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Abstract

Evolved differences in life history traits, including fertilization ecology and mating
systems, are expected to affect the strength of sexual selection acting on gamete-
recognition genes (GRGs) responsible for gamete compatibility and fertilization success.
The evolution of life history traits such as internal fertilization of eggs and mating system
traits such as self-fertilization is expected to weaken the effects of sexual selection (due
to the resolution of sperm competition among males and sexual conflicts between males
and females). To assess these expectations, | compared the responses to selection of
GRGs and other genes expressed in the gonads from multiple species of sea stars with
different life histories. | first developed a bioinformatic protocol to reconstruct the
transcriptomes of gonads from RNA-seq libraries using the data from the crown-of-
thorns sea star Acanthaster cf. solaris and used that protocol to characterize GRGs and
gene expression. | then compared GRGs in two recently diverged species with
contrasting mating systems. | found little evidence of positive selection in the GRGs of
the outcrossing species (Cryptasterina pentagona). Instead, | found evidence of relaxed
selection in the self-fertilizing and hermaphroditic species (Cryptasterina hystera). | also
found evidence of selection in non-GRG-genes linked to abiotic stressors, DNA
regulation, polyspermy, and egg retention. In the last chapter, | compared the selection
on female GRGs and other ovary genes using a phylogenetically broad sample of sea
star species with two modes of reproduction. | found evidence of rapid evolution acting
on female GRGs and of a stronger response to selection on female GRGs from sea
stars with expected stronger sexual selection (gonochoric, broadcast spawning,
planktonic fertilization) compared to species with derived life history traits associated
with weaker sexual selection (hermaphroditic, benthic fertilization, brood protection). In
summary, these results support the expectation of rapid evolution and strong selection
on GRGs compared to other parts of animal genomes. GRG evolution likely contributes
to the speciation process as a mechanism of reproductive incompatibility. And when

selection targets GRG, life history traits can affect the response to selection.
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Chapter 1.
Introduction

An important goal of evolutionary biology is to understand the evolution of life
history differences and their consequences. One significant component of life histories is
the genes that encode proteins involved in recognition between gametes and regulate
their successful fusion and therefore the reproductive success of the adult individuals
(Palumbi, 1994). Gamete-recognition genes are often highly polymorphic, with high rates
of molecular evolution, a result in part due to a response to sexual selection (such as
sperm competition among males, or sexual conflict between males and females)
associated with life history and mating system traits (Burgarella et al. 2015; Metz, 1998,
Palumbi et al., 1991; Patifio et al., 2016; Sunday et al., 2013). Differences in life history
traits, such as those differences found between marine invertebrate species with
broadcast spawning of gametes and planktonic fertilization, and other species with
benthic fertilization of eggs in egg masses or within the female (i.e., internal fertilizers),
are expected to impact the strength of sexual selection acting on gamete-recognition
genes and affect the molecular evolution of gamete traits (Charlesworth, 2006;
LaMunyon & Ward, 1995; Patifio et al., 2016). However, little evidence exists of such
effects. In this thesis, | test that hypothesis about the effect of mating system differences
on the molecular evolution of gamete traits, specifically the gamete-recognition genes
(GRGSs) that regulate the fertilization process. | characterize and compare gonad
transcriptomes across species that have evolved different modes of reproduction and
different mating systems that are expected to differ in the strength of sexual selection,
and test the expectation that those differences lead to variation in the strength of
selection on GRGs.

Arguably, one of the most well-characterized gamete-recognition systems in
animals are found in the sea stars, sea urchins, and other Echinodermata (Palumbi,
2009). In this thesis, | use sea star variation in life history traits as a system to test the
association between life history evolution and the molecular evolution of genes under
selection. In addition to an improved understanding of the ecology of reproduction in
echinoderms, the study of echinoderm GRGs has led to insights into the general

features of sperm-egg interactions in chordates and other organisms, including human



gamete interactions and the possible causes of human fertility variation (or different
forms of infertility). Studies in sea urchin (Strongylocentrotus purpuratus, Arbacia
punctulata, and Lytechinus variegatus) and sea star (Asterias amurensis, Patiria miniata)
fertilization systems have provided us with protein structures, gene sequences, and
functional analyses of proteins expressed in both gametes that are associated with
stages of fertilization that include sperm motility, the acrosome reaction, and the binding
and fusion of gametes (Dan, 1952; Dan, 1954; Glabe & Vacquier, 1977; Hart et al.,
2002; Hart et al., 2014; Lillie, 1919; Nakachi et al., 2006; Palumbi et al., 2009; Vacquier
et al., 1977). Echinoderm and chordate gametes share some general features of
anatomy, function, and localization of proteins that mediate gamete interactions. For
example, gamete interactions in sea stars (Asteroidea) are thought to start with the
attraction of the sperm to the egg through chemotaxis. Sperm attraction and activation is
induced by the egg protein asterosap and the sperm receptor guanylate cyclase
(Nishigaki et al., 1996; Nishigaki et al., 2000). In parallel with echinoderms, known
chordate sperm receptors for chemotaxis cluster in the sperm tail and share molecular
pathways that initiate sperm motility (Gray & Drummond, 1976; Lishko et al., 2018, Miller
et al., 2016; Ren et al., 2001; Seifert et al., 2015). In general, sperm chemotaxis remains
poorly described among chordates; only recently were the sperm receptors for tunicates
and humans characterized (Yoshida et al., 2018, Miller et al., 2016, Fitzpatrick et al.,
2020). As expected, these receptors and ligands in sea stars diverge quickly (as little as
29% nucleotide similarities within sea stars), likely due to their co-evolution under
selection (Nakachi et al. 2008). In comparisons among more distantly-related taxa, the
similarity between these genes seems to be reflected mainly at the functional level
(including types of protein domains), a potential result of convergent evolution or

extreme divergence at the nucleotide and amino acid level.

After gamete contact in sea star fertilization, several egg coat proteins including
the acrosome reaction-inducing substances (ARIS), co-ARIS, and asterosap interact
with the lipid bilayer of sperm and the sperm receptor for egg jelly (REJ) to induce an
exocytotic event in the sperm that results in morphological changes in both egg and
sperm (Dan, 1960, Hoshi et al., 1993, Hoshi et al., 2012, Kawamura et al., 2002,). These
changes include the acrosome reaction in which acrosome fuses with the sperm plasma
membrane, and the formation of an acrosomal process that penetrates the egg jelly and
is coated by the protein contents of the acrosome including bindin). Most chordates also

have variations of sulfated glycoproteins expressed in the egg coat involved in



fertilization, and some of these zona pellucida (ZP) genes initiate the acrosome reaction
(Bleil et al. 1980; Bleil et al., 1983; Hoshi et al., 1993; Litscher & Wassarman, 2007;
Morgan & Hart, 2019). In rodents, ZP glycoproteins expressed in the egg coat also
attach to a receptor in the sperm named ZP3r or sp56 related to the regulator of
complement activation proteins (RCA) (Buffone et al., 2008; Wassarman, 2009). In
humans, a member of the RCA group, C4BPA, is in linkage disequilibrium with ZP
genes, and co-evolving with ZP genes under selection (Hart et al., 2018, Morgan & Hart,
2019). Further functional analysis is needed to confirm if C4BPA is a receptor for the

zona pellucida proteins in humans.

The acrosome reaction exposes internal acrosomal contents on the cell surface,
and leads to interaction between sperm acrosomal proteins and egg coat molecules. In
sea urchins and sea stars, the single major component of the acrosome is the protein
bindin, which interacts with the egg bindin receptor proteins EBR1 and OBil (Hart, 2013,
Kamei & Glabe, 2003; Vacquier, 2012) leading to gamete binding. In primates and other
mammals, the sperm acrosomal protein Izumol has similar adhesion functions to bindin
(Grayson & Civetta, 2012, Inoue et al., 2005, Morgan & Hart, 2019), is exposed after
exocytosis, and interacts with Juno in the egg coat for gamete binding (Inoue et al.,
2005, Kaji et al., 2000, Le Naour et al., 2000, Miyado et al., 2000, Satouh, 2012).

The last step of fertilization is the plasma membrane fusion of the gametes. The
highly conserved fusogenic motif B18 of bindin forms an alpha helix with affinity to
sulfated egg proteins (Patifio et al., 2009; Rocha et al., 2008; Vacquier, 2012). The
formation of the alpha helix is enhanced by presence of Zn?* and additional proteins
from the egg, and this interaction is dependent on the prior successful interaction

between bindin and egg receptors.

Gamete-recognition genes have coding sequences under positive selection,
evolving at high rates compared to other gamete genes, and protein models have shown
that these codon regions under selection are often those parts of the protein that interact
with a cognate molecule expressed in the other gamete type (Grayson et al., 2015; Hart
et al., 2014; Palumbi, 2009; Vicens et al., 2014; Wilburn et al., 2016). A high rate of
evolution of gamete-recognition genes is theorized to be driven in large part by sexual
selection, including sperm competition among males (which can drive high rates of
evolution in male-expressed genes) and sexual conflict between male and female mates

(which can drive high rates of evolution in both male- and female-expressed genes)



(Gavrilets, 2000; Gavrilets & Hayashi, 2005). One specific form of sexual conflict that
may affect the evolution of sperm-egg recognition genes is a conflict of interest over the
rate or frequency of sperm-egg fusions. Selection on sperm genes that favours a high
rate of sperm-egg fusions is beneficial for both gametes, but it may have a detrimental
effect on eggs and females when sperm concentrations are high if high fertilization rates
lead to multiple sperm entering single eggs. This polyspermy is fatal to all gametes
involved in each polyspermy event, but the costs are greater for females than for males
because individual sperm are smaller and much less costly to produce in comparison to
eggs (Gauvrilets, 2000; Gavrilets & Hayashi, 2005). Thus, high rates of sperm-egg
fusions are theorized to lead to the selection for sperm alleles that promote success in
competition with other sperm (to the detriment of eggs and females), and selection for
egg alleles that lower the rate of sperm-egg fusion and reduce the risk of polyspermy.

Selection acting on GRGs can be detected by branch sites models of codon
evolution. Branch sites models analyze alignments of protein-coding sequences to
identify lineages in a gene tree or sites in an alignment that have high values of omega
(w=dN/dS), an estimate of the relative rate of nonsynonymous substitutions (dN) and
synonymous substitutions (dS). Specific versions of these models can be used to
identify codons at which some subset of lineages have high w values (Murrell et al.,
2012); others can be used to identify lineages in the gene tree on which some subset of
codons show high w values (Smith et al., 2015); and others can be used to test specific
a priori hypotheses of site-specific differences among sets of branches in each gene tree
that differ in some specific trait that is predicted to affect selection (e.g., lineages in
which organisms have evolved mating systems with high versus low potential for
selection associated with sperm competition and sexual conflicts of interest) (Murrell et
al., 2015).

Studies that have compared GRGs using codon models in animals with relatively
recent episodes of selection have identified sites under positive selection (Galindo et al.,
2003; Hart et al., 2014; Levitan & Stapper, 2010; Metz et al., 1996; Patifio et al., 2016,
Pujolar & Pogson, 2011). These studies found more evidence of positive selection on
GRGs compared to other parts of the genome. Similar work on gamete recognition of
plants and humans has found binding sites in male- and female-expressed genes to also
be under selection and coevolving (Sato et. al., 2002, Hart et al., 2018). Additional

studies that include a wider range of gamete-recognition genes from multiple sea star



species could bring insight into the evolution of mating system differences and their

consequences.

In mating systems where sperm competition and sexual conflicts of interest are
strong, sexual selection is expected to favour the evolution of novel male and female
traits that confer advantages on males (in competition with sperm of other males for
fertilization) and on females (in defense against male adaptations) (Chapman et al.,
2003; Gauvrilets, 2000, Parker, 2006). For sea stars and other broadcast-spawning
marine invertebrates, specific gamete traits include male adaptations for sperm binding
to eggs, and female countermeasures to avoid fatal polyspermy (Franke et al., 2002;
Levitan, 2004). Because these sexual selection processes act on males and females
within populations, responses to selection (coevolved combinations of sperm- and egg-
expressed gamete-recognition genes) may differ between populations. For example,
comparative analysis of bindin in sea urchins showed lineages with differing omega
values: low omega values in some clades were attributed to neutral processes, and high
values of omega in other sea urchin clades were thought to be the result of sexual
selection and possibly sexual conflict over fertilization rate (Lessios, 2011; Palumbi,
2009; Wilburn et al., 2016). When sexual selection and conflicts of interest are strong,
reproductive isolation between populations can evolve as a secondary outcome of

sexual selection within each population (Palumbi, 1999, Levitan et al., 2006).

Parts of this model for the evolution of gamete traits, reproductive compatibility,
population differences, and speciation by sexual selection can be tested by comparing
patterns of molecular evolution among species or lineages with different mating system
traits that are expected to be associated with strong or weak sexual selection and
conflicts of interest, and by comparing GRGs to other parts of the genome that are not
expected to evolve under the influence of sexual selection or conflicts of interest. | used

those two comparative approaches in this thesis.

1.1. Thesis Overview

In this thesis | carried out a comparison among sea stars (Asteroidea) in which
different mating system traits have evolved in parallel in diverse species or lineages.
Most sea star species are gonochoric (two separate sexes) broadcast spawners with

large body size, large gonads, and high fecundity (including large testes in males and



high sperm production). In these species, adults release either eggs or sperm into the
marine plankton, where males may often experience strong sperm competition (because
individual males cannot monopolize or prevent access by other males to the eggs of
females) and males and females may often be in intense sexual conflict over optimal
rates of sperm-egg contact with high risk of polyspermy. This mating system and mode
of reproduction is probably ancestral for sea stars (and is widely shared with many other
species of echinoderms and other marine invertebrate phyla) (Hart et al., 1997; Puritz et
al., 2012). However, several sea star lineages have evolved modified life-history and
mating system traits that are expected to weaken the effects of sexual selection. These
traits include small body size, reduced sperm production, and fertilization of small
clutches of eggs in the benthic habitat where access to eggs and fertilizations may be
limited to sperm of males immediately adjacent to females and egg masses, with
reduced intensity of sperm competition. In the most highly derived life histories, benthic
egg masses are self-fertilized by hermaphroditic adults in which sperm competition is
reduced (because eggs are fertilized by sperm from one male), and sexual conflicts of
interest may be fully resolved (because the reproductive interests of males and females
are combined in a single self-fertilizing individual; Byrne et al., 2003; Strathmann et al.,
1984). This pattern of ancestral broadcast spawning and derived benthic fertilization is
not unique to sea stars, and is characteristic of life history evolution among other
echinoderms and other phyla (Strathmann, 1987). A recent study of one gamete-
recognition gene (encoding the sperm acrosomal protein bindin) showed greater
evidence of a response to selection (positive selection and high values of w with high
rates of amino acid change) in two genera of sea stars in which all species are
gonochoric out-crossers in comparison to two genera with species that have evolved
benthic fertilization and are capable of selfing (Patifio et al., 2016). This result indicates
that sexual selection on bindin evolution may be weaker in species that have some
combination of these derived life-history and mating system traits with reduced sexual
selection. In this thesis, | extend that comparative method to other gamete-recognition
genes (sex-specific gene expression only known from either sperm or eggs in sea stars),
compare them to other genes not involved in gamete-recognition, and contrast those

patterns among several lineages of sea stars with ancestral and derived life histories.

Ch2: Development of a de novo transcriptome pipeline using Acanthaster cf

solaris. Here



| develop and describe the protocol for assembly and analysis of RNA-seq data
to characterize sea star gonad transcriptomes and identify gamete-recognition genes,
and then | apply this protocol to data for the crown-of-thorns sea star (COTS) from the
western Pacific, Acanthaster cf. solaris. | focus on this single species for two reasons.
First, COTS is an important keystone predator on corals and coral reefs in the Indo-
Pacific. Populations of COTS undergo natural fluctuations in population size estimated to
occur every decade (Uthicke et al., 2009). In the past few decades, high-density
populations of COTS, known as outbreaks, have remained unusually dense for longer
than expected in locations such as Japan and Australia (Birkeland & Lucas, 1990,
Uthicke et al. 2009, Nakamura 2014). Outbreaks have contributed to coral reef decline
and loss of biodiversity in the Indo-Pacific (Uthicke et al., 2009). The causes of the
population fluctuations are still debated (Mendoncga, 2010) and may include
unexpectedly successful reproduction, high survival rates for the feeding planktonic
larval stage associated with coastal eutrophication (Birkeland, 1982), and overfishing
(Cowan et al., 2016, Cowan et al., 2017). Second, the available RNA-seq data for my
analyses of this species are limited to a relatively small number of sequence reads
(about 5 million reads for each of two male and two female individuals). As a result, this
first analysis of data from COTS can be considered a difficult test (because small RNA-
seq libraries reduce the coverage needed for the confident reconstruction of genes and
estimation of their expression with de novo approaches) of the assembly and analysis
protocol: if gamete-recognition genes can be successfully assembled and analyzed from
limited data for this species, then the same protocol is expected to successfully
assemble such genes from other species for which many more data are available. My
analyses of two male and two female gonad transcriptomes have revealed unexpected
evidence for male gene expression (including the GRG bindin) in one of the ovary
samples, including odd patterns of expression assessed with PCA, a correlation matrix
or heatmap of gene expression patterns, and the expression of sex-specific GRGs. This
is consistent with previously described (but unexplained) expression of some egg-
specific genes in testis RNA-seq data (Stewart et al., 2015), and with anecdotal reports
of embryonic development in laboratory spawning of eggs without addition of sperm. My
collaborators and | interpreted these gene expression results, plus the documentation of
ovotestes (individuals with gonads that produced both sperm and eggs) in a separate
study, as evidence of frequent but previously unrecognized hermaphroditism in COTS

individuals. Documenting unexpected hermaphroditism in this species may help to



account for population outbreaks in an important predator on coral reefs. Further study
of the mating system of COTS could help us better understand the sex-determination

systems of these and other sea stars.

Ch3: Divergence of gamete-recognition genes in Cryptasterina species with

contrasting mating systems.

Here | applied the assembly and analysis protocol to a comparison between two
closely related sister species from northeastern Australia with different mating systems. |
used the same methods to identify gamete-recognition genes (and other genes
expressed in sperm and eggs), and apply codon models of positive selection to ask
whether the two species differ in the response to selection on gamete-recognition genes
(but not other genes) in the expected direction due to their mating system differences. |
focused on this two-species comparison for two reasons. First, Cryptasterina hystera
and C. pentagona have striking mating system differences but are otherwise similar in
their morphology and natural history (so similar that they were not recognized as distinct
species until their mating system differences were discovered (Dartnall et al., 2003). C.
pentagona individuals are gonochoric broadcast spawners with planktonic fertilization
and the potential for strong sexual selection; C. hystera individuals are simultaneous
hermaphrodites with internal self-fertilization and limited potential for sperm competition
(because they lack adaptations for sperm transfer between individuals) or sexual conflict
(because outcrossing appears to be rare). Second, the two species diverged very
recently (<10,000 years ago; Hart & Puritz, 2020; Puritz et al., 2012). As a result, this
two-species comparison can be considered a difficult test (because the power to assess
selection on an alignment of gene copies from recently diverged species could be
reduced by a limited number of substitutions in the alignment; Smith et al. 2015) of my
method of analysis: if a difference in the response to selection on gamete-recognition
genes can be detected in this pair of species (after a recent speciation event), then the
same approach is expected to successfully test the effect of mating system differences
on other sea star species or lineages that have much longer divergence times over
which mating system differences could lead to changes in the strength of sexual
selection and evidence of a response to those differences in selection among lineages. |
found little evidence of a stronger response to sexual selection in the gamete-recognition
genes of the outcrossing sea star C. pentagona: GRGs did not show stronger evidence

of positive selection (high values of w) in comparison to other genes expressed in the



gonads, and GRGs in C. pentagona did not show stronger evidence of positive selection
in comparison to GRGs in C. hystera. Instead, | found evidence of relaxed selection on
some GRGs of the self-fertilizing C. hystera and evidence of selection in non-GRGs

linked to abiotic stress.

Ch4: Comparative analysis of gamete-recognition genes among many species
with contrasting mating systems.

Here | applied the same RNA-seq methods and comparative approach to a
multispecies comparative analysis of gamete transcriptomes and selection acting on
GRGs of sea star species with different modes of fertilization and mating systems. |
analyzed previously sequenced and new RNA-seq data from sea stars from five
taxonomic orders. These analyses included data from a large sample of gonochoric
broadcast spawners, including Acanthaster cf. solaris (Chapter 1) and Cryptasterina
pentagona (Chapter 2), plus 21 others in the Orders Velatida (Pteraster militaris),
Forcipulatida (Asterias amurensis, Asterias forbesi, Asterias rubens, Evasterias troschelii
, Marthasterias glacialis), Paxillosida (Astropecten aranciacus, Luidia clathrate),
Spinulosida (Echinaster spinulosus, Henricia leviuscula), and Valvatida (Crossaster
papposus, Dermasterias imbricata, Mediaster aequalis, Patiria miniata, Pisaster
brevispinus, Pisaster giganteus, Pisaster ochraceus, Pycnopodia helianthoides,
Solaster dawsoni, Solaster endeca, and Solaster stimpsoni) with the potential for strong
sperm competition, sexual selection, and sexual conflict. | compared them to four
species in three orders that have evolved derived life history traits including small body
size, benthic fertilization, and brood protection. These included three gonochoric species
with external fertilization of eggs in benthic egg masses (Leptasterias hexactis; Henricia
pumila and Henricia sanguinolenta), as well as the hermaphroditic Cryptasterina hystera
(with internal self-fertilization of eggs, internal brooding of embryos and live birth of
juvenile sea stars) that are expected to have reduced potential for sperm competition
and weaker sexual selection. | found evidence of a stronger responses to selection, in
the form of a high number of codons under selection and more lineages under selection,
among GRGs than other genes in the ovary transcriptomes. And the response to

selection among GRGs was stronger in planktonic fertilizer than in benthic fertilizers.
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Chapter 2.

Nonspecific expression of fertilization genes in the
crown of thorns Acanthaster cf. solaris: Unexpected
evidence of hermaphroditism in a coral reef predator
(Guerra et al., 2020)

This chapter was adapted from Guerra, V., Haynes, G., Byrne, M., Yasuda, N.,
Adachi, S., Nakamura, M., ... & Hart, M. W. (2020). Nonspecific expression of fertilization
genes in the crown-of-thorns Acanthaster cf. solaris: Unexpected evidence of

hermaphroditism in a coral reef predator. Molecular Ecology, 29(2), 363-379

Abstract

The characterization of gene expression in gametes has advanced our
understanding of the molecular basis for ecological variation in reproductive success and
the evolution of reproductive isolation. These advances are especially significant for
ecologically important keystone predators such as the coral-eating crown-of-thorns sea
stars (COTS, Acanthaster) which are the most influential predator species in Indo-
Pacific coral reef ecosystems and the focus of intensive management efforts. | used
RNA-seq and transcriptome assemblies to characterize the expression of genes in
mature COTS gonads from a population in southern Japan. | described the sequence
and domain organization of eight genes with sex-specific expression and well known
functions in fertilization in other echinoderms. | found unexpected expression of genes in
one ovary transcriptome that are characteristic of males and sperm, including genes that
encode the sperm-specific guanylate cyclase receptor for an egg pheromone, and the
sperm acrosomal protein bindin. In a reassembly of previously published RNA-seq data
from COTS testes,  found a complementary pattern: strong expression of four genes
that are otherwise well known to encode egg-specific fertilization proteins, including the
egg receptor for bindin (EBR1) and the acrosome reaction-inducing substance in the egg
coat (ARIS1, ARIS2, ARIS3). In collaboration with colleagues in Japan, we also found
histological evidence of both eggs and sperm developing in the same gonad in several
COTS individuals from a parallel study. These results suggest the occurrence of

hermaphrodites, and the potential for reproductive assurance via self-fertilization. These
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findings have implications for management of COTS populations, especially in

consideration of the large size and massive fecundity of these sea stars.

Keywords:
Acanthaster, reproductive assurance, outbreaks, bindin, RNA-seq
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2.1. Introduction

Echinoderms are model organisms for investigation of fertilization biology from
gamete behavior and recognition molecules (Hirohashi et al., 2008; Podolsky &
Strathmann, 1996; Swanson & Vacquier, 2002) to sexual selection in populations
(Levitan, 2004) and population connectivity (Puritz et al., 2017). At the level of gamete
interactions, the events of echinoderm fertilization are regulated by the products of
gamete-recognition genes that are localized in organelles, plasma membranes, or the
extracellular coats of sperm and eggs (Patifio et al., 2016; Wilburn & Swanson, 2016).
Original characterization of echinoderm gamete-recognition genes was largely based on
analyses of proteins and gene transcripts from species for which extensive genomic
resources are available (especially the sea urchin Strongylocentrotus purpuratus;
Lessios, 2007; Swanson & Vacquier, 2002; Wilburn & Swanson, 2016). Recent studies
have assembled gonad and gamete transcriptomes of several echinoderm species from
short-read RNA- seq data to characterize gamete-recognition genes and their products
(Hall et al., 2017; Hart, 2012; Hart & Foster, 2013; Stewart, Stewart, & Rivera-Posada,
2015; Weber et al., 2017). Knowledge of the organization, sequence, and diversity of
gamete-recognition genes has led to an improved understanding of variation in
reproductive success, biochemical interactions between gametes, the mechanisms
underlying reproductive isolation between species, and the drivers of speciation
(Lessios, 2011; Palumbi, 2009; Wilburn & Swanson, 2016).

On coral reefs, crown-of-thorns sea stars (COTS) in the genus Acanthaster are
keystone coral predators and are among the most ecologically influential species in
tropical marine ecosystems. Periodic population outbreaks of COTS can decimate reefs
and reduce coral cover by up to 90% (Birkeland, 1982; Colgan, 1987; Pratchett &
Caballes, 2014) with cascading negative consequences for reef communities (Haywood
et al., 2019; Kayal et al., 2012; Timmers et al., 2011; Timmers, Bird, Skillings, Smouse,
& Toonen, 2012). Across the Great Barrier Reef, predation by COTS is responsible for
~40% of coral loss over 30 years (De’ath et al., 2012). Although the causes of COTS
outbreaks remain uncertain, the enormous fecundity of individual females (up to 200
million eggs) is considered key to rapid increase in population size and the initiation of
outbreaks (Babcock, Milton, & Pratchett, 2016; Uthicke, Schaffelke, & Byrne, 2009). This

species is the most fecund echinoderm, with clutch sizes for individual females much
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higher than those reported for any other sea stars (Babcock et al., 2016). High fecundity
and fertilization success are used in simulation models of source-sink dynamics among
COTS populations for reef management applications (Hock, Wolff, Condie, Anthony, &
Mumby, 2014; Rogers, Plaganyi, & Babcock, 2017). Although the terrestrial nutrient run-
off hypothesis, in which larval growth and survival are increased by blooms of
phytoplankton, presently has the greatest scope for explaining outbreaks (Birkeland,
1982; Uthicke et al., 2018), key gaps remain in our understanding of the life history of
COTS, especially its fertilization biology and the role of gamete-recognition genes in
fertility. These important knowledge gaps are addressed here.

Numerous genes involved in sperm chemoattraction toward the egg, sperm
capacitance and the acrosome reaction, and sperm—egg binding have been identified in
echinoderms (Hirohashi et al., 2008). Sea star eggs release asterosap, a small peptide
pheromone, from the extracellular coat (egg jelly). This peptide diffuses into seawater
and binds to a membrane-bound guanylate cyclase receptor in the sperm tail, and this
binding activates sperm metabolism and chemoattraction towards the egg (Hoshi, 2002;
Hoshi, Moriyama, & Matsumoto, 2012; Kawamura et al., 2002; Wilburn & Swanson,
2016; Nishigaki et al, 2000). Sea star oocytes also express an acrosome reaction-
inducing substance composed of three glycoprotein subunits (ARIS1, ARIS2, ARIS3)
that form part of the egg coat and interact with a sperm receptor for egg jelly (REJ;
Naruse et al., 2011). The egg vitelline envelope has a receptor for the sperm acrosomal
protein bindin (EBR1; Hart & Foster, 2013; Patifio et al., 2009). The interaction between
bindin and EBRL1 is required for gamete binding and fusion (Kamei & Glabe, 2003).

Despite the ecological importance of COTS, little is known about the genes that
mediate fertilization in this species and their influence on fertility, a fundamental driver of
outbreaks. Thus far, one partial coding sequence for each of the three Acanthaster ARIS
genes is available (Naruse et al., 2011), as well as a partial EBR1 transcript from a testis
transcriptome (Stewart et al., 2015). The draft genome assembly for COTS (Hall et al.,
2017) includes a predicted bindin gene, but the coding sequence organization and
repetitive structure have not been analyzed or compared to that of other sea stars. There
is intense interest in COTS pheromones and the overall COTS secretome, particularly
with respect to the use of genomic information for the design of biocontrol applications
(Hall et al., 2017). This secretome research has focused on the adults and their behavior

(Hall et al., 2017). Here | focus on the genes that influence gamete behavior and
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ultimately COTS fertility. | sequenced and analyzed highly expressed genes of the
gonads of four reproductively mature male and female individuals from southern Japan,
analyzed data from a testis transcriptome (Stewart et al., 2015) and obtained genomic
sequences for gamete-recognition molecules from the draft COTS genome (Hall et al.,
2017). By characterizing new sea star orthologs of echinoderm gamete-recognition and
binding genes | provide a clearer view of the fertilization biology of this important marine
predator.

| found unexpected evidence of nonsex-specific expression of some gamete-
recognition genes in our study and in data from a previous study (Stewart et al., 2015).
One interpretation of that evidence is that some COTS of one sex may be facultative
hermaphrodites in which a small portion of the gonad is allocated to developing gametes
of the other sex. | collaborated with colleagues in Japan to find confirmation of that
interpretation in histological sections showing that some COTS individuals have oocytes
and spermatozoa in the same gonad. The occurrence of hermaphrodites in COTS has
important implications for under- standing the reproduction and demography of these
coral predators, and for application of models of population fertility and source-sink
propagule dynamics currently being used to inform management of COTS populations
on the Great Barrier Reef (Hock et al., 2014; Rogers et al., 2017).

2.2. Methods

2.2.1. RNA-seq and genome-guided assembly

Sea stars were collected from two localities in Japan where COTS were
previously classified as Acanthaster planci. That name is now known to represent a
species complex, but the taxonomy of the Pacific species of COTS is uncertain. One
available name for COTS from the western Pacific is suggested to be Acanthaster cf.
solaris (Haszprunar et al. 2017; Schreber, 1793).

Ovary and testis tissues were carefully isolated from a reproductively mature
male and female from Kekubo (31°22'565.61"N, 131°18'47.25"E), and a male and a
female from Kushima (31°21'59.29"N, 131°1910.93"E), in the field or at the University of
Miyazaki in August 2013. Each tissue sample was preserved in RNAlater and stored at

—-70°C. The samples were shipped cold to the Hawai'i Institute of Marine Biology (HIMB)
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at the University of Hawai'i. Extraction of RNA, construction of indexed cDNA libraries,
and 75-base paired-end sequencing on a MiSeq instrument (lllumina, Inc.) were carried
out in the HIMB Genetics Core Facility using proprietary library preparation methods and

standard lllumina sequencing kits.

In preparation for the genome-guided transcriptome assembly, | combined the
paired-end raw reads of the four libraries collected for this study with the reads from
three additional libraries (two testes, one ovary) that were created as part of the analysis
and annotation of the COTS genome (Hall et al., 2017). The reads were filtered with
trimmomatic v. 0.32 (Bolger et al., 2014) using the default settings in Trinity v. 2.6.5
(Grabherr et al., 2011). Trimmomatic implements several filtering steps that improve
overall library quality: removal of adapter sequences; trimming of bases at the leading
and trailing ends of each sequence read that have average quality score of five or less
(using a sliding window of four bases in width); removal of individual bases with a quality
score of five or less from the sequence ends; and deletion of sequences shorter than 25
bases. | used the default program settings in the fastqc tool v. 0.11.3
(http://www.bioinformatics. babraham.ac.uk/projects/fastqc/) to evaluate the overall
guality of the trimmed sequences and to detect data biases due to sequencing or
amplification errors. The cleaned RNA-seq reads from this study were deposited in the
Sequence Read Archive of the National Centre for Biotechnology Information under the
BioProject PRINA412251.

A genome-guided reference transcriptome was assembled in Trinity using a
coordinate-sorted bam file created with GSNAP (Wu & Watanabe, 2005) made from
trimmed sequences that were pooled from all seven samples from the two gonadal
tissues (three ovaries and four testes). To identify and analyze the expression of sex-
specific genes, | used the same genome-guided approach to assemble individual
libraries for each of the seven gonad samples. | also used the genome-guided approach
to reassemble reads from a previous study (Stewart et al., 2015) in which gonad RNA
from multiple COTS males from an Australian population was pooled and sequenced to

characterize genes and gene expression patterns.

The quality of the reference transcriptome was assessed by the representation of
full-length known proteins, contig length, and contig composition. | did not initially use
expression filters for the reference transcriptomes; this approach was suggested in the

Trinity documentation to conserve biological information. | used BLASTX (Altschul et al.,
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1990) to compare predicted protein sequences for transcripts in our assembled
reference transcriptome to proteins in the UniProt 90 reference database (Apweiler et
al., 2012), the NCBI Acanthaster planci protein reference database (annotation release

ID 100), and the NCBI Strongylocentrotus purpuratus protein reference database
(annotation release ID 101); | used expectation scores with a cutoff value of e =1 x 10~

20 or lower to identify orthologs. | calculated percentage length coverage of the protein
hits using the perl script “analyze_blastPlus_topHit_coverage.pl” from Trinity v. 2.6.5
(Grabherr et al., 2011) toolkit (see Appendix A for frequency distribution of coverage); |
used a cutoff value of 80% or higher coverage. Summary statistics that characterize the
dimensions and composition of the reference transcriptome were calculated with the perl
script “TrinityStats.pl” from the Trinity v. 2.6.5 (Grabherr et al., 2011) toolkit (Table 1).

2.2.2. Functional annotation of transcripts

Functional annotation of the reference transcriptome used Trinotate v. 3.0
(https:/ftrinotate.github.io/) (Haas et al., 2013). First, coding regions of the transcripts
were predicted with the default settings using the TransDecoder method in Trinotate.
The reference transcriptome and the output of TransDecoder (Haas et al., 2013) were
then searched for matches using blast+ (Altschul et al., 1990) against a custom UniProt
database (Apweiler et al., 2012), the NCBI Invertebrate reference database, the NCBI
Strongylocentrotus purpuratus reference database, and the NCBI Acanthaster planci
reference database. The UniProt database was populated with information from Gene
Ontology (GO; Ashburner et al., 2000), Clusters of Orthologous Groups (COG; Tatusov
et al., 2000), and pathways from the Kyoto Encyclopedia of Genes and Genomes
(KEGG; Kanehisa & Goto, 2000). The output of TransDecoder was also used to search
for several functional features: protein domains were identified using the method in
HMMER (Finn et al., 2011) and the PFAM protein domain database (Punta et al., 2012);
signal peptide predictions were found using the program SignalP (Petersen et al., 2011);

and transmembrane regions were identified using TMHMM (Krogh et al., 2001).
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Cleaned lllumina reads 104,679,122

ovary 4,523,681 female 1
5,065,063 female 2
4,472,748 male 1
4,708,152 male 2
ovary & testis 85,909,478 female 3, male 32
Total transcripts 312,554
Total genes 243,681
GC content (%) 42.4
Median transcript length (nt) 441
Average transcript length (nt) 1121
Transcript contig N50 (nt) 2853
@ Data from Hall et al. (2017)
Table 2.1 Summary statistics for the Acanthaster cf. solaris reference

transcriptome.

2.2.3. Annotation of gamete-recognition genes

| compared transcripts in the reference transcriptome to sequences in a custom
database that was compiled from previously published gamete-recognition gene
sequences (Hart, 2013; Hart & Foster, 2013; Matsumoto et al., 2003; Mengerink et al.,
2002; Moy et al., 1996; Nakachi et al., 2008; Patifio et al., 2016; Popovic et al., 2014;
see Appendix B for a list of gamete-recognition genes). | used blast+ (Altschul et al.,

1990) with a minimum expectation score of e = 1 x 10~°. To confirm the identification of
orthologs, | translated the top hits for each search and compared their protein domain

organization using Smart (Schultz et al., 1998).

In cases where the reference transcriptome included a partial coding sequence
for a gamete-recognition gene, | used those partial coding sequences to find complete
coding sequences by searching the genome. | used blast+ to search for the orthologous
sequence in the recently published COTS draft genome assembly (Hall et al., 2017). If
the gene of interest was identified, | then manually assembled the complete coding
sequence using data from the scaffolds of the draft genome that had been assembled
from a COTS individual collected from Motobu, Okinawa (called the OKI genome in Hall
et al., 2017). | assembled complete coding sequences by conceptual translation of the
scaffold sequence to identify splice sites and introns. | confirmed the identity of exons by

examining the coverage of cDNA reads mapped to the scaffold sequence, and by
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comparing the exons to the incomplete predicted transcriptomes from the assembilies. |
used GMAP (Wu & Watanabe, 2005) and GSNAP (Wu & Nacu, 2010) with default
settings to map trimmed cDNA sequences to each single scaffold of interest. The
GSNAP outputs were processed in Samtools (Li et al., 2009) with default settings, and
visualized with IGV (Robinson et al., 2011).

2.2.4. Differential expression analyses

Comparison of biological replicates

To identify possible batch effects or unexpected biological differences between
replicates within each biological group (males or females), | used the alignment-based
method of the RNA-seq pipeline in Trinity v. 2.6.5 (Grabherr et al., 2011). This pipeline
aligns the trimmed sequence reads from each of the individuals to the reference
transcriptome using the perl script “align_and_estimate- abundance.pl”. This script calls
on the program bowtie2 version 2.2.1 (Langmead & Salzberg, 2012) for alignment, and
the program Rsem v. 1.2.7 (Li & Dewey, 2011) to estimate transcript abundance. | used
the TPM metric (number of reads mapped to the transcript, standardized for gene length
and total number of reads; Li & Dewey, 2011) as my measure of standardized
expression level for each of the assembled transcripts for each individual sea star. |
used a cutoff value of 4 TPM to define the presence of gamete-recognition genes. In this
work flow, the gene and transcript matrices containing the sequence abundance
information for each of the individuals are built with the perl script
“abundance_estimates to_matrix.pl”. The matrices are used to assess the similarity or
difference between pairs of biological replicates relative to differential expression
between the sexes. The perl script “PtR.pl” uses the matrices to plot the distribution of
mapped sequences for comparisons of individuals and groups based on a correlation
matrix and a principal component analysis (PCA; see Appendix C for quality check
results). This quality check indicated that one of the samples from the study by Hall et al.
(2017) (the male from an Australian population) that | included in the data used to create
the reference gonad transcriptome had an unexpected low gene expression similarity to
the other male samples. This single male sample was collected out of breeding season
(M. Hall, personal communication). Because gene expression in that nonreproductive
gonad may not reflect typical patterns of gene expression in testes, | deleted that sample

from subsequent analysis. This quality check also indicated that one of the female
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samples in the study had an unusually low number of unique sequences compared to
the second female, and expressed some genes that were also expressed in the two
males in the study as well as in males from previous studies (Hall et al., 2017; Stewart et

al., 2015; see Appendix C for quality check results).

Differential expression

| used the differential expression (DE) method in the RNA-seq pipeline of Trinity
v. 2.6.5 (Grabherr et al., 2011). The DE analysis with biological replicates uses the perl
script “run_DE_analysis.pl” from the Trinity v. 2.6.5 toolkit that calls on the edger
(Robinson, McCarthy, & Smyth, 2009) program to annotate the transcripts that are
differentially expressed. The most differentially expressed transcripts are then extracted
using the perl script “analyze_diff_expr.pl” in the Trinity toolkit (Grabherr et al., 2011); |
used cutoff values of p = .01 for control of the false discovery rate (FDR) and eight-fold

or greater difference to identify differentially expressed transcripts.

2.2.5. Gonad histology

In a parallel study of COTS reproduction in southern Japan, my colleagues (S.
Adachi and M. Nakamura), collected gonad samples in June and July 2018 from
populations in Kochi Prefecture and used standard histological methods to fix, section,
mount, stain, and photograph these samples in order to document the gamete type(s)
present in each sample; these methods have previously been used for histological
analysis of gonads in COTS and other sea stars (Byrne, 1992; Lucas, 1973; Yamazato &
Kiyan, 1973; see Birkeland & Lucas, 1990). The tissue samples were dehydrated
through a graded series of ethanol, cleared in xylene, and embedded in paraffin. The
sections (4 um thick) were stained with hematoxylin and eosin and photographed under

bright field illumination (see Guerra et al., 2020).

2.2.6. Confirmation of species identity

| followed the advice of Haszprunar et al. (2017) to use mitochondrial COI
barcodes for species identification. | downloaded the available barcode sequences for
Acanthaster (n = 249) from the Barcode of Life Data System (Ratnasingham & Hebert,
2007). 1 did not have tissue samples as vouchers for the four individuals in my study to

use in amplification of the COI barcode sequence; instead, | found the individual
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transcript that was annotated as mitochondrial COI in each of the individual
transcriptome assemblies, and | added each of those COI coding sequences to the
barcode data. From GenBank | obtained and added the COI coding sequence from the
complete mitochondrial genome for Acanthaster ‘planci’ from a Japanese population
(AB231475.1; Yasuda et al., 2006) as an additional reference sequence. The translated
coding sequences could be readily aligned by eye without gaps. | trimmed that alignment
to the length of the shortest sequence in the barcode database (582 bp), and converted

the alignment to nexus format.

| used TCS1.2.1 (Clement et al., 2000) to estimate genealogical relationships
among those COI haplotypes by the statistical parsimony method. | used the 95%
parsimony connection limit, and forced haplotypes that differed by more than the
connection limit (10 steps or nucleotide differences) into separate networks. This
approach is widely used to identify provisional species differences using COIl barcodes
(Hart & Sunday, 2007).

2.3. Results

2.3.1. Genome-guided assembly

| assembled 104,679,122 paired-end trimmed sequences from seven RNA-seq
libraries, including libraries made from the gonads of two male and two female COTS
collected for this study and libraries made from the gonads of two males and one female
from a prior study (Hall et al., 2017), with a per-base quality score in Fastqc of 33 or
higher (Table 1). The genome-guided assembly had 312,554 transcripts of which
243,681 were identified as genes (much larger than the likely number of unique genes,
Table 1). These estimates reflect the occurrence of multiple alternatively spliced
isoforms within genes, multiple paralogous genes within gene families, and multiple
partial sequences from different parts of the same unigenes. The average contig length
of the reference transcriptome was 1,121 bp with a contig N50 length of 2,853 bp (Table

1). I aligned transcripts to the UniProt database (including Swiss-Prot sequences) using

cutoff values of e = 10_20 and 80% query coverage, and found 5,441 transcripts
annotated by reference proteins (see Appendix D for gamete-recognition genes). The

COTS genome has an estimated 24,500 coding genes (Hall et al., 2017), suggesting
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that ~22% (5,441 reference proteins) of the expected genes were successfully
annotated in spite of the limited representation of transcripts for the class Asteroidea in

the reference database.

2.3.2. Functional annotation

In order to obtain plausible functional annotations for many transcripts, | repeated
the comparison of transcripts to the UniProt database (made of Swiss-Prot sequences
curated for Trinotate V3.0), the NCBI Acanthaster planci reference database (annotation
release ID 100), the NCBI Strongylocentrotus purpuratus reference database
(annotation release ID 101), and the NCBI invertebrate reference database (RefSeq
Release 74), but with less stringent comparison criteria based on expectation scores
alone (e = 107). | found 63,057 annotations in total (20% of all transcripts in the
reference transcriptome; Table 2) including 12,492 transcripts with transmembrane
regions (TMHMM), 39,595 transcripts with orthology in the EQgNOG database; and
40,670 transcripts with identifiable protein domains (HMMER-Pfam). Most of the
transcripts that were successfully annotated with the NCBI invertebrate database
matched proteins from Acanthaster planci (94.6%) (see Appendix E for annotation and
gene ontology results). About half (141,863) of the transcripts in the reference
transcriptome were relatively short sequences (200—399 bp) that may include
incompletely assembled splice isoforms or partial coding sequences from hard-to-
assemble transcripts (e.g., repetitive genes; see Gdéngora-Castillo & Buell, 2013; Haas et
al., 2013), and few were annotated in the NCBI invertebrate database (3.6%). By
contrast, over three quarters (83%) of transcripts longer than 2,000 bp were successfully
annotated (Figure 2-1). Like the high proportion of expected genes that were annotated,
the large proportion of long transcripts that were successfully annotated suggests that
the reference transcriptome is a reasonably accurate reflection of gene expression in

these two tissues.

28



BLASTX - SwissProt 43,943

BLASTP - SwissProt 44,170
BLASTP - NCBI invertebrate database 55,137
BLASTP — A. planci database 54,249
BLASTP — S. purpuratus database 49,408
eggNOG 39,595
HMMER - Pfam 40,670
TMHMM 12,492
Unique transcripts from all BLAST 63,057
searches

Table 2.2 Summary statistics for the Acanthaster cf. solaris reference
transcriptome.
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Figure 2.1 Frequency distribution of transcript lengths in the genome-guided
transcriptome assembly from gonads of COTS. Five distributions
representing all transcripts in the reference transcriptome and
transcripts with annotations from one of the four reference
databases: SwissProt database, NCBI invertebrate database,
Strongylocentrotus purpuratus database, and the Acanthaster
planci database
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The transcriptome assemblies included many putative alternatively spliced
transcripts (68,873 unconfirmed isoforms), but there is little context to understand the
extent of their representation in the COTS transcriptome (Grabowski & Black, 2001,
Mistry et al., 2003). Counting isoforms in an assembly is difficult because some apparent
isoform differences (including the many transcripts <400 bp in our assemblies) are likely
to represent assembly errors, especially partial assembly of full-length transcripts.
However, the large number of possible isoforms indicates the potential importance of
alternatively spliced transcripts in the creation of diverse protein sequences in mature
COTS gonads, similar to other echinoderm transcriptomes (Elphick et al., 2015; Fuess et
al., 2015; Pérez-Portela et al., 2016; Yang et al., 2016; see also Modrek & Lee, 2002).
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2.3.3. Annotation and structure of gamete-recognition gene orthologs

Eight transcripts were strongly similar to echinoderm genes involved in the
acrosome reaction or in processes that regulate the adhesion and fusion of sperm and
egg (see Appendix D for gamete-recognition genes sequences; Figure 2-2). These
genes were found in both the reference assembly and in the individual assemblies of
testes (guanylate cyclase, bindin, REJ1, REJ3) and ovaries (EBR1, ARIS1, ARIS2,
ARIS3), respectively. Two of those genes usually only expressed in sea star testes
(guanylate cyclase, bindin; > 1000 TPM) were also unexpectedly strongly expressed
(>100 TPM) in the ovary of one of the three females (Figure 2-6).

The membrane-bound guanylate cyclase in echinoderm sperm is a cell-surface
receptor: it interacts with the peptide pheromone called asterosap that is released by the
egg and functions to attract sperm (Matsumoto et al., 2003; Nishigaki et al., 2000). The
membrane-bound guanylate cyclase is the only guanylate cyclase that has been
confirmed to interact and coevolve directly with asterosap. One transcript
(TRINITY_DN32538 cl1 gl i2, length 3,219 bp) was the top match for guanylate
cyclase when compared to Asterias amurensis (AB070354.1) (see Appendix F for
guanylate cyclase alignment). Similar to the guanylate cyclase of A. amurensis, the
COTS gene encoded a tyrosine kinase catalytic domain (TK) and a guanylyl cyclase
catalytic domain (GC; Figure 2-2) that were separated from the extracellular asterosap-
binding domain by a transmembrane sequence. | found this transcript in the reference

transcriptome, the two male assemblies, and in the female 1 assembly.

Bindin is expressed in the acrosomal vesicle of echinoderm sperm, and the
bindin protein is exposed on the outer surface of the sperm head following the acrosome
reaction; bindin interaction with the egg bindin receptor EBR1 and the other bindin
receptor OBl influences both gamete adhesion and plasma membrane fusion (Foltz et
al., 1993; Hart, 2013; Kamei & Glabe, 2003; Vacquier, 2012). Two transcripts were
found as potential matches to different parts of the bindin gene
(TRINITY_GG_38156 c12 g2 i2, TRINITY_GG_38156_c6 gl il), but the transcripts
appeared to be missing part of the repetitive sections of the expected bindin sequence
(Patifio et al., 2009, 2016), possibly due to errors in assembling repetitive coding
sequences. | found the complete bindin coding sequence by searching the OKI genome,
in which most of the bindin gene (Bindin_oki.118.25.t1) had previously been predicted by
the AUGUSTUS method (Hall et al., 2017). | noted some differences between the gene
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prediction for bindin (from the genome) and the transcripts from our study, which were
resolved in favor of features directly observed in the transcripts (over features that were
inferred by the gene prediction algorithm; see Appendix G for characteristics of bindin
sequence). The bindin coding sequence includes a conserved sighal sequence followed
by a preprobindin motif and an RXRR motif that encodes an enzymatic cleavage site
similar to previously described bindin sequences from other sea star species (Patifio et
al., 2009, 2016). The mature bindin sequence of COTS is composed of repetitive
domains that include collagen-like sequences of many lysine-arginine-glycine-rich
triplets, as in many sea stars, and two types of longer repetitive domains including eight
tandem-repeated copies of a distinctive and long motif ~80 codons in length (type q),
and ten tandem-repeated copies of a shorter motif of 12-14 codons (type r; see Patifio et
al., 2016) (see Appendix G for characteristics of bindin). The mature bindin coding
sequence ends with the highly conserved motif that is strongly similar to the bindin core
domain of sea urchins and other sea stars and is known to encode the peptide that

mediates the fusion of gamete plasma membranes (Glabe, 1985; Ulrich et al., 1998).
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Figure 2.2 Protein domain architecture for eight gamete-recognition genes in
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COTS. Each line and diagram shows the order and approximate
length of protein domain types predicted for a gamete-recognition
gene from Acanthaster cf. solaris, along with the orthologous gene
structure for a closely related species of sea star (Patiria miniata), or
a more distantly related species of sea star (Asterias amurensis).
For genes that have not been previously characterized in sea stars,
the ortholog from a sea urchin (Strongylocentrotus purpuratus) is
shown. Protein domain predictions were based on sequence
comparisons to the SMART and Pfam databases. Protein domain
types: adenylyl/ guanylyl cyclase (GC), ARIS C-terminus (AC), ARIS
N-terminus (AN), bindin (B), coagulation factor 5/8 C-terminal
(FA58C), coiled coil (CC), CUB domain (CUB), eel-fucolectin
fachylectin-4 pentaxrin-1 (FTP), epidermal growth factor-like (EGF),
G-protein-coupled receptor proteolytic site (GPS), immunoglobulin
(IG), kringle (K), lectin C (L), lipoxygenase homology 2 domain (LH2),
low complexity (LC), M12B-type propeptide (MB), polycystic kidney
disease 1 (PKD), receptor for egg jelly (REJ), serine/threonine
protein kinases (TK), transmembrane (TR), thrombospondin type 1
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FA58C

4. cf soloris AR 2€ s 29010

FA58C

4. amurensis {(RRFIEHEH_ac
A. cf. solaris  o[URN = AC === 2256 bp

L.C TR
A amurensis AN ac_ =
LC, 1.C

A.cf solaris  {IANI={ BC =] 22021p
A amurensis  {ERR={_ac_Hi

A. cf.

GC

REJ1

REJ3

Bindin

A. cf. solaris el T 5T 3219 bp
TR
A. amurensis (el TR -
IG EGF  PKD Le GPSTR TR LCTRLCTR c
A. cf. solaris

==~ e

GF c GPS TR
5. purpuratus e T e
LG PKD PKD C GP TR TR Lc TR LCTR
. solarts - el TR ' smas v
S. purpuratus {Fﬁ:ﬁ:{ %@:UQ:'R:W:Q:W

A. cf. solaris

P. miniata

33



Similar to guanylate cyclase, | found bindin transcripts assembled from the ovary
sample of female 1 in addition of the three testis samples from males. Two transcripts
(TRINITY_GG_18363 c5 g1 i1, TRINITY_GG_18363_c2_gl_il) from the
transcriptome of female 1 were strongly similar or identical to bindin transcripts from the
testis transcriptomes (see Appendix H for bindin alignment of male and female
sequences). The expression of guanylate cyclase and bindin in female 1 was surprising
because these genes are only known to be expressed in sperm and have well-
characterized functions in fertilization but not in other cellular processes, and because
we positively identified that tissue sample as ovary (containing only oocytes) and did not
observe testis tissue or sperm in that tissue sample.

| identified two sperm-specific gamete-recognition genes (REJ1, REJ3) that are
orthologs of sea urchin genes encoding the receptors for egg jelly (SUREJ1 and
SuREJ3), along with nine additional predicted genes that contain a conserved REJ-type
protein domain (total of eleven) in the COTS genome (Figure 2; Figure S4). Previous
studies have not reported sequences and protein domain organization of REJ genes
from sea stars. The acrosome reaction in sea urchins is initiated by the interaction
between a sperm receptor (SUREJ1, expressed in the acrosome membrane of the
sperm) and a fucose sulphate glycoprotein polymer in the egg jelly coat (Vacquier &
Moy, 1997).

The REJ1 (TRINITY_GG_18482 c15 gl il) gene structure included two eel-
fucolectin tachylectin-4 pentaxrin-1 domains (FTP) at the amino end of the predicted
protein, followed by an immunoglobulin (IG) domain and three epidermal growth factor-
like domains (EGF), similar to the lectin C and EGF domains in the amino end of the sea
urchin coding sequence (Figure 2). The largest single part of the coding sequence of the
REJ1 transcript was a REJ domain for which the amino acid sequence is highly
conserved across genes and organisms but for which the function is not known. The
carboxyl end of the gene structure included a G protein-coupled receptor proteolytic site
(GPS) and a lipoxygenase homology 2 (beta barrel) domain (LH2) surrounded by
transmembrane helix regions, which are proposed to encode part of an ion channel in
sea urchin and human REJ-containing genes (Gunaratne et al., 2007). The REJ1 gene
structure in COTS is considerably longer (3,134 codons) than the sea urchin gene
(1,464 codons) due to additional coding sequence domains in both ends of the gene. In

spite of those differences in comparison to sea urchin REJ genes, | am reasonably
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confident that this REJ-containing transcript represents the suREJ1 ortholog because it
was the only transcript that included both a REJ domain and an EGF domain similar to
suREJ1 out of the eleven REJ-containing transcripts in our COTS reference assembly

that had significant blast matches to known sea urchin genes.

The REJ3 gene structure (TRINITY_GG_11119 ¢8 gl il) (2,916 codons)
included a GPS and an LH2 domain plus ten transmembrane regions, and was strongly
similar in length (2,916 codons) and arrangement to the sea urchin gene (2,694 codons).
The COTS gene differed from the sea urchin gene in the presence at the amino end of a
lectin C-type domain and two polycystic kidney disease (PKD) repeats not found in
SUREJS.

| found four gamete-recognition gene orthologs in all ovary samples and the
reference transcriptome: ARIS1, ARIS2, ARIS3, and EBR1. The ARIS proteins form a
complex of glycoproteins expressed in the egg coat that participate in the acrosome
reaction after the sperm contacts the egg (Naruse et al., 2011). | found full-length coding
sequences that were strongly similar to each of the ARIS paralogs of Asterias amurensis
and to the partial coding sequences previously described for COTS (Naruse et al.,
2011). The alignments of each of the ARIS genes to those of A. amurensis (see
Appendix | for ARIS alignments) showed strong conservation of amino acids in most of
the alignment, with larger differences in the carboxyl end of the predicted protein. The
ARIS1 gene structure (TRINITY_GG_10398 c12 g1 il) included FA58C and kringle
domains that separated ARIS-N and ARIS-C domains like those of A. amurensis.
Similarly, the ARIS2 and ARIS3 gene structures (TRINITY_GG_31908 c1 g1 i1,
TRINITY_GG_ 32225 ¢25 g1 i2) included ARIS-N and ARIS-C domains like those of
A. amurensis (Figure 2). The only notable difference was that the transmembrane
domains predicted for the carboxyl ends of ARIS sequences for A. amurensis (Naruse et
al., 2011) were not predicted in the ARIS sequences of COTS by the TMHMM algorithm.

| found the egg bindin receptor 1 (EBR1) expressed in each of the ovary
transcriptomes and the reference transcriptome. EBRL1 is a receptor for bindin composed
of repetitive domains that are highly variable (Hart, 2013; Kamei & Glabe, 2003). The
transcript (TRINITY_GG_22397_c47_g3_i2) accounts for 3,296 amino acids of EBR1
covering the complete length of the EBR1 gene from Patiria miniata. | used this
transcript to find the EBR1 gene in the OKI genome. The predicted gene oki.23.112.t1

(length 3,201 amino acids) was nearly identical to the transcripts from this study and had
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the same characteristic predicted protein domains as EBR1 from P. miniata: signal
peptide, M12B propeptide, zinc-dependent metalloprotease domain (ZnMc), epidermal
growth factor-like domain, a series of Thrombospondin type 1 repeats (TSP1), and a
series of paired TSP1-CUB (bone morphogenetic protein) domains. Similar to P. miniata,
the repetitive CUB domains and the TSP1 domains in the COTS gene are highly
variable among repeat copies (Figure 2).

These results suggest that COTS gonads that are visually identified as one sex
may express some genes that are characteristic of the other sex (and have well defined
functions in the gamete of the other sex). To further explore that possibility, |
reassembled the testis RNA-seq data of Stewart et al. (2015) to search for gamete-
recognition genes. | found the expected male-specific gamete-recognition gene
transcripts (bindin, guanylate cyclase), as well as unexpected female-specific genes
(ARIS1, ARIS2, ARIS3, and EBR1; see Appendix J for COTS gamete-recognition genes
reassembled from the RNA-seq data of Stewart et al., 2015). Notably, the three ARIS
transcripts assembled from these testis samples included full-length coding sequences
that were unambiguously identified as orthologs of ARIS genes expressed in ovaries of
COTS and in other sea stars (Naruse et al., 2011). Thus, two independent data sources
indicate nonsex-specific expression of gamete-recognition genes in COTS gonad

transcriptomes (see Appendix H for bindin alignment of male and female sequences).

| was not able to assemble and annotate the gamete-recognition genes OBil and
asterosap. The absence of these genes may be due to assembly problems (associated
with the complexity of repetitive genes like asterosap), similarity to paralogs in large
gene families (such as the heat shock proteins related to OBil), or the small size of
some genes (asterosap). OBil is part of a large gene subfamily (hsp70) with many
similar paralogs (Foltz et al., 1993).

2.3.4. Differential gene expression between ovary and testis

Differential expression (DE) analysis between testis and ovary tissues grouped
by biological repeats showed a total of 672 differentiated transcripts with a minimum p-
value cutoff for FDR of 0.01 and a minimum fold change of 8, including 365 transcripts
that were upregulated in females and 307 that were upregulated in males (see
supplemental information in Guerra et al., 2020). These are unexpectedly small numbers

of differentially expressed transcripts in comparison to other similar studies of male and
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female gonad gene expression in echinoderms (e.g., almost 20,000 differentially
expressed transcripts; Pérez-Portela et al., 2016). Relaxing one of the criteria for
differential expression (e.g., increasing the p-value to .1) increased the number of
transcripts (15,985) that might be differentially expressed but at the cost of reduced
confidence in each identified gene (Figure 2-3). Of the upregulated ovary transcripts,
231 were annotated; and of the upregulated testis transcripts, 248 were annotated. In
upregulated ovary transcripts, several differentially-expressed transcripts with TPM
expression of 1,000 or higher had only hits to uncharacterized COTS genes.
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Figure 2.3

Color Key

Differential expression of 672 male- and female-specific transcripts
in COTS. Columns in the heat map represent biological repeats of
ovary and testis tissues from six individual sea stars, including four
from our study (Female 1, 2; Male 1, 2) and two from Hall et al. (2017)
(Female 3; Male 3). Coloured lines in each column represent
individual transcripts. Colour differences indicate expression
variation among genes within and between tissue types. The
clustering diagram shows grouping of transcripts into sets with
similar expression patterns across samples, including one large set
that is more strongly expressed in females (yellow) than in males
(purple), and a smaller set that is more strongly expressed in males
than in females
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The annotations of the most differentially expressed ovary transcripts were linked
to the microtubule cytoskeleton structure and nucleosome function, and extracellular
space (including ARIS1, ARIS2, and ARIS3; Appendix D). The most differentially
expressed testis transcripts were linked to ATP binding and cytoskeleton structure.
Bindin and guanylate cyclase were highly expressed (above 2,500 TPM), but these
genes were not differentially expressed due to the high expression of these genes in one
female. REJ1 and REJ3 were expressed in males at rates 5- to 10-fold higher than in
females, but TPM values for these genes were relatively lower (TPM ~ 20 in males vs.
TPM ~ 3 in females) than the high TPM values observed for bindin and guanylate
cyclase

2.3.5. Histological evidence for hermaphroditic individuals

My Japanese colleagues found three COTS individuals that were histologically
hermaphroditic, with both male and female gametes in the same gonad (Figures 2-4, 2-
5). In an individual identified morphologically as a female due to the presence of large
mature ovaries filled with oocytes, we also found areas of spermatogenic epithelium and
spermatozoa in the lumen beside the oocytes (Figure 2-4a). In another individual that
was identified morphologically as a male due to the presence of large testes filled with
spermatozoa, we found oocytes scattered in the gonad lumen among sperm (Figure 4b).
In such individuals, most of the lobes of the gonad were devoted to one sex, but a small
proportion of gonad lobes (Figure 5a) also contained gametes of both sexes. The size of
oocytes (100-150 ym diameter; Figure 5b), similar to that previously reported for female
COTS from southern Japan, and the morphological appearance of sperm (including
round sperm heads ~2 um in diameter; Figure 5c), were both consistent with the
interpretation that hermaphrodites were capable of ovulating full-sized functional oocytes
and were capable of spawning functional spermatozoa. The relatively small portion of
male or female gametogenic tissue in gonad sections of the hermaphrodites was
consistent with the two instances | identified of testis-specific gene expression in an
individual with morphological ovaries (female 1 in my study) and of ovary-specific gene
expression in at least one individual with morphological testes (in the pooled testis library
by Stewart et al., 2015).
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Figure 2.4

Histological sections showing development of male and female
gametes in hermaphrodites (a, b) and in male (c) or female (d)
individuals. Hermaphrodites included individuals with male gametes
developing in an ovary (a) and others with female gametes
developing in a testis (b). Samples were collected in June and July
2018 at Nishidomari, Otsuki, Kochi Prefecture. Histology and
micrographs by S. Adachi and M. Nakamura. oc, oocyte; se,
spermatogenic epithelium; sp, spermatozoa
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Figure 2.5

Histological sections showing details of hermaphroditic gamete
expression in an otherwise mostly “female” individual (a) in which
most of the lobes of the ovary contained only oocytes, but some
were hermaphroditic structures containing both oocytes and
spermatozoa. Hermaphroditic gonad lobes (b) included both oocytes
and spermatozoa. Individual spermatozoa had spherical heads each
~ 2 um in diameter (c). Boxes in (a) and (b) show areas of detail
illustrated at higher magnification in (b) and (c). Sample was
collected in June 2018 at Nishidomari, Otsuki, Kochi Prefecture.
Histology and micrographs by S. Adachi and M. Nakamura. h,
hermaphroditic gonad lobe; oc, oocyte; ov, ovarian lobe; sp,
spermatozoa

500 pm
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2.3.6. Barcode identification of Acanthaster cf. solaris

The genealogical analysis found four haplotype networks separated from each
other by genetic distances greater than the 95% parsimony connection limit (10 steps;
see supplemental information in Guerra et al., 2020). Those four networks corresponded
to the four provisional species (and the four Biological Index Numbers or BINS) reviewed
by Haszprunar et al. (2017). The COI coding sequences from the four individuals in my
study were grouped with the coding sequence from the complete mitochondrial genome
in a large and diverse network that included 28 haplotypes. The most common of those
haplotypes (n = 34 individuals) occurred in three of the four individuals in my study, and
in a geographically diverse group of individuals from other sites in the western Pacific;
the fourth individual in my study differed from the others by a single C-to-T transition.
Individuals in that network were grouped in the same BIN (AA1630) corresponding to the

provisional name Acanthaster cf. solaris (see Haszprunar et al. (2017)).

2.4. Discussion

| identified a suite of sex-specific gamete-recognition genes in the ovary and
testis transcriptomes of COTS, enriching the catalog of sequences for these genes in
sea stars including two genes (REJ1 and REJ3) not been previously described in
Asteroidea. For A. cf. solaris, | characterized genes that encode proteins involved in
sperm-egg interaction mediated by sperm chemoattraction, activation, and binding to the

egg coat

2.4.1. Gamete-recognition genes

Guanylate cyclase is expressed in the sea star sperm tail and binds to asterosap,
a sperm chemoattractant peptide released by the egg coat (Matsumoto et al., 2003;
Nishigaki et al., 2000). The guanylate cyclase of COTS has a coding sequence
organization similar to that of the sea star Asterias amurensis. However, there are amino
acid differences between this gene in these two species, including substitutions in the
extracellular domain that encodes the asterosap binding site (see Appendix F for

guanylate cyclase alignment). The extracellular domain (but not the intracellular domain)
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of guanylate cyclase is also highly divergent between closely related sister species of
Ophioderma brittlestars (Weber et al., 2017).

| did not isolate asterosap from ovary transcripts, although its presence was
expected. Asterosap is a short peptide encoded by a series of repetitive motifs that are
transcribed and translated together, then post-translationally cleaved into small
functional peptide units that are secreted into the egg coat (Nishigaki et al., 1996). If
asterosap evolves under concerted evolution of repeats, similar to that seen for
repetitive regions in bindin (Patifio et al., 2016), then among-species differences in gene
structure may limit the ability to identify asterosap in COTS by comparison to genes from
distantly related species.

Sperm capacitation and the acrosome reaction in sea stars are mediated by the
interaction between REJ proteins on the sperm head and ARIS glycoproteins in the egg
coat (Hoshi et al., 2012) In sea urchins, SUREJ1 expressed in the sperm head interacts
with a fucose sulphate polymer (FSP) in the egg coat that induces the acrosome
reaction (Vacquier & Moy, 1997). A second member of this gene family, SUREJ3
expressed in the sperm plasma membrane, also appears to be involved in the acrosome
reaction (Neill et al., 2004; Neill & Vacquier, 2004). Positive selection on codons in the
N-terminus region of suUREJ1 and suREJ3 is an important mechanism underlying
species divergence in sea urchins and may play a role in the origin or maintenance of
reproductive isolation (Mah et al., 2005; Pujolar & Pogson, 2011). The localization of
positive selection to the N-terminus of REJ proteins is functionally significant because
that domain encodes the FSP-binding site (Vacquier & Moy, 1997).

The COTS testis transcriptome included an ortholog for suREJ1, the first REJ
gene to be characterized in sea stars. It is notable that COTS REJ1 differs in both gene
architecture and amino acid sequence from suREJ1, including differences in the type
(but not the number) of lectin domains (see also Weber et al., 2017). Selection acting on
the functional properties of that N-terminus region may be responsible for these protein
domain differences and warrants further study among sea star species, especially

across the clade of closely-related Acanthaster species.

The COTS ovary transcriptome included three homologous ARIS genes that
encode the acrosome reaction-inducing substance. These were similar to the ARIS
genes of Asterias amurensis (Naruse et al., 2011), including conserved ARIS N-terminus
and ARIS C-terminus domains. The ARIS1 gene of COTS encoded two additional
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conserved domains, FA58C and KD, suggested to be involved in the interaction of
ARIS1 with other ARIS proteins in several other species (Naruse et al., 2011). Although
ARIS1 alone can initiate the acrosome reaction in sea stars in the laboratory, this
reaction normally occurs only when ARIS1 is expressed together with ARIS2 and ARIS3
(Hoshi et al., 1994; Naruse et al., 2011). Glycosylated sites on ARIS proteins may play a
role in the acrosome reaction of sea star sperm similar to the role of FSP in sea urchins.

Although the ARIS receptor has not been identified for sea star sperm, it seems
likely that this is a role for COTS REJ1 and REJ3 identified from the testis transcriptome.
At least nine additional genes with REJ domains are present in the OKI genome (see
Appendix K for domain architecture comparison among eleven predicted receptors for
egg jelly genes). Each of these genes is found in a different scaffold. All 11 genes share
part of their protein architecture with the 10 REJ genes of sea urchins and the PKD
genes of humans (Gunaratne et al., 2007).

The architecture of COTS bindin, including distinctive repeat motifs flanked by a
conserved nonrepetitive region at each of the predicted N- and C-terminus regions, was
similar to other echinoderms in which bindin functions in sperm binding to receptors on
the egg (Patifio et al., 2009, 2016; Vacquier & Moy, 1977). Although the organization of
the COTS bindin coding sequence was similar to that of other sea stars, the repeat
motifs were species-specific. These differences probably arise by concerted evolution
(Patifio et al., 2016; Vacquier, 1998). This gene in COTS is the longest bindin coding
sequence reported from a sea star due to the length of the q repeat motifs, and the
number of copies of the g and r repeats. Unlike other sea stars, in which the bindin
coding sequences include alternating collagen-like repeats interspersed with one or
more copies of longer repeat types, COTS bindin was organized into a single collagen-
like domain of many KRG-like triplets followed by a single long domain of many g- and r-
type repeats. In this respect, this gene was more similar to bindin in Evasterias troschelii
(Order Forcipulatida) than to asterinids or other members of the Order Valvatida (see

Patifo et al., 2016) to which COTS are more closely related.

The homolog for the egg bindin receptor EBR1 in COTS has a coding sequence
organization similar to EBR1 of the sea star Patiria miniata and that of sea urchins. This
includes several nonrepetitive domains in the 5’ end of the coding sequence, a series of
TSP1 repeats, and a series of paired TSP1-CUB domains (known as core EBR repeats;

Kamei & Glabe, 2003) that make up the 3’ end of the gene. Unlike P. miniata, there is no
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predicted EGF domain in the nonrepetitive region upstream of the TSP1 repeats in
COTS EBRL1. In sea urchins, most of the EBR1 coding sequence consists of TSP1 and
core EBR repeats in Mesocentrotus franciscanus, but the 3’ end of EBR1 in
Strongylocentrotus purpuratus consists of several HYR-like domain repeats. This major
difference in EBR1 between sea urchins is linked to species-specificity of sperm binding
(Kamei & Glabe, 2003). More EBR1 sequence data from other sea star species are
needed to understand the possible functional or evolutionary significance of these
differences and potential for species-specific features. This is a good candidate to
investigate the divergence among Acanthaster species, an important problem that

remains unresolved.

2.4.2. Evidence of non-sex-specific gene expression

| found evidence of nonspecific expression of some gamete-recognition genes,
including expression of bindin and guanylate cyclase in one of the ovary transcriptomes
(Figure 2-6). This result is surprising because these genes are only known to be
expressed in testes, and because they have well-understood functions in male
reproduction in echinoderms (Hirohashi et al., 2008). Similarly, | found four female-
specific gamete-recognition genes (ARIS1, ARIS2, ARIS3, EBR1) in the pooled testis
transcriptome generated by Stewart et al. (2015). These authors also reported a partial

coding sequence similar to EBR1 in that transcriptome.
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Figure 2.6 Summary of sex-specific expression patterns for eight gamete-
recognition genes in COTS. Bar graphs show expression profiles for
ovary- or testis-specific genes in gonad tissue samples from our
study (Female 1, 2; Male 1, 2) and from Hall et al. (2017) (Female 3;
Male 3). The height of each bar shows expression (as TPM) for each
of the genes in each gonad sample. The dashed line shows TPM =4,
Note the nonspecific, low level of expression for several testis or
ovary genes in most samples of the other sex, plus the high level of
expression for two testis-specific genes (bindin, guanylate cyclase)
in one female
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The expression of sex-specific gamete-recognition genes in the gonads of the
opposite sex suggest that COTS individuals may occasionally develop as
hermaphrodites in which a gonad that appears to be morphologically of one sex (and
expresses genes that are characteristic of one gamete type), like the individuals in our
study, also includes gametes of the other sex (and expresses genes that are
characteristic of the other gamete type). My colleagues and | confirmed this
interpretation by finding multiple individuals identified as one sex based on overall gonad
anatomy were actually hermaphrodites as revealed by gonad histology.
Hermaphroditism is a fixed trait in some asterinid sea stars in which each gonad is an
ovotestis, but the extent of hermaphroditism can be variable: some gonads with both

sexes expressed can be predominantly male or predominantly female, including the
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presence of microhermaphrodites with ‘ovaries’ containing a minute amount of sperm
(Byrne, 1996, 2005; Byrne & Cerra, 1996) that can generate progeny by self-fertilization
(Barbosa, Klanten, Jones, & Byrne, 2012). Similarly, in normally gonochoric asterinids
each gonad can appear to be uniformly one sex but with small patches of tissue
consisting of the other sex (Byrne, 1992). Hermaphroditic individuals are well known to
occur in other echinoderm species that are typically gonochoric (Byrne, Hart, Cerra, &
Cisternas, 2003; Komatsu, Kano, Yoshizawa, Akabane, & Oguro, 1979; Komatsu &
Oguro, 1972; Lawrence, 1987; Moore, 1932, 1935; Yamaguchi & Lucas, 1984).

Although it is not known whether COTS hermaphrodites are self-fertile, selfing is
common in hermaphroditic echinoderms (Barbosa et al., 2012), and eggs surrounded by
a fertilization envelope are occasionally released by COTS ovaries (M. Byrne, personal
observation). If ovotestes are predominantly one sex, hermaphroditism would be difficult
to detect on visual inspection of massive gonads such as those produced by COTS. The
hermaphroditic region of the COTS gonads we observed in histological sections was
small, but consistent with the possibility that facultative hermaphrodites may self-fertilize
eggs. Ovotestes may be more likely to be discovered using molecular screening
because the examination of serial histological sections would be impractical for such

massive gonads.

My results show hermaphroditic expression of gamete-recognition genes in two
of the three published analyses of COTS gonad transcriptomes (Stewart et al., 2015,
and this study; but not Hall et al., 2017). Although previous histological studies have not
reported ovotestes in COTS, a re-examination of histological sections from previous
studies might reveal additional cases of hermaphrodites, and could be used to estimate

the prevalence of hermaphrodites in other population samples.

2.4.3. Ecological and evolutionary significance of hermaphrodites

The unexpected finding of hermaphrodites among COTS has implications with
respect to our understanding of the reproductive biology of these ecologically important
predators and for the application of simulation models of reproductive success and
source-sink connectivity networks to the understanding of population outbreaks (Hock et
al., 2014; Rogers et al., 2017). The presence of hermaphrodites and the observation of
eggs released by isolated females with a fertilization envelope (M. Byrne, personal

observation) may explain some cases of apparent long-distance fertilization of COTS
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eggs released up to 100 m downstream of a spawning male (Babcock, Mundy, &
Whitehead, 1994). Such cases run counter to the paradigm of variable fertilization rates
in the sea, in which low fertilization rates for eggs released more than ~ 1 m from sperm
are caused by low sperm density and decreased sperm-egg contacts (Levitan, Sewell, &
Chia, 1992; Pennington, 1985). Isolated females of the sea star Patiria miniata also
occasionally release eggs with a fertilization envelope and these develop into functional
larvae and juveniles (Sunday, Raeburn, Stewart & Hart, 2009). As in COTS, gross
examination of the gonads of these “female” P. miniata did not reveal evidence of testis
tissue. The molecular and histological evidence for hermaphroditism in COTS suggests
that facultative hermaphrodites may be more common in normally gonochoric sea stars
than has been previously appreciated, and points toward potential for phenotypic
plasticity in sex determination in some sea star species. Comparable discoveries
involving reproductive traits and potential for flexible propagation in the absence of a
mate are important in our understanding of the population dynamics, ecology and
conservation of other top predators including snakes (Booth & Schuett, 2016) and
sharks (Chapman et al., 2007).

If hermaphrodites are more common than expected and if such individuals are
self-fertile, then reproductive assurance through self-fertilization (Jarne & Auld, 2006) in
COTS could be added to the growing list of life history traits (e.g., larval cloning; Allen et
al., 2019) that are likely to facilitate high reproductive success, and the boom-and-bust
nature of the population outbreaks that decimate coral reefs. The interpretation of
facultative hermaphroditism in COTS as a potential adaptation depends on the
phylogenetic context: in taxa such as sea stars in which most species are gonochoric
outcrossers, the occurrence of facultative hermaphrodites is evolutionarily derived and
might be considered an adaptation. But in other gonochoric species (e.g., the pelagic
tunicate Oikopleura dioica) that occur in taxa (Appendicularia) that are typically
hermaphrodites (Deibel & Lowen, 2012), the occurrence of facultative hermaphrodites in
some individuals might be interpreted as an atavism rather than an adaptation. | do not

know of cases of this second type of facultative hermaphroditism.

Given the high fecundity of individual COTS, self-fertilization of even a small
proportion of eggs might contribute to maintenance and buildup of preoutbreak
populations. Reproductive assurance might be especially important if the tendency to

develop as a hermaphrodite is associated with local scarcity of COTS under
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nonoutbreak conditions. The adult secretome of COTS includes peptide pheromones
that diffuse in seawater and affect movement and aggregation behaviour by conspecific
individuals (Hall et al., 2017). | speculate that the absence of such pheromone signals
(for isolated individuals) also conveys important ecological information (that no spawning
partners are nearby), and could promote the development of hermaphroditic gonads and
self-fertilization. Such a capacity for facultative reproductive assurance would greatly
enhance the reproductive potential of COTS populations at low spatial density. Field
surveys (perhaps combined with re-examination of histological sections from previous
studies) are needed to document and quantify the geographic extent and frequency of
hermaphrodites; those new surveys could use a combination of spawning assays,
histology, or molecular methods such as qPCR or protein mass spectrometry to detect
gene expression products. New experimental work is also needed to test the hypothesis
that local conditions (especially population abundance) influence sex ratio and the
tendency to develop as a hermaphrodite.
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Chapter 3.

Selection on genes associated with the evolution of
divergent life histories: Gamete recognition or
something else?

Abstract

Gamete compatibility, and fertilization success, is mediated by gamete-
recognition genes (GRGSs) that are expected to show genetic evidence of a response to
sexual selection associated with mating system traits. To assess these expectations, |
compared patterns of episodic diversifying selection among genes expressed in the
gonads of Cryptasterina pentagona and C. hystera (found in the upper intertidal of the
coast of Queensland and atolls of the Great Barrier Reef), which recently speciated
(<10,000 years ago) and have evolved different life history traits including mating
systems (gonochoric or hermaphroditic), modes of fertilization, and larval dispersal. |
found some evidence for positive selection on a GRG in the outcrossing C. pentagona,
and | found evidence of loss of gene function in a GRG of the self-fertilizing C. hystera.
The modification or loss of gene functionality may be evidence of relaxed selection on
some aspects of gamete interaction in C. hystera. In addition to GRGs, | also found
genes under selection linked to abiotic stress, chromosomal regulation, polyspermy, and
egg laying. | interpret those results as possible evidence that Cryptasterina spp. may
have been adapting in divergent ways to oxidative stress or other factors associated with

reproduction in the physiologically challenging environment of the high intertidal.

KEYWORDS

Cryptasterina hystera, Cryptasterina pentagona, RNA-seq, selection, brooding
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3.1. Introduction

Evolution of mating systems and other life history traits can impact the strength of
sexual selection and the way in which reproductive genes diverge (Levitan, 2008; Patifio
et al., 2016). Understanding these differences can help us better understand the
evolutionary mechanisms leading to reproductive isolation and speciation. One response
to strong sexual selection, driven by male competition and male-female conflicts, is the
accumulation of amino acid differences in genes regulating sperm-egg interactions
under positive selection (Frank, 2000; Hart, 2013). Over time, the accumulation of
genetic differences in gamete-recognition genes is expected to lead to reproductive
isolation (Gauvrilets & Hayashi, 2005; Palumbi, 1999). Particularly good evidence for this
effect comes from comparisons between species that have evolved different modes of
reproduction, such as self-fertilization instead of outcrossing, in which the strength of
sexual selection is expected to differ due to the resolution of male competition or male-
female conflicts (Charlesworth, 2006; Patifio et al., 2016).

In mating systems in which sperm competition and sexual conflicts of interest are
strong, sexual selection is expected to favor the evolution of novel male and female
gamete traits that confer advantages on males (in competition with sperm of other males
for fertilization) and on females (in defense against fatal polyspermy of eggs). Because
these sexual selection processes act on males and females within populations, the
response to selection (coevolved combinations of sperm- and egg-expressed gamete-
recognition genes) may differ between populations. As a result, reproductive isolation
between populations can evolve as a secondary outcome of sexual selection within each
population (Levitan, 2006; Palumbi, 1999). Parts of this model of speciation by sexual
selection can be tested by comparing patterns of molecular evolution among species or
lineages with different mating systems (Weber et al., 2017). Species with mating system
traits in which sexual selection is expected to be less intense (sperm competition is
reduced, or sexual conflicts between the sexes are resolved due to shared interest;
Palopoli et al., 2015, Patifio et al., 2016) should show a weaker response to selection on
gamete-recognition genes (GRGSs) involved in sperm-egg interactions in comparison to
other species or lineages with mating system traits that are associated with intense
sexual selection (strong sperm competition, unresolved sexual conflicts of interest over

fertilization rates) (Palumbi, 1999; Patifio et al., 2016). If the effects of mating system
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evolution are specific to gamete-recognition (and sexual selection), then the evidence for
a response to selection on other types of genes not involved in sperm-egg interactions
should be similar between species or lineages with different mating systems. Such
effects should be clearest in comparisons between closely related lineages with few

other phenotypic or ecological differences other than mating system traits.

Here | analyze evidence of selection acting on genes that mediate sperm-egg
interactions in closely-related sister species of sea stars from Australia. Cryptasterina
hystera recently diverged (<10,000 years ago) from C. pentagona through disruptive
selection in peripatry (Puritz et al., 2012). Cryptasterina hystera rapidly evolved to be
hermaphroditic, with internal self-fertilization, brooded development of offspring, and live
birth of juveniles (Puritz et al., 2012), whereas Cryptasterina pentagona is gonochoric,
with broadcast spawning, outcrossing, and planktonic dispersal of larvae (similar to most
other asterinid sea stars). A recent sea star study that focused on one gamete-
recognition gene (encoding the sperm acrosomal protein bindin) showed greater
evidence of a response to selection (positive selection leading to high rates of amino
acid change) in two genera of sea stars in which all species are gonochoric outcrossers
in comparison to two genera (including Cryptasterina) with species capable of selfing
(Patifio et al., 2016). This result indicates that selection may act differently on gamete-

recognition genes of species that have mating systems with reduced sexual selection.

Gamete compatibility and specificity of fertilization in sea stars and other
echinoderms are mediated by a suite of GRGs that encode proteins involved in a series
of gamete interactions that include sperm activation and chemotaxis (mediated by the
egg pheromone asterosap, a guanylate cyclase receptor in sperm), the acrosome
reaction (ARIS proteins in the egg coat, and REJ proteins in sperm), sperm—egg binding
mediated by bindin and its interactions with egg bindin receptors, and egg activation
including the fast and slow blocks to polyspermy (Hirohashi et al., 2008). Although some
of these key steps in fertilization shared across metazoans were discovered in
echinoderms, not all of the signaling molecules involved in these key steps have been
identified in echinoderms, and much of our knowledge of fertilization biology in
echinoderms is restricted to a few well-studied species (Wozniak & Carlson, 2020).
Consequently, studies of the molecular evolution of GRGs among echinoderm species
have developed slowly by extending comparative studies from a few well-studied taxa to

their close relatives. Those comparative studies, using population genetic and
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phylogenetic methods (Harper & Hart, 2005; Hart et al., 2014; Patifio et al., 2016;
Sunday & Hart, 2013; Zigler et al., 2005), suggest that changes to these signaling
pathways can lead to the evolution of prezygotic reproductive isolation (Palumbi, 1999;
Zigler et al., 2005).

Here | extend the comparison of GRGs from a single gene or set of coevolving
genes to analysis of evidence for selection on any of the GRGs involved in multiple
phases of the fertilization process in Cryptasterina species. | looked for evidence of a
response to selection on GRGs and on other genes expressed in gonads and gametes,
and use those results to explore other possible sources of selection on traits that may
have been associated with the evolution of reproductive isolation between Cryptasterina
species with different mating systems.

| found surprisingly little evidence for GRGs as an especially important target of
selection in divergence between Cryptasterina species, so | explored other evidence for
selection acting on other classes of genes also expressed in gametes and gonads. One
alternative hypothesis to divergence of the Cryptasterina species by GRG evolution
focuses on genes that might mediate interactions with the intertidal environment.
Although the two species have few morphological differences, they live in different
habitats: Cryptasterina pentagona is found in high-intertidal cobble habitats along the
coast of Queensland; Cryptasterina hystera is found in high-intertidal cobble or coral
rubble habitats of southernmost Queensland and some atolls of the Great Barrier Reef
(Byrne & Walker, 2007) (Figure 3-1). Cryptasterina hystera likely diverged from C.
pentagona after a range expansion event that left the ancestors of C. hystera
geographically isolated in a new environment (Puritz et al., 2012). Life under cobble in
the high intertidal zone may provide a suitable habitat in the form of protection from UV
irradiation and sediment, but may also be associated with abiotic stressors such as
hypoxia, dehydration, high temperatures, and salinity changes (Giraud-Billoud et al.,
2019). | found some intriguing evidence for these other environmental interactions
(rather than gamete interactions) as possible sources of selection acting on genes
expressed in gonads that might be associated with divergence between Cryptasterina

species, and discuss the possible ecological significance of those discoveries.
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Figure 3.1  Cryptasterina habitat including (A) a coral rubble bank on One Tree
Island, Great Barrier Reef, Australia, (B) Cryptasterina hystera on the
underside of coral rubble, and (C) Cryptasterina pentagona on the
underside of rock cobble

3.2. Methods

3.2.1. Sample collection and RNA-seq library construction

Individuals of Cryptasterina pentagona were collected from an intertidal locality in
northeastern Australia at Kissing Point (19°13’S, 146°48’E) on the coast of Queensland,
and individuals of C. hystera from backreef habitats on One Tree Island (23°30’S,
152°05’E) on the Great Barrier Reef. Gonads from nine individuals (two male C.
pentagona, three female C. pentagona, four C. hystera) were dissected in the laboratory,
fixed in RNAlater, and shipped to ARQ Genetics (Bastrop, Texas, USA) for RNA
extraction. Total RNA was then sent to the British Columbia Cancer Agency Genome
Sciences Centre (Vancouver, British Columbia, Canada) for stranded RNA-seq library

construction and 75-base paired-end sequencing on an lllumina HiSeq instrument.

3.2.2. Transcriptome assembly

The raw paired-end libraries were first filtered with Trimmomatic v. 0.32 (Bolger
et al., 2014) using the default settings of Trinity v. 2.6.5 (Grabherr et al., 2011) to
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remove low-quality bases and sequences. The overall quality of the reads was assessed
with the default settings of FastQC tool v. 0.11.3

(http://www.bioinformatics.babraham.ac.uk/projects/fastgc/). There is no genome

available for Cryptasterina spp., so a de novo reference transcriptome was built with the
cleaned, pooled, and normalized reads from all RNA-seq libraries using the default
parameters in Trinity v. 2.6.5 (Grabherr et al., 2011). In addition to the reference
transcriptome, individual transcriptomes were assembled with Trinity for each of the nine
libraries following the same steps.

3.2.3. Quality assessment and functional annotation

The quality of the de novo reference transcriptome was assessed by counting the
number of transcripts with a reference match and by estimating the percent coverage of
transcripts to matched reference sequences. Two comparisons were done using the
Acanthaster planci reference transcriptome from NCBI and the UniProt reference
database (Apweiler et al., 2012). Each comparison was done with blastx using a
minimum expectation score of e = 1 x 10%° to capture the hits with the highest
similarities. The percent coverage of the best hits was calculated using the perl program
analyze blastPlus_topHit_coverage.pl from the Trinity v.2.6.5 toolkit (Grabherr et al.,
2011). Contig length and characteristics of the reference transcriptome were calculated
using the perl program TrinityStats.pl from the Trinity v.2.6.5 toolkit (Grabherr et al.,
2011). Functional annotation of the reference transcriptome followed the Trinotate v.3.0
annotation steps (https://trinotate.github.io/; Haas et al., 2013).

Annotation of gamete-recognition genes

In addition to these functional annotations, | identified orthologs of specific GRGs
by searching the reference transcripts with BLAST+ (Altschul et al., 1990) against a
custom database (see Appendix L for the reference sequences of gamete-recognition
genes) populated with echinoderm GRGs using a cutoff value for expectation scores of e
=1 x 10° or lower. The protein domains of the hits were then predicted with SMART
(Schultz et al., 1998).
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3.2.4. Differential expression analyses

To confirm the biological groups and perform a differential expression analysis (a
step necessary to confirm that the tissues come from individuals in a similar biological
state), | first quantified the transcript abundance. The Trinity v. 2.6.5 (Grabherr et al.,
2011) perl program align_and_estimate_abundance.pl was used to perform an
alignment-based quantification with the RSEM abundance estimation method, and a
matrix count was built with the perl program abundance_estimates_to_matrix.pl. The
results were then used to identify biological groups with the perl program PtR from
Trinity that generates expression matrix comparisons and a principal components
analysis (PCA). The identified biological groups were then compared to each other to
find differentially expressed genes with the perl program run_DE_analysis.pl and
analyze diff_expr.pl in Trinity using the edgeR method and a false-discovery rate (FDR)
of eight-fold or greater with a p-value less than 0.01. The differentially expressed (DE)
genes were further divided into gene clusters using the perl program

define_clusters_by cutting_tree.pl in Trinity.

3.2.5. Orthologous gene identification and alignment

| first compiled a set of aligned orthologous genes each consisting of the two
gene copies for a single gene from each of the nine Cryptasterina spp. individuals. The
program OrthoFinder (Emms & Kelly, 2015) with the option for multiple sequence
alignment was used to find orthogroups from each individual in two combinations: C.
hystera individuals plus C. pentagona females (called the female gene set); and C.
hystera individuals plus C. pentagona males (male gene set). Orthology analysis is
sensitive to the presence of unresolved isoforms, and picking the incorrect isoform
(perhaps because the correct isoform was not present in an individual or transcriptome)
can result in inaccuracies in the selection analysis. For this reason, | modified the
pairwise analysis of OrthoFinder to retain from the assemblies only candidate orthologs
with a percentage length coverage of at least 90% and a minimum expectation score of
e=1x10%,

Single-copy genes present in all nine Cryptasterina spp. individuals were used
for downstream analysis. The final results were populated with phased data (for the two

gene copies from each individual sea star) acquired by following the GATK best

66



practices workflow for RNAseq (https://gatk.broadinstitute.org/hc/en-us) and the default

filtering settings of the perl program run_variant_calling.py from Trinity v. 2.6.5 (Grabherr
et al., 2011). The phased haplotypes for each orthogroup (consisting of 8 C. hystera
haplotypes and 6 C. pentagona haplotypes for each orthogroup in the female gene set,
or 8 C. hystera haplotypes and 4 C. pentagona haplotypes in the male gene set) were
then aligned with the perl program translatorx_vLocal.pl (Abascal et al., 2010) using the
default MUSCLE option for protein alignments, and the stop codons were removed using
the program PAL2NAL (Suyama et al., 2006). A neighbor-joining tree was then
constructed with the program NINJA (Wheeler, 2009) for each alignment in preparation
for positive selection analyses in HyPhy (Pond et al., 2005) that map sequence variation
onto a gene tree.

3.2.6. Selection analyses

The aligned orthogroups were then analyzed with three selection tests. | used
MEME (Murrell et al. 2012) to identify signatures of positive selection events (episodic
diversifying selection) in individual sites in each alignment. | used aBSREL (Smith et al.
2015) to identify signatures of positive selection in individual branches. These two
branch-sites models provide complementary insight into selection acting on a coding
sequence alignment, one focused on sites in the alignment and the other focused on
lineages or branches in the gene tree. For the subset of genes with at least one lineage
under episodic diversifying selection in aBSREL, | also characterized the alignment-wide
evidence for selection on each gene using the McDonald—Kreitman (MK) test (Egea et
al., 2008; McDonald & Kreitman, 1991).

3.3. Results

3.3.1. Transcriptome assemblies, annotations, and expression

The reference assembly was composed of 525,005 transcripts (286,387 genes),
of which 95,355 were annotated (see Appendix M for summary statistics for the
reference transcriptomes and Appendix N for the transcript length of reference
transcriptome and annotated transcripts). At 90%, 80%, and 70% query coverage,

11,446, 12,463, and 13,388 transcripts were found with the A. planci reference
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respectively (see Appendix O for counts of query coverage). Similarly, | found 5553,
6757, and 7834 transcripts with the UniProt reference respectively (see Appendix O for
counts of query coverage). Annotated genes included novel signaling proteins for sea
stars, such as TIMP3, TRPC4-6, ANO4/TMEM16, CLCA1-2, KCNKA, HVCNL1 in the
oocyte and TRPC2, OTOP, PIEZO1, NALCN, CatSper, CLCA, HCN1-4, KCNK2 or
TREK-1, KCMAL1 in the sperm. A principal components analysis (PCA) confirmed that
each individual clustered with their corresponding group, either the hermaphroditic C.
hystera, or the gonochoric C. pentagona males or C. pentagona females (Figure 3-2).
The expression of GRGs (see Appendix P with the list of the most expressed annotated
DE transcripts) was consistent with that result and with the gonad types of each
individual: hermaphroditic gonads of C. hystera showed expression of GRGs that are
characteristic of both sperm and eggs; and the gonochoric testes or ovaries of C.
pentagona showed expression of either sperm- or egg-specific GRGs but not both (see
Guerra et al., 2020).
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Figure 3.2

(A) Principal component analysis (PCA) of all nine Cryptasterina
individuals. The yellow circles represent the four C. hystera
hermaphrodites, the blue circles represent the two C. pentagona
males, and the brown circles represents the three C. pentagona
females. (B) Venn diagrams of orthologous genes present in each
individual or shared among individuals in each gene set. Left
Female gene set showing the number of genes from four C. hystera
individuals (yellow leaf), three C. pentagona females (brown leaf),
shared orthologous genes (large orange circle), shared orthologous
genes with evidence of episodic diversifying selection (medium
orange circle), and genes under selection in the McDonald-Kreitman
test (small dark orange circle). Right Male gene set showing the
number of genes from four C. hystera (yellow leaf), two C.
pentagona males (blue leaf), shared orthologous genes (large green
circle), shared orthologous genes with evidence of episodic
diversifying selection (medium green circle), and genes under
selection in the McDonald-Kreitman test (small dark green circle)
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Differential expression analysis of the gonadal tissues of the two Cryptasterina
species showed a higher number of differentially expressed transcripts between C.
hystera and either the male or female transcripts of C. pentagona than between male
and female C. pentagona (see Appendix P-T for differential expression summary). A
total of 41,581 transcripts were differentially expressed between C. hystera and female
C. pentagona, and 28,337 transcripts were differentially expressed between C. hystera
and male C. pentagona. A total of 2,286 transcripts were differentially expressed
between the male and female tissues of C. pentagona. Additional information on the
differential expression analysis and polymorphism is found in the supplement (see
Appendix Q-U for differential expression analysis and SNPs of individuals summary).

OrthoFinder identified 1628 orthogroups that were expressed in both C.
pentagona males and in all C. hystera (the male gene set), including some that were
also expressed in females (Figure 3-2). Similarly, OrthoFinder found a set of 1941
female genes that were expressed in all C. pentagona females and in all C. hystera (the

female gene set).

3.3.2. Episodic diversifying selection on gamete-recognition genes

| found two GRGs in the female gene set (the two bindin receptors EBR1 and
OBil). Neither of these genes had branches in the gene trees with evidence of episodic
diversifying selection in aBSREL, and neither showed evidence of alignment-wide
selection in the MK test. The reference sequence for EBR1 was 3310 amino acids in
length (see Appendix V with alignments of GRGs and reference transcriptome deposited
in the public Research Data Repository (RADAR)). EBR1 from C. hystera had a stop
codon at site 391 leading to a truncated predicted amino acid sequence; | found no
EBR1 nucleotide variation among C. hystera haplotypes from four individuals. By
contrast, | found 9-88 pairwise nucleotide differences among EBR1 gene copies from

three individuals of C. pentagona.

The reference sequence for OBil was 897 amino acids long. Similar to EBR1, |
found no nucleotide variation in C. hystera, and 9-42 pairwise nucleotide differences
among C. pentagona gene copies. MEME found one site under positive selection in
OBIl (codon 430) within the predicted HSP70-like domain in Pfam and next to the beta
barrel in the substrate-binding region (see Appendix W with schematic diagram of coding

sequences of the gamete-recognition genes of Cryptasterina). | did not find any of the
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ARIS genes (ARIS1, ARIS2, or ARIS3) with the targeted blast searches using previously
annotated ARIS genes. This was surprising because the ARIS genes are highly
expressed in eggs (Guerra et al., 2020; Hart & Foster, 2013). The absence of all three

ARIS genes could indicate a pseudogenization event.

Four other GRGs were identified by BLAST comparison of the reference
transcriptome to my custom database of echinoderm GRGs (guanylate cyclase or GC,
which encodes the sperm receptor for the egg chemoattractant asterosap; REJ1 and
REJ3, which encode the sperm receptors for the ARIS complex in the egg jelly coat; and
bindin), and all had close resemblance to gamete-recognition genes from Acanthaster
planci or Patiria miniata. Only one had evidence of episodic diversification with aBSREL
(REJ1), and none showed evidence of alignment-wide selection in the MK test.

Guanylate cyclase had a conserved domain architecture strongly similar to the
Acanthaster gene, but 23% of the 1016 amino acids were different between the
reference sequence of Cryptasterina and Acanthaster. Between C. pentagona and C.
hystera there were three amino acid differences, but no sites were detected to be under
selection. | found no nuclectide differences among C. hystera haplotypes, and much

more variation (4-30 pairwise nucleotide differences) among C. pentagona haplotypes.

Only a partial REJ1 coding sequence was recovered; the first 900 amino acids
present in the REJ1 gene of Acanthaster were missing (the targeted search was
unsuccessful, so the absence of the complete gene is possibly due to an assembly
error). The missing region encodes the FTP domains that, if similar to the CRD modules
of sea urchin REJ1, could impact the interaction of REJ1 with the egg jelly (Moy et al.,
1996). The reference REJ1 gene for Cryptasterina was 1875 amino acids long. There
were no nucleotide differences among C. hystera gene copies, and only 2-9 nucleotides
differed between pairs of gene copies in the alignment of C. pentagona haplotypes. |
found evidence of episodic diversifying selection on an internal branch of the gene tree
leading to two C. pentagona haplotypes in aBSREL. | was not able to confirm that the
signature of selection found in REJ1 is the result of adaptive evolution because the MK

test failed on this gene due to the absence of intraspecific variation.

Unlike REJ1, | found a complete coding sequence for REJ3 with a length of 2877
amino acids. The REJ3 alignment in C. pentagona showed 5-69 pairwise nucleotide

differences, and no variation in C. hystera. | found no branches under selection in REJ3
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and no alignment-wide selection in the MK test, but | found four codons under selection

near the transmembrane regions (codon positions 175, 224, 287, 2617).

The assembly of bindin resulted in multiple contigs containing segments of the
gene (TRINITY_DN51054 c1 gl _i2, DN51054_cl g1 i3, DN64324 _cl1 gl i4).
Because Trinity was not able to assemble all parts of the complex bindin coding
sequence (Patifio et al., 2016) from every individual, | focused on the most complete
section of bindin represented by the reference sequence TRINITY_DN64324 _c1_ gl _i4
(561 nucleotides). | found no evidence of episodic diversifying selection in bindin.

3.3.3. Episodic diversifying selection on other genes in the
transcriptome

A total of 153 orthogroups in the female gene set (7.9%) and 102 orthogroups in
the male gene set (6.3%) had evidence of episodic diversifying selection (and only 14 in
both groups with alignment-wide evidence of selection in the MK test described in the
next section). Of these genes, MEME found evidence of at least one codon (and up to
10 codons) under episodic diversifying selection in 108 orthogroups in the female gene
set and 64 in the male gene set. For both gene sets, all of the orthogroups with a
significant result in the MEME analysis (one or more codons under positive selection)
also gave a significant result in the aBSREL analysis (one or more branches under
positive selection in the gene tree) (Figure 3-3). The majority of those genes with a
positive result (124 of 153 in the female gene set, and 78 of 102 in the male gene set)
had 1-3 branches leading to one or more C. pentagona haplotypes that were under
selection in aBSREL, whereas fewer of the genes had a branch under selection leading
to one or more C. hystera haplotypes (51 of 153 in the female comparison, and 35 of

102 in the male comparison).
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Figure 3.3

Number of genes in the male gene set and the female gene set with
codons (MEME) and branches (aBSREL) under positive selection.
The size of the circles represents the number of genes in the
category; the color of each symbol shows which species (C.
hystera, C. pentagona, or both) included lineages under selection in
aBSREL analyses (e.g., one gene in the male set that had 9 sites
under selection and one C. hystera lineage under selection; more
than 40 genes in the female set that had 1 site under selection and 1
C. pentagona lineage under selection). Three violet symbols show
the number of sites and lineages (in C. pentagona) under positive
selection for three gamete-recognition genes (OBil, REJ1, REJ3)
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Comparison to the number of codons and branches under selection in gamete-

recognition genes did not suggest that the evidence of positive selection is stronger

among GRGs. Although | found a larger proportion of GRGs (3 of 6, or 50%) with some

codons or branches under positive selection in comparison to other genes in the
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transcriptome (<10%), | found few codons or branches under selection in GRGs in
comparison to many other genes under positive selection in the transcriptome that had
up to 10 codons under selection, and up to 3 branches under selection (Figure 3-3).
Furthermore, the number of variable sites in GRG alignments was similar to the number
in other genes in the transcriptome, which suggests that the smaller number of sites and
lineages under selection in GRGs was not an artifact of fewer overall polymorphisms or
substitutions.

In particular, | did not find any indication of more lineages under positive
selection in GRGs from C. pentagona (with outcrossing and potential for sperm
competition among males and sexual conflicts of interest between males and females)
than in GRGs from C. hystera (in which sperm competition and sexual conflicts of
interest have been resolved by the evolution of selfing). In non-GRGs from both the
female and male gene sets, | found about twice as many lineages under selection in C.
pentagona compared to C. hystera; by contrast, | found just one lineage under positive
selection in a GRG (a single branch leading to two REJ1 haplotypes from C. pentagona).
That comparison argues against the expectation that stronger sexual selection on GRGs
in C. pentagona or the resolution of sexual selection in C. hystera has had a particularly

important role in the rapid evolution of reproductive isolation between those species.

Genes with evidence of episodic diversifying selection (153 orthogroups in the
female gene set and 102 in the male gene set) had diverse gene ontology categories,
but the most representative GO categories were shared between the two gene sets (see
Appendix Y with gene ontology of genes with evidence of episodic diversifying selection
in aBSREL). The list of genes with evidence of episodic diversifying selection included
genes expected to function in the slow block to polyspermy, chromosome structure, the
plasma membrane, and the mitochondrion (see Appendix Z for selection results).
Notable genes (and functions) in this list include Udx1 (hardening of the fertilization
envelope), TRPM3 (sperm activation), and F-box genes (E3 ubiquitin protein ligase

function).

3.3.4. Genes with alignment-wide evidence of selection

Among the genes with evidence of episodic diversifying selection, | found 14 with
alignment-wide evidence of selection in the MK test including both the male and female

gene set (see Appendix AA for orthogroups with evidence of selection in both branch

74



site models (aBSREL) and in alignment-wide test (MK), Figure 3-4): ABCB7, MIC60,
HES4B, CND1, KATNA1, FRRS1, UNC13D, and an unannotated gene
(TRINITY_DN63448 cl1 g2 i3) were under alignment-wide selection in the female gene
set; ACRC, KIF25, and two unannotated genes (TRINITY_DN56009 c¢3 g1 il and
TRINITY_DN61873 _c2_ g1 i8) in the male gene set; and HIP1 and CPNES8 under
alignment-wide selection in both the male and the female gene sets.

Figure 3.4  Schematic diagrams of coding sequence domains in 11 annotated
genes under selection in both codon models and MK tests. Domain
abbreviations: ABC membrane (ABC), ATPase domain (AAA), low
complexity (L), MICOS complex, helix loop helix domain (HLH),
orange domain (OR), condensin multi-subunit 1 (Cnd1_N or Cnd1),
Vps4 C terminal oligomerization domain (VC), domon domain
(DOMON), cytochrome b-561 or ferric transmembrane domain
(B561), transmembrane region (TP), protein kinase C conserved
region 2 (C2), muncl3 (SWH|B), kinesin motor and catalytic domain
(KISc), epsin N-terminal homology domain (ENTH), coiled coil
domain (C), von Willebrand factor type A domain (VWA), I/LWEQ
domain (ILWEQ). Black triangles show locations of codons under

selection
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In the female gene set, | found eight genes under selection. Two of these genes
were involved in mitochondrial function (ABCB7 and MIC60). ATP-binding cassette

subfamily B member 7 (ABCB?7) is an inner mitochondrial gene linked to iron transport in

75



humans (Kim et al., 2020). Similar to ABCB7 of the sea urchin Strongylocentrotus
purpuratus (Accession number SPU_003241), the coding sequence of ABCB7 (740
amino acids) included an adenosine triphosphate (ATP-)binding cassette (ABC)
membrane domain and an ATPase domain (AAA). A terminal branch of C. pentagona
was under selection and one codon of the ABC domain (366) was under selection. The
ABC domain anchors the protein to the mitochondrial membrane in humans. ABCB7
was expressed in all individuals of Cryptasterina, with a slightly lower expression in
males of C. pentagona. The second mitochondrial gene under selection was the MICOS
complex subunit 60 (MIC60), also called the inner membrane mitochondrial protein
(IMMT). MIC60 helps maintain the structure of mitochondrial cristae (Glytsou et al.,
2016). The MIC60 coding sequence (742 amino acids) was composed of one large
MICOS complex. MIC60 was under selection in a C. hystera branch, and included four
codons under selection. Isoforms of MIC60 were expressed in all Cryptasterina

individuals.

Two other genes in the female gene set under selection may be localized to or
have a role with functions in the nucleus (HES4B, CND1). Transcription factor 4 B-like
(HES4B) has a similar domain organization to HES1, so it is difficult to assess which
transcription factor we analyzed. The HES1/4-like coding sequence in Cryptasterina
(455 amino acids) included a helix loop domain (HLH) and an orange domain. Both of
these domains are expected to interact with other proteins, but their functions are still not
well understood (Sun et al., 2007). The Cryptasterina gene did not have any close
matches with marine invertebrate or chordate genes outside the sea star Acanthaster
planci. MEME found one codon under selection (149) near the orange domain and
aBSREL detected two selection events in a terminal and an ancestral branch leading to
C. pentagona. Isoforms of HES1/4 were up-regulated in the female samples of C.
pentagona relative to expression in the male samples of C. pentagona, and also
expressed in C. hystera. Nuclear condensin complex subunit 1 (CND1) has a role in
chromosome regulation and segregation (Hirano, 2016). The CND1 coding sequence
(1504 amino acids) included two Cnd1_N domains. | found one lineage in C. pentagona
under selection in aBSREL, and two codon sites under selection (not in the Cnd1_N
domains) in MEME. Although the expression of this gene was low in both species,

isoforms of this gene were expressed in all Cryptasterina individuals.
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Four other genes under selection in the female gene set were involved in the
cytoskeleton, plasma membrane, and lysosome/endosome functions. Katanin p60
ATPase-containing subunit Al-like (KATNAL) encodes an enzyme that severs
microtubules (Roll-Mecak & McNally, 2010). The Cryptasterina coding sequence (510
amino acids) included an AAA domain and a Vps4_C domain. KATNAL was under
selection along an internal branch leading to C. hystera, and it was expressed in all
Cryptasterina individuals. Ferric chelate reductase 1-like (FRRS1 or SDR2) is a
neurological gene in humans linked to plasma membrane function and iron regulation
(Waters et al., 2002). The Cryptasterina coding sequence (478 amino acids) included a
DOMON and a B561 domain. The aBSREL analysis detected selection in an ancestral
lineage of C. pentagona. FRRS1 was expressed in C. hystera and the females of C.
pentagona. The last two genes are not well characterized in echinoderms: one
(TRINITY_DNG62906_c0_g3_i4) is similar to the brain-specific angiogenesis inhibitor 1-
like (BAI1) associated protein 3 gene and to unc-13 homolog D; the other
(TRINITY_DN63448 cl1 g2 i3) is an unknown gene. TRINITY_DN62906 c0 g3 i4 was
under selection in an internal lineage of C. pentagona and had two codons under
selection in the N terminus. The uncharacterized gene TRINITY_DN63448 c1 g2 i3

was under selection on an internal C. pentagona branch and in one codon.

In the male gene set, | found four genes under selection in MK tests (ACRC,
KIF25, TRINITY_DN56009 c3_g1 i1, and TRINITY_DN61873_c2_g1_i8). Acidic
repeat-containing protein (GCNA/ACRC) is expressed in the nucleus of germ cells of the
testis in humans (Bhargava et al., 2020). The ACRC coding sequence (799 amino acids)
included a single SprT domain and multiple low complexity regions. MEME found one
codon (site 276) under selection. Isoforms of ACRC were expressed in all individuals of
Cryptasterina. Kinesin family member 25 (KIF25) and other kinesin genes encode
molecular motors that orchestrate the separation of chromosomes during replication
(Decarreau et al., 2017). The Cryptasterina coding sequence (662 amino acids) included
a large kinesin motor catalytic domain (KISc) and a short coiled-coil domain. MEME
detected three sites under selection (codons 21, 628, and 647), and aBSREL detected
evidence of episodic diversifying selection in an internal branch in C. hystera. This gene

was up-regulated in the male and female individuals of C. pentagona.

The last two genes under selection in the male gene set did not have
annotations. TRINITY_DN56009 c3 gl i1 (M-OG0001402, 220 amino acids) encoded

77



a series of low-complexity regions. Evidence of episodic diversifying selection was found
in a terminal branch of C. pentagona. Isoforms of this gene were present in all
individuals of C. pentagona. The uncharacterized gene TRINITY_DN61873 c2 gl 8
(M-OG0000313, 711 amino acids) encoded a DDE transposase sub-family
(DDE_Tnp_1_7) domain. | found evidence of episodic diversifying selection in a
terminal and internal C. pentagona branches, and two codons (401, 559) under selection
near the DDE_Tnp_1_7 domain. Isoforms of this gene were expressed in all
Cryptasterina individuals.

| found two genes that were under selection in both male and female gene sets,
and in both cases the aBSREL test indicated positive selection in one or more C. hystera
lineages. Human Copine 8 (CPNES) is a Ca?*-dependent phospholipid-binding protein
(Maitra et al., 2003). The coding sequence of CPNES8 in Cryptasterina (559 amino acids)
was composed of two protein kinase C conserved regions (C2) and a von Willebrand
factor type A domain (VWWA). VWA domains in the extracellular region regulate adhesion
events have also been identified in the vitellogenin protein (AFH56436.1) that is present
in diverse metazoans (coral, nematodes, abalone, and chicken) and expressed in the
gonads of both sexes (Prowse & Byrne, 2012). Evidence of episodic diversifying
selection was found in an internal branch of C. hystera in both male and female gene

sets. Isoforms of this gene were expressed in all the Cryptasterina individuals.

Huntingtin interacting protein 1-like (HIP1) in C. elegans and humans encodes an
Epsin N-terminal homology (ENTH) domain, made of 122 codons, which occurs within a
larger AP180 N-terminal homology (ANTH) domain, made of 269 codons (Parker, 2001).
In the human gene these nested domains are followed by 2 predicted coiled coil
domains, and an F-actin domain called the ILWEQ domain (the coiled coil domains are
located in a different region of the C. elegans gene). MEME identified positive selection
on codon 949 in the Cryptasterina alignments from both gene sets, and evidence of
episodic diversifying selection was found in an internal C. hystera branch in both the

female and male gene sets.

3.4. Discussion

The recent speciation and rapid life-history divergence between Cryptasterina

hystera and C. pentagona was unlikely the result of strong selection acting on gamete-

78



recognition genes (GRGs) annotated in this study. | identified GRGs from three known
steps in gamete interaction leading to fertilization, but did not find strong evidence for
divergence of those GRGs under selection in comparison to other genes in the gonadal
transcriptome. Instead, my results point toward selection on genes linked to interactions

with the intertidal environment.

3.4.1. Gamete-recognition genes are not the targets of selection in
Cryptasterina speciation

| compared patterns of selection on GRGs to other genes in the same
transcriptomes, but found no strong evidence for a greater response to selection among
GRGs: the numbers of sites under selection (0-1) and lineages under selection (0-1)
among GRGs were lower than the numbers of sites (up to 10) and lineages (up to 3)
under selection among other orthogroups in the female and male gene sets. The most
important result is that | did not find many C. pentagona lineages under positive
selection in GRGs (just one, in REJ1), in spite of the expectation that C. pentagona (with
broadcast spawning and outcrossing) should experience stronger sexual selection
associated with sperm competition among males and sexual conflicts of interest
between males and females over fertilization rates (and the risk of polyspermy) in
comparison to C. hystera. These findings argue against gamete-recognition genes as
important targets of selection in the divergence of C. hystera from C. pentagona.
However, not all GRGs were assessed and some of the identified GRGs showed signs
of pseudogenization. It remains possible that new GRGs not previously described and
not analyzed in this study, including GRGs created through the process of
neofunctionalization, may have participated in that speciation event. In particular, the
binding region of REJ1 is expected to interact with the ARIS protein complex in the egg
coat, but ARIS1, ARIS2, and ARIS3 (which are abundantly expressed in other sea star
oocytes; Guerra et al., 2020; Hart & Foster, 2013) are not expressed in Cryptasterina
ovaries. This gap in evidence suggests that ARIS genes in Cryptasterina have diverged
so strongly from other sea stars that they cannot be recognized by sequence-similarity
searches using BLAST, or that the function of the ARIS proteins in the egg coat has
been replaced by neofunctionalization of other genes. That gap also prevented me from
finding possible evidence of positive selection acting on the genes that encode ARIS-like

molecules in the egg coat.
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| found other evidence of possible pseudogenization and potential loss of gene
function in the acrosome initiation and in gamete fusion. REJ1 was missing the binding
site for the ARIS complex in both species, an evolutionary feature that may indicate a
coevolutionary change between the receptor (missing its ligand-binding site) and its
ligands (not expressed in the egg coat). REJ1 was also under selection in C. pentagona.
| found other evidence of selection acting on parts of the REJ3 coding sequence that are
not predicted to interact with the egg coat. This could indicate a change in the function of
REJ3 in the plasma membrane of the sperm. The function of ARIS genes in sea stars
may be analogous to the family of ZP genes that encode the glycoproteins that make up
the thick fibrous egg coat or zona pellucida in chordates. Diverse chordate ZP genes
show signatures of neofunctionalization and pseudogenization that have resulted in the
evolution of at least six subfamilies of ZP genes and extensive variation in ZP gene
expression among species (Goudet et al., 2008) . These parallel results suggest that
neofunctionalization may be a common feature of the evolution of egg coat proteins.
Finally, | found evidence of truncated coding sequence organization (and possible loss
of gene function) in the egg bindin receptor EBR1, but unlike REJ1 these features were
limited to C. hystera. Positive selection is not a general feature of the evolution of bindin
in Cryptasterina (Patifio et al., 2016), so this change in EBR1 could indicate a species-
specific change in gamete binding in the self-fertilizing species. The truncation and
possible loss of function of EBR1 may be the result of a fixed deleterious mutation
associated with the relaxation of selection for effective gamete binding after the evolution
of internal self-fertilization (where selfing may not depend on efficient sperm—egg binding
in the close confines of the hermaphroditic gonad). This change in the structure and
possible function of EBR1 in C. hystera may have affected the specificity of fertilization,
as the gametes of the two species are compatible with each other and can generate
viable F1 hybrids (M. Byrne, unpublished observations). It is notable that the apparent
truncation of the 3’ end of the EBR1 coding sequence in C. hystera includes the C-
terminal repetitive region of EBR1 that has been shown to confer species specificity of
sperm binding in sea urchins (Kamei & Glabe, 2003). Observational and experimental
studies of spawning and fertilization in Cryptasterina would be helpful in understanding

the functional significance of these unusual features of GRGs in C. hystera.

| found evidence of selection in OBil, and this is the second case of positive
selection on OBIl in sea stars (Hart et al., 2014; Sunday & Hart, 2013). Hart et al. (2014)

found evidence of positive selection in OBil from Patiria miniata at two codons in the
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alpha helix of the substrate-binding region that is predicted to interact with bindin.
Because the codon detected to be under selection in Cryptasterina falls outside the
substrate-binding region, unlike the codons under selection in P. miniata, it is unlikely
that this selection is the result of co-evolution between bindin and OBil (see Appendix X

schematics of OBIl).

I found no evidence in codon models for more sites or lineages under selection
among GRGs compared to other expressed gonad genes in either C. hystera or C.
pentagona. Similarly, among the genes for which | found a significant result in codon
models, | found evidence of alignment-wide selection in MK tests only in other genes in
the transcriptome (and not in GRGs). One unexpected pattern in those results for
nonGRGs was a larger number of genes with evidence of positive selection along
lineages leading to the gonochoric species C. pentagona in comparison to the
hermaphroditic C. hystera in both the male gene set and the female gene set. This
apparent difference in the response to selection between the two mating systems could
be caused by the much smaller effective population size in C. hystera that has been
ascribed to extensive self-fertilization (Puritz et al., 2012) and the expected reduced
effectiveness of selection in small populations. That interpretation also supports the
conclusion that the response to selection on GRGs was not obviously stronger in
lineages leading to C. pentagona, because the difference in effective population size and
the difference in mode of fertilization are both expected to contribute to stronger signals

of positive selection in C. pentagona compared to C. hystera, which we did not observe.

3.4.2. Possible targets of selection in Cryptasterina speciation

My codon model analyses identified a large suite of other male- and female-
expressed genes under positive selection that have gene annotations linked to
polyspermy, gamete physiology, chromosome regulation, oxidative stress, and egg
laying. Although | did not develop or test predictions about these genes and their
possible adaptive evolution in the divergence of Cryptasterina species (and some of
them did not show evidence of alignment-wide selection in MK tests), | review some of
them here as a contribution to possible development of hypotheses for future study and

analysis.
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The slow block to polyspermy

In sea urchins, Udx1 is involved in the formation of the fertilization envelope as
part of the slow block to polyspermy (Wong et al., 2004). Specifically, Udx1 synthesizes
the hydrogen peroxide (H202) which chemically hardens the fertilization envelope
through the activation of ovoperoxidase (Wong et al., 2004). The role of Udx1
expression (Hart & Foster, 2013) and hydrogen peroxide in sea star oocytes is unclear:
sea stars do not have a hydrogen peroxide burst during the fertilization process as is
observed in sea urchins (Schomer & Epel, 1998), and ovoperoxidase is present at low
concentrations in Cryptasterina species and other sea stars (Oulhen et al., 2013). In
frogs, hydrogen peroxide released from Udx1 extends the calcium influx of the slow
block to polyspermy and it activates the egg (Sato et al., 2001). The hydrogen peroxide
produced by Udx1 in sea stars may interact with ovoperoxidase at lower concentrations
to induce the hardening of the fertilization envelop (see Appendix AB with schematics of
potential role of Udx1), or may aid in the calcium influx extension and egg activation, or
Udx1l may have some other role in larval development (Miller & Heyland, 2013) that is
associated with adaptation of a larval trait and with the difference between larval
development in the plankton (in C. pentagona) or in the gonad of the parent (in C.
hystera).

lon channels

Mammalian TRPM3 encodes a calcium channel that mediates calcium influx
after sperm activation by changes of hypo-osmolarity or by sphingosine. Other members
of the TRPM family of cation channels include the thermosensitive channel TRPM8
expressed in the sperm of humans, which is thought to be involved in thermotaxis
(Martinez-Lopez et al., 2011). | did not find a TRPMS ortholog in Cryptasterina. Similar to
TRPM8, TRPM3 in Cryptasterina could play a role in sperm activation or modification of
sperm swimming behavior. Sea star sperm are immotile in seminal plasma, but activate

in sea water.

Chromosomal regulation

| also detected selection on several genes (KATNAL, KIF, ACRC) with
annotations involving chromosomal regulation and cell division. This class of genes is
especially interesting in speciation studies because changes to chromosomal regulatory
genes can result in genomic incompatibility between diverging populations due to

compensatory evolution of chromosome-associated proteins (Beck & Llopart, 2015;
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Peyregne et al., 2017). Katanin catalytic subunit A1 (KATNAL) was under positive

selection in the female gene set. In microalgae, KATNAL breaks down the cytoskeleton
during desiccation events and is a key to the evolution of tolerance to low salinity (Liang
et al., 2019). Small changes to katanins are thought to create postzygotic incompatibility

between species due to changes to the meiotic spindle length (Kozak et al., 2014).

Adaptations to the high intertidal

Cryptasterina spp. are expected to have evolved metabolic adaptations to
oxidative stress and other features of the high intertidal (Christensen et al., 2011). In
particular, the evolution of viviparity in C. hystera may have been facilitated by the
evolution of physiological traits that permitted life in the high intertidal away from the
typical aquatic environment for broadcast spawning and planktonic larval development
that are characteristic of C. pentagona and most other sea stars. Several studies have
documented adaptations of mitochondrial function in intertidal animals linked to oxidative
stress (Sokolova, 2018). Similarly, the switch to internal brooding and viviparity is
expected to come with physiological adaptations to reduce oxidative stress due to
oxygen limitations on the development of brooded embryos (Strathmann et al., 1984). |
found evidence of selection acting on several genes (ABCB7, FRRS1, Mic60) linked to
the mitochondrion and its reactive oxygen species (ROS) in Cryptasterina (see Appendix
AC with potential localization of expression of three genes under selection). ABCB7
mitigates the ROS pathway by inducing the hypoxia-inducible factor 1 alpha in humans
(Kim et al., 2020). ABCB7, also known as Abtm-1, encodes an ATP-binding
transmembrane protein that regulates iron homeostasis of the mitochondria. The iron
regulator ferric chelate reductase 1 (FRRS1 or SDR2) reduces Fe®** to Fe?* to promote
iron uptake in plant tissues (Waters et al., 2002). FRRS1, similar to ABCB7, may be
evolving to reduce oxidative stress in Cryptasterina. Mic60 encodes a structural protein
that, in combination with other mitochondrial proteins, maintains the width of cristae
junctions (Glytsou et al., 2016). The cristae junctions are is the regions where the
mitochondrial respiration-component complexes are located. The adaptive evolution of
MIC60 may represent a response to selection for modified mitochondrial function in the
intertidal that may have coincided with or facilitated the evolution of brooding in C.

hystera.
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Egg retention and the evolution of live bearing

Huntingtin interacting protein 1 (HIP1) is generally associated with clathrin-
mediated endocytosis (Gottfried et al., 2010), the process of moving proteins through
the plasma membrane by invagination. However, RNAI inhibition of HIP1 expression in
C. elegans causes delayed egg laying and retention of embryos in the female
reproductive tract; normal HIP1 expression in C. elegans is localized to muscle cells of
the vulva or gonopore (Parker et al., 2007; Parker, 2001).

Evidence for selection on HIP1 in Cryptasterina was stronger and more
consistent across analyses than for most other genes in this study. | found positive
selection in both MEME and aBSREL analyses of HIP1 haplotypes expressed in males
(1 codon under selection, 1 lineage under selection) and in both codon model analyses
of HIP1 expressed in females (1 codon, 1 lineage), and | detected alignment-wide
evidence of selection on HIP1 in both MK tests. Notably, in both aBSREL models (for
male- expressed and for female-expressed haplotypes) | detected positive selection
specifically on an internal lineage leading to two C. hystera haplotypes. In those two
haplotypes the 3’ end of the coding sequences encodes an amino acid motif
(GWDEEDIPLQ) that is similar to the last ten codons of HIP1 from other sea stars
including Acanthaster planci (XM_022253800, GWDDEDPAEGFLDLPIPDQ) and
Asterias rubens (XM_033772280, GWDEEDPEGFYNEPITPQ); by contrast, the other 16
haplotypes expressed in other C. hystera and in both male and female C. pentagona
ended in a highly derived amino acid motif (GWDEENIAHS) that was the source of the
signal of positive selection in both MEME and aBSREL models and in MK tests.

These intriguing parallels between the function of HIP1 (in egg retention in C.
elegans) and the adaptive evolution of HIP1 (in Cryptasterina) suggest a role for that
gene in the evolution of modified spawning behavior, internal fertilization, and live
bearing. The observation that HIP1 was expressed in both male and female C.
pentagona argues for its possible role in spawning (or retention) of both eggs and
sperm, and indicates that HIP1 could be involved in the evolutionary switch from
gonochoric broadcast spawning to retention of gametes, internal self-fertilization, and
brooding of offspring. Those comparisons suggest that a taxonomically broad analysis of
HIP1 molecular evolution across echinoderm lineages with different mating systems and

modes of reproduction could be especially useful and interesting.
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In addition to HIP1, | also found a set of F-box genes with signatures of selection
in aBSREL models; F-box genes have E3 ubiquitin protein ligase functions and have
been linked to the independent evolution of hermaphroditism in several nematode
lineages (Guo et al., 2009). | found numerous genes with E3 ubiquitin protein ligase
functions in Cryptasterina that included F-box 42 and 46, RFFL, RNF8, PPIL2, UHRF1,
E3D, RNF8, and RNF13. In nematodes, RNA interference experiments show that
hermaphroditism can be induced by changes in the expression of as few as two genes,
one of which regulates E3 ubiquitin protein ligase function (Baldi et al., 2009). These
comparisons suggest that evolutionary changes in the mating system of Cryptasterina
spp. could be linked to similar pathways involving F-box gene expression.
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Chapter 4.

Multispecies comparison of response differences to
selection in reproductive genes

Abstract

Gamete-recognition genes that mediate fertilization success are expected to
show evidence of a response to sexual selection on gamete traits, and sea star species
with diverse fertilization characteristics are expected to differ in their evolutionary
response to the strength of sexual selection. These assumptions have not been
thoroughly tested. Using 53 female gonad transcriptomes from 26 species, | compare
the differences in the response to selection on gamete-recognition genes and other
genes in the transcriptomes in four orders of sea stars, including species with planktonic
fertilization (and expected strong sexual selection) and species with benthic fertilization
(and expected weaker sexual selection). The results from the two comparisons indicate
that gamete-recognition genes are under significant positive selection in comparison to
other genes not involved in gamete interactions. And when GRG were the targets of
selection, the response to selection was stronger in sea stars with planktonic fertilization

than in sea stars with benthic fertilization.
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4.1. Introduction

Genetic divergence in reproductive genes, caused by selection on fertilization,
can contribute to the process of reproductive isolation and speciation (Galindo et al.,
2003, Pujolar & Pogson, 2011, Sunday & Hart 2013). The rate of accumulation of
genetic differences between populations and species due to selection may dependent
on life history characteristics such as modes of reproduction (Charlesworth, 2006; Patifio
et al., 2016). However, because other evolutionary mechanisms (e.g., ecological
speciation) also contribute to reproductive isolation, the assessment of that expected
covariation between modes of reproduction and the response to selection on gamete-
recognition genes (GRGs) can produce inconclusive results if based on few species and
lineages (Chapter 3, Patino et al., 2016). In this study, | use a large dataset composed of
multiple species of sea stars with contrasting life history characteristics to assess two
predictions: that gamete-recognition genes show stronger evidence of a response to
selection; and that GRGs show greater evidence of a response to selection in lineages
or species with broadcast spawning and planktonic fertilization than in lineages or
species with benthic fertilization.

Reproductive genes with highly divergent nucleotide or amino acid sequences
among species are common among animals, plants, and fungi (Begun et al., 2000;
Charlesworth & Guttman, 1997; Charlesworth & Awadalla, 1998; Clark & Swanson,
2005; Galindo et al., 2003; Metz & Palumbi, 1996). The mechanisms that can cause high
rates of among-species divergence in GRGs are as diverse as the genes themselves. A
model group of organisms to study the differences in selective pressure associated with
life history characteristics and potential differences in the rapid evolution of reproductive
genes are sea stars (Hart, 2012). The ancestral mode of reproduction of sea stars is
broadcast spawning by large-bodied adults with large gonads and high fecundity,
including large numbers of sperm (Hart et al., 1997). Broadcast-spawning echinoderms
release their gametes into the water where gamete-recognition genes (GRGS)
expressed in organelles, plasma membranes, or the extracellular matrix of their gametes
regulate fertilization. In such species, males are expected to compete for fertilization of
eggs, and sperm from many males may have access to the planktonic eggs of each
female, leading to potentially high rates of sperm competition, high frequency of sperm-

egg contact, and potential for polyspermy and sexual conflicts of interest over fertilization
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rates (Palumbi et al., 2009; Vacquier & Swanson et al., 2011). Derived modes of
reproduction and fertilization in sea stars have independently evolved multiple times,
always in association with the evolution of small adult body size and reduced fecundity
(including smaller numbers of sperm and reduced potential for sperm competition).
Some species in the sea star genera Leptasterias and Henricia have evolved benthic
fertilization in which females spawn smaller numbers of eggs in benthic egg masses that
are fertilized only by sperm spawned by nearby males. Species in other genera (e.g.,
Cryptasterina, Parvulastra) have evolved highly derived modes of fertilization in which
hermaphroditic individuals ovulate small clutches of eggs that are self-fertilized by a few
sperm. In both of these forms of benthic fertilization (external egg masses fertilized by
outcrossing with one or a few males, or internal selfing), sperm competition and sexual
conflict are expected to be reduced due to the smaller body size and reduced number of
sperm spawned by males, the limited access to eggs by multiple males, and the shared
interests of male and female genomes in self-fertilization (e.g. self-sperm is mainly
expected to compete with self-sperm) (Byrne et al., 2003; Chia, 1966; Mercier, 2008).
Selection on GRGs involved in these processes is expected to lead to high relative rates
of amino acid evolution among species (in comparison to other genes not involved in
fertilization). And the life history differences between sea stars with different modes of
fertilization are expected to leave signatures of stronger sexual selection in the form of
codon sites and lineages under selection in lineages or species with broadcast spawning

and planktonic fertilization.

In this final chapter | used the bioinformatic pipeline developed in Chapter 2 and
Chapter 3 to assess differences in the response to selection acting on female GRGs
compared to other genes from 53 transcriptomes (newly generated and from previously
published studies). In this study | found i) evidence of a stronger response to selection
including a higher number sites under selection in GRGs when compared to non-GRGs;
and ii) evidence of a stronger response to selection in the number of lineages under
selection in GRGs from sea stars with planktonic fertilization when compared to the
GRGs from sea stars with benthic fertilization. These findings provide further evidence of
rapid evolution in GRGs caused by sexual selection, and support the hypothesis that

differences in selection responses are caused by differences in life history traits.
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4.2. Methods

4.2.1. Sample collection and RNA-seq library construction

Adult sea stars belonging to four taxonomic orders of the class Asteroidea were
collected from intertidal and subtidal sites near the University of Washington Friday
Habor Laboratories, Washington State, USA, and the Bamfield Marine Sciences Centre,
British Columbia, Canada, during the breeding season for individual species in between
April and July of 2015 and 2016. The ovary or testis of each sea star was dissected and
fixed in RNAlater and preserved at -80°C. RNA extracts were prepared from tissue
samples at a commercial facility (ARQ Genetics, Bastrop, TX, USA). Stranded RNAseq
libraries were prepared and sequenced at Genome British Columbia on lllumina
instruments using standard protocols. The paired-end 75-base sequence data were
submitted to the SRA database under the project number PRINA667548. Previously
published RNA-seq data were downloaded from NCBI (Table 1). Here in section 4.2 |
describe the collection of samples and data from both male and female individuals, but
in sections 4.3 and 4.4 | present the results only for analyses of female-expressed genes
from ovary samples. The sequence data for males have been more challenging to

assemble and analyze, and will be presented and published later.

4.2.2. Transcriptome assembly

The quality of the new RNA-seq data were assessed with the program FastQC v.
0.11.3 (http://www.bioinformatics. babraham.ac.uk/projects/fastqc/). Low-quality
sequences and adapters were trimmed from the raw sequences using the program
Trimmomatic v. 0.32 (Bolger et al., 2014) with the default settings noted in the program
Trinity v. 2.6.5 (Grabherr et al., 2011). | used two methods to assemble the new RNA-
seq data, a genome-guided approach and a de novo approach. For the genome-guided
approach, the cleaned raw sequences from the sea stars with available genomes
(Acanthaster planci assembly OKI-Apl_1.0, Asterias rubens assembly eAstRubl.3,
Patiria miniata assembly Pmin_1.0, and Pisaster ochraceus assembly ASM1099431v1)
were first aligned back to their respective genomes and prepared for the genome-guided
assembly using the program GSNAP (Wu and Watanabe, 2005). The genome-guided

assembly was then built with the genome-guided option of Trinity v. 2.6.5 with the default
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settings. The rest of the new RNA-seq libraries were directly assembled with the Trinity
v. 2.6.5 denovo option after the sequences were cleaned with Trimmomatic v. 0.32.
Previously assembled transcriptomes without a genome were downloaded from the
Transcriptome Shotgun Assembly database (TSA) (Table 1). The new samples collected
for this thesis mainly came from sea stars of the northeastern Pacific, which | analyzed
along with data for other sea stars acquired from previous studies including some from

outside of this region.
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Forcipulatida
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Forcipulatida
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Forcipulatida

Spinulosida
Spinulosida
Spinulosida
Spinulosida
Spinulosida
Spinulosida
Spinulosida
Spinulosida
Spinulosida
Spinulosida
Valvatida
Valvatida
Valvatida
Valvatida
Valvatida

Pteraster tesselatus
Asterias amurensis
Asterias forbesi
Asterias rubens

Evasterias troschelii

Leptasterias spp

Marthasterias glacialis

Pisaster brevispinus
Pisaster ochraceus
Pisaster giganteus

Pycnopodia
helianthoides

Echinaster spinulosus

Henricia spp
Henricia leviuscula

Henricia pumila

Henricia sanguinolenta

Henricia-gray-pink

Henricia gray-armpits

Acanthaster cf. solaris
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Table 4.1 List of transcriptomes and transcript counts. The new RNA-seq
libraries collected from this study are deposited in the unpublished
NCBI BioProject no. PRINA667548. An asterisk indicates the RNA-
seq libraries or the transcriptome shotgun assembly sequences
downloaded from NCBI projects: Reich et al., 2015 (NCBI BioProject
no. PRINA236087), Musacchia et al., 2017 (NCBI BioProject no.
PRJEB20544), Hall et al., 2017 (NCBI BioProject no. PRIDB3175),
PRJIJNA612126, Unpublished (NCBI BioProject no PRINA612126),
Guerra et al., 2020 (NCBI BioProject no PRINA412251), Hart et al.,
2020 in review (NCBI BioProject no PRINA544828), Bates et al. 2019
(NCBI BioProject no PRINA398668), and Hart et al., 2013 (NCBI
BioProject no PRINA175319). F = ovary, M = testis, H = ovotestis, P
= planktonic, B = benthic

4.2.3. Orthologous gene identification

The transcriptome libraries were grouped into male or female gene sets to
identify orthologous gene alignments for selection analysis. Each of the gene sets
included libraries made from either the male or the female gonads, plus the libraries
made from the ovotestis of Cryptasterina hystera. The male gene set was composed of
orthologs from 20 testis and 4 ovotestis transcriptomes that included the following
species: Velatida: Pteraster tesselatus; Forcipulatida: Asterias amurensis, Evasterias
troschelii, Leptasterias hexactis (three transcriptomes), Pisaster brevispinus, and
Pycnopodia helianthoides; Spinulosida: Henricia leviuscula, Henricia pumila, and
Henricia gray-armpits; Valvatida: Acanthaster. cf. solaris (four transcriptomes),
Cryptasterina pentagona (two transcriptomes), Cryptasterina hystera (four
transcriptomes), Dermasterias imbricata, Patiria miniata, and Solaster stimpsoni. The
female gene set was composed of 53 transcriptomes: (Velatida) Pteraster tesselatus;
(Forcipulatida) Asterias amurensis, Asterias forbesi, Asterias rubens, Cryptasterina
hystera (four transcriptomes), Cryptasterina pentagona (three transcriptomes),
Evasterias troschelii, Leptasterias hexactis (six transcriptomes), Marthasterias glacialis,
Pisaster brevispinus, Pisaster giganteus, Pisaster ochraceus (three transcriptomes);
(Spinulosida) Echinaster spinulosus, Henricia leviuscula, Henricia pumila, Henricia
sanguinolenta, three unidentified Henricia spp. (including two cryptic species from the
northeastern Pacific that are similar to H. leviuscula but have distinctive gray or pink
body colouration); (Paxillosida) Astropecten aranciacus (three transcriptomes) and
Luidia clathrata; (Valvatida) Acanthaster cf. solaris (three transcriptomes), Crossaster

papposus, Dermasterias imbricata, Patiria miniata (ten transcriptomes), Solaster
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dawsoni, Solaster endeca, and Solaster stimpsoni. Both gene sets included multiple

species with planktonic and with benthic fertilization.

To prevent the erroneous identification of paralogs or other similarities as
orthologous genes (e.g., due to the presence of different isoform variants in different
assemblies), non-orthologous similarities between libraries were filtered out using the
single ORF per gene option in Transdecoder (http://transdecoder. github.io; Haas,
2013), and by reducing the redundancy of the libraries with the program CD-Hit (Li &
Godzik, 2006) with an identity setting of 92. An identity setting greater than 92 in CD-Hit
was not successful at removing similar isoforms previously labeled by the program
Trinity v. 2.6.5 (Grabherr et al., 2011). An orthology analysis was then performed with
the program OrthoFinder (Emms & Kelly, 2015) using the multiple sequence alignment
option and with a modified Diamond dependency command. The identity percentage
filter for the pairwise analysis of OrthoFinder with Diamond was changed to 50% to

further prevent the erroneous inclusion of isoform differences.

Because de novo transcriptome assemblies from multiple samples of a single
species (e.g., Leptasterias sp., for which we assembled contigs from six ovary libraries)
do not always include all of the same isoforms and transcripts (see Chapter 3), the
OrthoFinder results for all samples in each gene set returned relatively few orthogroups
for analysis of selection associated with life-history differences among species. To
increase the number of orthogroups, a second run of OrthoFinder was performed using
only the largest single transcriptome (with the highest number of transcripts) for each
species in each gene set. Only new orthogroups from that second run using single
representative assemblies (not present in the first OrthoFinder analysis using all
assemblies) were added to each of the gene sets. For the selection analyses, we
retained all orthogroups with no more than two missing species (for which that gene
could not be positively identified), as a compromise between the desire to include a large
proportion of expressed genes in the selection analyses, and the need to avoid

comparisons across analyses of large numbers of genes with few species in common.

4.2.4. Annotation of gamete-recognition genes

The assembly of GRGs from RNAseq data is often problematic for assemblers
due to the highly repetitive nature of genes such as bindin. To maximize the number of

genes that we could identify, | manually searched for each of the GRGs in all of the
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transcriptome assemblies. First, the open reading frames (ORF) were predicted from
each transcriptome using the program Transdecoder version 3.0.1
(http:/ftransdecoder.github.io; Haas, 2013) with the default settings. A pairwise analysis
was then performed on the sequences with an ORF from each of the transcriptomes to
find orthologs for gamete-recognition genes. Each ORF was queried against a reference
database of previously published GRGs from sea stars and other echinoderms
(Appendix L; see Ch. 2 and Guerra et al., 2020, for references). The reference database
for either the GRGs or the mitochondrial genes was searched with BLAST+ (Altschul et
al., 1990) using a starting cutoff value for expectation scores of e = 1 x 10 or lower.
The protein domains of the hits were then predicted with SMART and TMHMM (Schultz
et al., 1998, Krogh et al., 2001) to confirm domain similarities. Each of the alignments of
putative GRGs was manually curated using the program Geneious Prime version

2020.0.5 (https://www.geneious.com).

4.2.5. Selection analyses

Each single-copy orthogroup from the OrthoFinder analyses was then assessed
for evidence of selection. The orthogroups were populated with the predicted ORF
nucleotide sequences (to replace the protein alignments used in OrthoFinder) from
Transdecoder. | used a single nucleotide sequence from each individual that
represented a consensus of the SNP variants for each gene generated by Trinity v. 2.6.5
(Grabherr et al., 2011). The orthogroups were then aligned using the MUSCLE, the gaps
and stop codons were trimmed using the program PAL2NAL (Suyama et al., 2006), and
a neighbor-joining gene tree was appended to the alignment using the program NINJA
(Wheeler, 2009).

The program aBSREL was then used to identify branches under selection in
each orthogroup and in each of the data partitions of the GRGs (Smith et al. 2015). For
the orthogroups with evidence of at least one lineage or branch under selection in
aBSREL, | then analyzed the same alignment for evidence of codon sites under
selection using the program MEME (only the alignments with at least 1 branch under
selection in aBSREL were considered, Murrell et al. 2012). In order to reduce the total
number of analyses and p values generated, and to reduce the potential for false

positives. The results of these complementary selection analyses were visualized using
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the program R version 1.3.959 (https://www.r-bloggers.com/2018/06/its-easy-to-cite-and-
reference-r/, Team & DC, 2013)

These two branch site codon models provide complementary insight into episodic
diversifying selection (or positive selection), including episodes of selection acting at
specific times in the history of the organisms (branches in the aBSREL model with high
rates of w at some codons), and episodes of selection acting on specific parts of the
protein (codons in the MEME model with high rates of w along some branches). | used
the selection analyses to ask whether the data partitions of the GRGs in the female gene
set (expressed in ovaries) show more evidence of a response to selection (more
lineages under selection in aBSREL, more sites under selection in MEME) in
comparison to other genes in the same transcriptomes. The analyses of the male gene
set included both of these codon models, but those analyses are ongoing an not
included in this thesis. Both gene sets included multiple species from genera
(Cryptasterina, Henricia, Leptasterias) in which benthic fertilization has evolved. In these
species, the strength of sexual selection is expected to be reduced (due to limited
access by multiple males to each clutch of eggs, or due to self-fertilization) in
comparison to species and lineages with broadcast spawning, planktonic fertilization,
and potential for strong sperm competition among multiple males and high rates of
sperm contact with eggs (potentially leading to strong sperm competition, polyspermy,

and sexual conflict).

Several gamete-recognition genes appeared to show evidence of more branches
under selection among species or lineages with planktonic fertilization. Because |
sampled more species with that life history (which is more common among sea stars),
each gene tree includes more branches in which that ancestral mode of reproduction is
expected (and fewer branches on which the derived mode of benthic fertilization has
evolved). Consequently, a simple post-hoc count of episodes of positive selection
(branches) in aBSREL results is not an adequate test of the hypothesis that this life
history difference could cause a difference in the apparent response to selection across
each of the gene trees. For this second hypothesis test, | used the BUSTED method
(Murrell et al., 2015) to test for gene-wide evidence of positive selection on the specific
class of foreground branches represented by all species (terminal leaves) or ancestral
lineages (internal branches) with the same mode of spawning, and asked whether those

specific hypothesis tests indicated a better fit of the codon model to the data when those
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foreground branches (e.g., all lineages with planktonic fertilization) were allowed to

evolve with a high rate of dN/dS at some sites in the coding sequence alignment.

To provide a better comparison of non-GRGs (hundreds) to GRGs (five, including
(EBR1, OBIl, ARIS1, ARIS2, ARIS3), | picked sets of five nonGRGs that were longer
than 1000 nucleotides (five sets of five genes each, 25 nonGRGs total) to the five
GRGs. Shorter sequences were not used here because the short length of most
nonGRGs (relative to the GRGs | identified) can reduce the sensitivity of codon models
to detect sites or branches under selection. For these comparisons, each of the 30
alignments was searched for evidence of recombination using the genetic algorithm for
recombination detection (GARD) (Kosakovsky et al. 2006). | used the potential
breakpoints identified by GARD to divide each of the alignments into partitions that
represented blocks of nonrecombining codons. | then used the programs BUSTED,
aBSREL, and MEME, as noted above, to analyze each of the partitions in each of the 30

alignments.

4.3. Results

4.3.1. Transcriptome assemblies

A total of 73 transcriptomes representing 26 species were assessed in this study.
The size of individual transcriptomes ranged from 2,551 transcripts with predicted ORF
up to 78,921 transcripts with ORF (counts include contigs with multiple ORFs). The
average number of transcripts per transcriptome was about 50,000 (Table 1). The
smallest transcriptomes came from a small, previously published dataset for the sea star
Pisaster ochraceus. The second smallest came from the sea star Acanthaster cf. solaris,
and this assembly was built from a raw sequence library composed of only ~5 million
sequences that produced a transcriptome with predicted ORF in 7,799 transcripts. The
largest assemblies came from the genome-guided Patiria miniata transcriptome (78,921
ORF) and from a Leptasterias spp. individual with a de novo transcriptome containing
71,052 ORF.
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4.3.2. Gamete recognition genes

Five female gamete-recognition genes (ARIS1, ARIS2, ARIS3, EBR1 and OBil)
were found in most species (Figurel). Annotation of a sixth gene (encoding the sperm
chemoattractant peptide called asterosap) was limited to a few species and those data
are not analyzed here.

Figure 4.1 List of gamete-recognition genes assembled in each species

N oD
SIS
¥ v vy «o
Velatida Pteraster tesselatus
Forcipulatida Asterias forbesi

Asterias amurensis
Asterias rubens
Evasterias troschelii
Leptasterias hexactis
Marthasterias glacialis
Pisaster brevispinus
Pisaster giganteus

Pisaster ochraceus

Paxillosida Astropecten aranciacus

Luidia clathrata

Spinulosida Echinaster spinulosus
Henricia gray pink
Henricia Reich et al., 2015
Henricia gray-armpits
Henricia leviuscula
Henricia pumila

Henricia sanguinolenta

Valvatida Acanthaster cf solaris
Crossaster papposus
Cryptasterina hystera
Cryptasterina pentagona
Dermasterias imbricata
Patiria miniata
Solaster dawsoni
Solaster endeca

Solaster stimpsoni
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EBR1

Complete EBR1 coding sequences were found in all of the female transcriptomes
with the exception of Marthasterias glacialis, Cryptasterina hystera, and the sea stars in
the order Spinulosida. A truncated EBR1 sequence was found in the hermaphroditic
Cryptasterina hystera. Partial sequences with some of the EBR1 domains were found in
M. glacialis, P. giganteus, P. ochraceus, Henricia spp., and E. spinulosus, but because
other genes in sea star genomes are known to have some similar domains, it was not

possible to confidently identify EBR1 in most of these cases.

The final alignment consisted of 10,320 nucleotides. The domains of EBR1 were
conserved among most of the sequences and in the gene assembled from the Patiria
miniata reference genome, including a signal peptide, M12B propeptide, zinc-dependent
metalloprotease domain (ZnMc), epidermal growth factor-like domain, Thrombospondin
type 1 repeats (TSP1) and CUB domain repeats (bone morphogenetic protein). The
prediction of the signal peptide was not consistent across all of the sequences. The
composition of TSP1 repeats had some variations among sea stars: A. cf. solaris had a
missing TSP1 domain, Dermasterias imbricata had an insertion of 62 codons near the
first TSP1 repeat, Solaster dawsoni had a missing region of 125 codons, and Luidia
clathrata had an insertion of 28 amino acids near the 3’ end of the alignment. The length
of the first TSP1 was also relatively short in all three Asterias spp. and in Luidia
clathrata. The nucleotide sequences of the last CUB domain and TSP1 repeat all varied
among sequences. The last CUB domain was absent in most species in the order
Valvatida with the exception of A. cf. solaris. Instead, the EBR1 of Valvatida ended with
two TSP1 repeats. A complete copy of EBR1 was also found in the male transcriptome
of Pisaster brevispinus. Both of the expressed EBRL1 in the male P. brevispinus

transcriptome had a sequence insertion of a size of 21 amino acids.

OBil
The other egg bindin receptor OBil was found in almost all of the female sea

stars. OBil was missing from assemblies for A. cf. solaris and Pisaster giganteus.

The complete alignment of OBil was composed of 2913 nucleotides. The 3’ end
of the alignment had missing regions or sequence alignments with gaps of an average of
12 amino acids in length. The alignment gaps were created as an alignment artefact as
a result of the Solaster dawsoni and Solaster stimpsoni sequences. The length of OBil

sequences (2691 nucleotides) was similar to that of OBil assembled from the Patiria
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miniata reference genome (2691 nucleotides). All of the sequences had a large HSP70
domain; in some species the HSP70 domain was split into two domains (Asterias
amurensis, Astropecten aranciacus, Crossaster papposus, Dermasterias imbricata,
Echinaster spinulosus, Henricia spp, Leptasterias hexactis, Marthasterias glacialis,
Patiria miniata, and Solaster spp.), and in some sea stars there is a gap in the predicted

second domain.

ARIS1

An alignment of 3,474 nucleotides was built for the gene ARIS1. With the
exception of the Cryptasterina sea stars, the acrosome inducing ARIS1 gene was
present in all of the female sea stars in this analysis. The ARIS complex duplication pre-
dates echinoderms (Swalla and Smith, 2008). Similar to EBR1, ARIS1 in the sea star
Dermasterias imbricata had an insertion region (90 codons). The two paxillosids Luidia
clathrata and Astropecten aranciacus had a large gap of 86 codons missing in ARIS1

near the insertion region of D. imbricata.

The predicted FA58C and kringle domains were present in almost all of the
sequences aligned with the exception of the paxillosids. A duplication of the kringle
domain was present in D. imbricata. Amino acid motifs corresponding to the ARIS C-
terminus domain and ARIS N-terminus domain were not consistently identified across
most species (and across all three members of the ARIS gene family), but the nucleotide
sequences aligned well with the sequences from Asterias amurensis (in which these two
ARIS domains were previously characterized), indicating a limitation of the annotation

programs to predict the ARIS domains rather than a true absence of those domains.

ARIS2

The alignment of ARIS2 was 2,406 nucleotides long. ARIS2 was missing from
Henricia leviuscula and the Cryptasterina spp. The sequences of ARIS2 were truncated
in Pteraster tesselatus and Luidia clathrata by 232 codons missing from the 3’ end. As in
ARIS1, the characteristic ARIS domains were not predicted with the annotation methods

used.

ARIS3
ARIS3 was found in most sea stars with the exception of the Cryptasterina spp.
and Henricia leviuscula. The alignment of ARIS3 was of 2493 nucleotides length. ARIS3

was shorter in Marthasterias glacialis (5’ end), Luidia clathrata (3’ end), and Henricia
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pumila (5 end and 3’ end). Similar to ARIS1 and ARIS2, the ARIS domains were not

detected with the annotation programs used in this study.

4.3.3. Episodic diversifying selection on female gamete-recognition
genes

| found more evidence of selection on EBR1 than on any other gene, including
other GRGs, and all orthogroups in the female gene set. The aBSREL analysis of EBR1
found evidence of 11 episodes of diversifying selection, including two terminal branches
(Asterias amurensis and Luidia clathrate) leading to species with planktonic fertilization,
and nine internal lineages that each gave rise to at least one species with planktonic
fertilization (Table 4-2). That pattern suggests that all of those episodes of selection in
the history of EBR1 evolution occurred in lineages with the ancestral mode of planktonic
fertilization. The MEME analysis found 72 episodes of diversifying selection on individual
codons that were broadly distributed across both repetitive and nonrepetitive domains of
the predicted protein. That was the largest number of codons found under selection in
any orthogroup, and was consistent with the large number of lineages under selection

(also larger than any other gene in the female gene set).

The selection analysis on partitioned GRGs found additional branches and
codons under selection. In particular, aBSREL analysis of the partitions of EBR1 found 8
planktonic lineages (including 7 internal branches and the terminal branch leading to
Acanthaster cf. solaris male 3) under selection, and MEME found 147 episodes of

diversifying selection on individual codons.
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Gamete-recognition Branches under Codons under

genes

ARIS1
ARIS2
ARIS3
OBil
EBR1

Table 4.2

selection in selection in
aBSREL MEME
3 18
2 10
0 8
0 1
11 72

Summary of evidence of selection in the female gamete-recognition
genes

Partitio Partition aBSREL aBSREL aBSRE aBSR MEM

n

rs

codon Single All L EL E
numbe range branch branc sites
es hes All
Plankt Benthi
onic C
1 1-435 No No 9
Evidence Evidence
2 436-826 Found Found 1 12
Evidence Evidence
3 827-913 Found Found 4 3
Evidence  Evidence
1 1-282 Found Found 1 8
Evidence  Evidence
2 283-619 No No 9
Evidence Evidence
3 620-1147 Found Found 2 28
Evidence Evidence
4 1148-2033 Found Found 1 36
Evidence Evidence
5 2034-2442 Found Found 1 12
Evidence Evidence
6 2443-3240 Found Found 3 42
Evidence  Evidence
7 3241-3494 Found No 12
Evidence Evidence
1 1-781 No Found 1 27
Evidence Evidence
2 782-1085 Found No 9

Evidence Evidence
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3 1086-1158 Found Found 3 1 12
Evidence Evidence

1 1 84 No No 3
Evidence  Evidence

2 85 - 646 Found Found 3 23
Evidence  Evidence

3 647 - 808 Found Found 3 10
Evidence  Evidence

1 1-108 Found Found 2 1 7
Evidence  Evidence

2 109-662 Found Found 1 22
Evidence  Evidence

3 663-845 Found Found 1 14

Evidence Evidence

Table 4.3. Summary of evidence of selection in the female gamete-recognition
genes divided into partitions between recombination breakpoints
identified by GARD

The selection analysis of ARIS1 patrtitions found in 18 codons and 3 internal
branches under selection. The sites under selection were distributed throughout the
alignment. Descendants of all three lineages under selection included species with
planktonic fertilization, and those were inferred to be episodes of selection acting on
broadcast spawners. The selection analysis on the partitions of ARIS1 found 5 branches
under selection (4 branches leading to planktonic species, including an internal branch
and three terminal branches leading to Henricia spp., Solaster endeca, and Pisaster
brevispinus; and 1 benthic lineage leading to the terminal branch for Leptasterias
hexactis 16AF), and 48 codons under selection. .Similar to ARIS1, the ARIS2 alignment
included 10 codon sites (broadly distributed across the coding sequence) and two
internal branches under selection, including one with planktonic fertilization and one with
benthic fertilization. The analysis of selection on the partitions of ARIS2 found 6
branches under selection (all planktonic lineages, including 4 internal branches plus
terminal branches leading to Evasterias troschelii and the unidentified Henricia sp.), and
36 codon sites under selection. The alignment of ARIS3 (which included a large

proportion of gap sites, and only 297 codons without gaps) showed no branches under
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selection in the gene tree. The selection analysis on the partitions of ARIS3 found 5
branches under selection (4 planktonic lineages including 3 internal nodes and a
terminal branch leading to Dermasterias imbricata; and 1 benthic lineage leading
Henricia sanguinolenta), and 43 codon sites under selection. Although | did not use
MEME to search for codons under selection among non-GRGs in which aBSREL
showed no branches under selection for this section of the analysis, when | analyzed the
ARIS3 alignment using MEME | also found fewer (8) sites under selection for that GRG.

By contrast, | found little evidence of selection on OBil. No branches were found
under selection in the gene tree, and (in a separate analysis) a single codon site (near
the codon site 312, outside of the binding site and in the middle of the first section of the
HSP70 domain) was under selection in MEME. The analysis of the OBil partitions
provided more evidence of selection, including 5 branches (all planktonic lineages, of
which 3 were internal lineages, and two were terminal branches leading to Solaster

dawsoni and Pteraster tesselatus), and 24 codon sites under selection.

4.3.4. Episodic diversifying selection on other genes in the female
gene set

| analyzed 1150 single-copy orthogroups and found at least one lineage under
selection in 69 of them (Figure 4-2). The highest number of lineages under selection in
any orthogroup was 4 (compared to 11 lineages in EBR1). Among those 69 orthogroups
with lineages under selection, 51 showed episodes of selection on individual codons.
The highest number of sites under selection in an orthogroup was six (compared to 8-72

codons under selection in EBR1 and ARIS genes).
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Figure 4.2. Bubble plot of total number of episodes of diversifying selection
across orthogroups in the female gene set (orange, cyan) and
gamete-recognition genes (red, blue). Pairs of symbols for some
GRGs show the number of positively selected branches with
planktonic (red) or benthic (blue) fertilization. Symbols for single
genes in different categories were jittered to make both symbols
visible.
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After screening for recombination and partitioning the 5 GRGs and the 25 longest
nonGRGs into blocks of nonrecombining sites, | found the average numbers of codon
sites under selection or lineages under selection was about three-fold larger in GRGs

than in any of the five groups of non-GRGs (Figure 4-3).
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Figure 4.3. Plot of average number of MEME codons (left) and aBSREL lineages
(right) under selection in GRG (white circles) and nonGRG (gray
circles).
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4.3.5. Tests of two hypotheses: more episodes of diversifying
selection on GRGs? More episodes of diversifying selection among
broadcast spawners?

| used those results to ask whether these data indicate more episodes of positive
or diversifying selection acting on GRGs compared to other orthogroups from the female
gene set. First, | compared both the aBSREL results and the MEME results from
analyses without assessing recombination and without partitioning individual alignments,
and counted episodes of selection (associated with times in the history of the organisms,
or with sites or functions in the coding sequence). The proportion of GRGs with lineages
under selection in aBSREL models was about an order of magnitude greater (3 out of 5)
than for other orthogroups (69 out of 1150), and the mean number of lineages under
selection was greater in those three GRGs (5.3) than in those 69 other orthogroups
(1.4). However, because of the unbalanced sampled of GRGs compared to other
orthogroups, a Welch'’s test of that difference returned a non-significant result (t=1.4,
p=0.30).

Similarly, | found more GRGs with codons under selection in MEME models (3

out of 3, including only those GRGs with at least 1 branch under selection in aBSREL)
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compared to other orthogroups (51 out of 69). The mean number of codons under
selection was about an order of magnitude greater in those GRGs (33) than in other
orthogroups (2.3) and the range of those values did not overlap between those two
classes of genes (8-72 episodes of selection in GRGs, 0-6 in other orthogroups).
However, that difference was not significant (t=1.6, p=0.25), again due to the

unbalanced sample sizes.

In general, those results are consistent with the expected pattern for this type of
genome-scale comparison, with more episodes of positive selection on GRGs, probably
due to their sensitivity to sexual selection and sexual conflicts of interest. However, the
interpretation of that pattern is limited by the small number of GRGs that can be sampled
and analyzed relative to the size of sea star genomes and the large number of genes
expressed in their gonad transcriptomes.

| also used those results to ask whether there are more episodes of positive
selection among GRGs from many species or lineages with broadcast spawning (and
stronger sexual selection) compared to GRGs from four species with benthic fertilization
(expected to have weaker sexual selection). Because the MEME results (episodes of
selection on specific codons) are not associated with a particular species or lineage in
the gene tree, this hypothesis cannot be tested using the MEME results. In the aBSREL
results, | found a slightly larger proportion of positively selected branches among
planktonic lineages (of the 16 positively selected branches for the three GRGs, 15 out of
the 16 were in planktonic lineages) in gene trees for three GRGs (EBR1, ARIS1, ARIS2)
compared to positively selected branches in 69 other orthogroups (84 positively selected
branches among planktonic lineages out of 95 positively selected branches in total)
(Table 4-4). That comparison does not indicate a large difference in the response to
selection on GRGs associated with species differences in the mode of fertilization; it
supports the overall conclusion (above) that there are more episodes of diversifying
selection in parts of the genome that encode GRGs, but does not point specifically to
stronger sexual selection on broadcast spawners as the cause of that difference

between the two gene classes.
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Total number of aBSREL Total number of aBSREL

branches under branches under
selection in planktonic selection in benthic
group group
GRG 15 (93.8%) 1 (6.3%)
Non-GRG 84 (88.4%) 11 (11.6%)
Table 4.4. Table of total branches under selection in aBSREL.

Second, | carried out a more fair comparison between five groups of non-GRGs
and the single group of GRGs, based on aBSREL analyses of partitions of
nonrecombining blocks of codons (identified by GARD), to ask whether there is a
difference in the response to selection between lineages with planktonic and benthic
fertilization (Figure 4-4). Among planktonic lineages under selection in aBSREL, the
mean number of lineages under selection was about three-fold higher among GRGs
than in all five groups of nonGRGs. The same large difference was not present among
benthic lineages under selection in aBSREL. These results support the expectation that
broadcast spawners are under stronger selection linked to life history differences (in
comparison to species with benthic fertilization), and that those differences act
specifically on gamete-recognition genes but not other genes in the same

transcriptomes.
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Figure 4.4. Plot of average aBSREL lineages under selection in planktonic
(yellow = non GRG and orange = GRG) and benthic (dark blue =
nonGRG and light blue = GRG) fertilizers

Lineages under selection

by life history type

2 6
5
0 (@)
> 5
(48]
22
T
oo 4
o =
A

o
O o 3
o a
c 3
2o
Ey 2
2 a
85 @
cg 1

(]
29 @000

0 &_
Planktonic Benthic
@ nonGRG @ GRG @ nonGRG @ GRG
Planktonic Planktonic Benthic Benthic

Life history

An alternative approach to asking whether lineages with planktonic fertilization
show more evidence of diversifying selection uses the BUSTED method. When all
lineages with planktonic fertilization (including internal branches leading to at least one
species of broadcast spawners) were placed together in the foreground class of
branches and allowed to evolve with a high dN at some codons in the alignment, at least
one of the partitions of the five GRGs (EBR1, ARIS1, ARIS2) were found to have a
better model fit to the data when the model included that third class of positively selected
codons for foreground branches (and with the benthic sea stars set as background;
Table 4-5). Those results are consistent with the aBSREL and MEME results (which fit
selection models to the coding sequence data without regard for the phenotypic traits of
the sampled lineages), and they support the hypothesis that sexual selection acts
relatively strongly on the gamete properties of broadcast spawners and generates a
signal of positive selection on GRGs specifically associated with those lineages in the

gene tree.
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OBit 1-435 No 0.209

436-826 Yes 0.048
827-913 No 0.249
EBR1 1-282 No 0.403
No No 0.199
620-1147 Yes 0.000
1148-2033 Yes 0.001
2034-2442 Yes 0.006
2443-3240 Yes 0.020
3241-3494 Yes 0.000
ARIS1 1-781 Yes 0.001
782-1085 No 0.500
1086-1158 Yes 0.000
ARIS1 1-84 No 0.500
85 - 646 No 0.142
647 - 808 Yes 0.000
ARIS3 1-108 Yes 0.055
109-662 No 0.317
663-845 Yes 0.001

Table 4.5. Summary of the number of partitions of GRGs based on
recombination breakpoints found by GARD. The partitions with
significant evidence of episodic diversifying selection of sites or
branches identified with BUSTED were presented as yes or no
results. The corresponding p-values were provided for the BUSTED
results.

4.4. Discussion

In this study | found evidence of high rates of codon evolution of gamete-
recognition genes in comparison to the rest of the transcriptome, and | found evidence
that the response to selection among GRGs depends on the mode of fertilization of the

adult sea stars.
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4.4.1. Selection on gamete-recognition genes

GRGs seem to have a stronger response to selection than non-GRGs, and their
high rates of codon evolution. The number of codons under selection (100 codons in
EBR1, ARIS1, ARIS2) was similar to the total number of codon sites under selection
(116) among all other orthogroups tested in the female gene set (69 genes). A similar
pattern was observed in analyses of the partitions data for five GRGs and five groups of
non-GRGs. The average number of codons under selection in GRGs was three-fold
larger than the average number of codons under selection in the non-GRGs. Additional
assessment of genes without evidence of lineages under selection may strengthen the
results of this analysis, including a comparison of male genes. GRGs have previously
been found to be under strong selection leading to high rates of codon evolution, and

these results are consistent with this finding (Palumbi, 2009).

The egg bindin receptor EBR1 had highly conserved protein domains across
species, with the exception of a missing TSP1 domain in A. cf. solaris. The gene was not
detected among the transcripts of the spinulosids and several other sea stars (P.
giganteus, P. ochraceus, M. glacialis). The absence of this gene in some of the sea stars
could be a result of the poor assembly of the transcript, but this seems unlikely to
account for the absence of EBR1 expression among all Spinulosida. An alternative
explanation is the replacement of EBR1 by a different sperm-binding protein in the egg
coat of spinulosids. Similarly, the truncation of EBR1 in C. hystera may be the result of a
species-specific response to relaxation of selection associated with the evolution of
internal self-fertilization. The broad distribution of sites under selection across the EBR1
coding sequence indicates that this gene may be under several different types of
selection pressures. Selection in sites outside of the regions that are predicted to interact
with bindin could represent ongoing changes in secondary interactions of EBR1 with
other genes not yet described.

The conservation of the domain structure of the ARIS genes was difficult to
assess as the methods used for identifying predicted protein domain structures could not
identify the ARIS domains in any of the genes present including the reference ARIS
genes. Unlike ARIS2 and ARIS3, ARIS1 has two additional conserved domains: FA58C
and a kringle domain. Both of the additional domains of ARIS1 were present in all of the
species, with the exception of the paxillosids A. aranciacus and L. clathrata. The function

of the kringle domain in ARIS1 is unclear, but it is suspected to be involved in binding
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and polymerization with other ARIS proteins (Hoshi et al. 2012). The absence of the
kringle domain in ARIS1 of the paxillosids could indicate modification of the structure
and organization of the ARIS complex. It could also reflect instead a complication in the
assembly process or in the identification of ARIS1. Selection on the coding sequence
domain organization of ARIS1 is also indicated by the duplicated kringle domain in
ARIS1 of D. imbricata. Of all of the species in this study, D. imbricata had the largest
number of domain differences in combination with insertions, including 1) absence of an
OBil transcript, 2) a large insertion in EBR1, and 3) the kringle domain duplication in
ARIS1. The functional significance of these changes in the GRGs of D. imbricata is not
clear, but they suggest that the fertilization ecology of this large and abundant species
might be a rewarding area of study.

4.4.2. Evolution of mating systems

There was some evidence of a stronger response to selection (as measured by
the proportion of lineages under selection) in the GRGs from lineages with planktonic
fertilization (the mode of reproduction with expected stronger sexual selection) in
comparison to species with benthic fertilization. The evidence came from BUSTED
analyses that showed higher values of w at some codons in GRGs of species with
broadcast spawning. My comparisons of groups of non-GRGs (with relatively long
coding sequences) to GRGs provided further support for the conclusion that stronger
divergence of GRGs occurs among lineages with planktonic fertilization and stronger
sexual selection (due to sperm to sperm competition and to sexual conflicts), but not

among nonGRGs.

A comparison of male GRGs could provide additional resolution needed to
further assess the expected association between rates of molecular evolution of GRGs
and the ecology of spawning and fertilization. Because the current analysis is based on
female GRGs, it is hard to assess whether the current pattern is unique to genes
expressed in eggs. My predictions are based in part on the assumption that genes
expressed in the egg coat coevolve with cognate molecules expressed in sperm, and
that an evolutionary response to sexual selection on males via sperm competition will
affect the evolution of egg-expressed molecules that interact with sperm molecules
under selection. If most sexual selection acts directly on males and sperm traits, and if

the epistatic interactions between sperm- and egg-expressed genes are not sufficiently
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strong, then the evidence for selection on traits of females and eggs (and the signal of
diversifying selection acting on egg-expressed genes) may be weaker than the signal of
selection acting on male-expressed genes. On the other hand, similar patterns of
episodic diversifying selection on male GRGs and the male gene set could indicate that
fertilization ecology (and expected sexual selection associated with broadcast spawning)

alone may not explain the diversification of GRGs.

4.4.3. Hermaphroditism

The expression of male- or female-specific GRGs in the other gonad type could
indicate the unexpected presence of both gametes in an individual. | found all of the
gamete-recognition genes of female Pisaster brevispinus expressed in the testis
transcriptome of a male individual of Pisaster brevispinus. That expression pattern could
indicate unexpected cryptic hermaphroditism. Hermaphrodites in ‘gonochoric’ sea star
species are rarely known to occur. Recent work in transcriptomes of Acanthaster cf.
solaris found a similar pattern in the gonads that was confirmed to be a state of
hermaphroditism with histological work (see Chapter 2; Guerra et al. 2020).
Hermaphrodites have not previously been reported among Pisaster species, in spite of
decades of research focused on their influence on community structure in the
northeastern Pacific intertidal zone and susceptibility to outbreaks of sea star wasting

disease, and their important role in the history of experimental ecology.
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Chapter 5.

Synthesis

Introduction

In this thesis, | studied the characteristics of gamete-recognition genes and the
evidence for selection acting on them to better understand the process of reproductive
isolation and speciation. Here, | summarize the findings of these studies and their
broader significance.

Non-sex specific expression of gamete-recognition genes

In chapter 2, my collaborators and | found evidence of non-sex specific gamete-
recognition gene (GRG) expression in the sea star Acanthaster cf. solaris or the crown-
of-thorns sea stars (COTS). COTS are keystone predators of corals with high fecundity
(Babcock et al., 2016 and Uthicke et al., 2009). Population outbreaks of COTS have
resulted in the decimation of corals in the Indo-Pacific (Birkeland, 1982; Caballes, 2014;
Colgan, 1987; Pratchett & Mellin et al., 2019), and the causes of the outbreaks are still
not well understood. In this chapter, | studied the characteristics and expression of
GRGs in COTS using new and previously published transcriptomic data, and found
evidence of non-sex specific expression in two samples. The first case was a female
COTS collected from the shores of Japan for this study; this female had the expression
of the male GRGs bindin and guanylate cyclase. The second case was a pooled sample
of males collected from the shores of Australia for a study of the testes transcriptomes of
COTS (Stewart et al., 2015); this pooled sample included at least one individual with the
expression of the female GRGs ARIS1, ARIS2, ARIS3, and EBR1. These findings
suggested a facultative hermaphroditic state, because GRGs are sex specific and the
evidence of hermaphroditism was only found in some of the individuals (Hirohashi et al.
2008). That interpretation was further corroborated by colleagues in Japan who provided
histological data from three individuals that included male and female gametes in the
same individual and in the same cross sections of the male or female gonads, showing

the production of both sperm and eggs (Figures 2-4, 2-5).
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In chapter 4, | also found some evidence of non-sex-specific expression of GRGs
in the giant pink sea star Pisaster brevispinus. The giant pink sea star was until recently
a common sea star found in temperate marine ecosystems of the Pacific coast of the
U.S.A and Canada, but their populations declined after a series of sea star wasting
disease events (Montecino-Latorre et al., 2016). In chapter 4, | found four female GRGs
in one male P. brevispinus. As | prepare the manuscript for publication, | will search for
male GRGs in the female P. brevispinus to assess whether the hermaphroditic state is
evident in both sexes. If facultative hermaphroditism is rare then this state may be hard
to detect as evidence is likely to be dismissed as an error or an abnormality, therefore it
is likely that the frequency of facultative hermaphroditism in echinoderms is greater than
is currently known. As high-throughput sequencing data become more affordable and
commonly used in ecological and evolutionary analysis, the study of expression of sex-
specific genes such as GRGs could be used to identify rare reproductive modes such as
facultative hermaphroditism or parthenogenesis. Rare forms of facultative
hermaphroditism are suspected in various marine invertebrates (Ghiselin, 1969; Marin et
al., 2005).

Gamete-recognition genes, reproductive isolation, and
speciation

Rapid evolution of gamete compatibility genes is expected to result in
reproductive isolation and speciation (Palumbi, 2009), but GRG divergence may not
occur before speciation if selection on other traits (not gamete compatibility) is the
process leading to reproductive isolation. In chapter 3 | compared the divergence of
gamete-recognition genes in two recently diverged sea stars (<10,000 years ago; Hart &
Puritz, 2020; Puritz et al., 2012) with similar morphology but with contrasting mating
systems (Dartnall et al., 2003. | found little evidence of a stronger response to sexual
selection in the GRGs of C. pentagona (in which only one lineage in the GRG REJ1 was
found to be under selection) compared to C. hystera. Furthermore, | found some
evidence that was consistent with relaxed selection against deleterious mutations in one
of the GRGs (truncation of the coding sequence in the EBR1 gene) in the self-fertilizing
C. hystera. My results indicated that the GRGs analyzed did not play a strong role in the
divergence of C. hystera from C. pentagona. Instead, | found evidence of selection on

several other genes, including HIP1 that is predicted to be involved in spawning or in
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delay of egg release and may have facilitated the evolution of internal fertilization
(Parker et al., 2007; Parker, 2001). | also found other adaptations to the slow block to
polyspermy, ion channels, metabolic adaptations to oxidative stress, and chromosomal

regulation.

Mating system and gamete-recognition gene evolution

Differences in the strength of sexual selection among species with different
modes of spawning and fertilization are expected to result in a difference in the response
to selection among their GRGs, and this study provided some evidence to support this
expectation. In chapter 4, | compared selection on female GRGs from 26 species with
broadcast spawning or with benthic fertilization. These groups are expected to differ in
the strength of sexual selection because sperm competition is expected to be reduced in
benthic fertilization. | found evidence of differences in response to selection on GRGs
compared to non-GRGs in the form of differences in the number of lineages under
selection in analyses (using BUSTED) that specifically tested the difference between the
two sets of lineages with different life history traits. Past work has also found evidence of
strong responses to sexual selection in male-expressed genes in comparisons between
species with different mating systems (Weber et al., 2017; Pujolar and Pogson, 2011;
Sunday and Hart, 2013; Hart et al., 2013), so it is possible that a stronger difference in
response to sexual selection among lineages can be found in male GRGs, or among
other GRGs that | was not able to identify and analyze due to limitations on the quality of

annotation information or due to the evolution of new gene functions in some species.
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Appendix A. Frequency distribution of coverage.
Numbers of transcripts and percent coverage in BLAST
comparisons to the UniProt database, Acanthaster planci
protein reference database, and the Strongylocentrotus
purpuratus database

(A)
100 3,276 3,276
90 1,287 4,563
80 878 5,441
70 782 6,223
60 749 6,972
50 778 7,750
40 838 8,588
30 740 9,328
20 673 10,001
10 216 10,217
(B)
100 3,288 3,288
90 346 3,634
80 277 3,911
70 343 4,254
60 414 4,668
50 324 4,992
40 375 5,367
30 370 5,737
20 404 6,141
10 222 6,363
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(©)

Hit percentage cover in bin Count in bin > Bin below
100 2,862 2,862
920 915 3,777
80 667 4,444
70 593 5,037
60 617 5,654
50 597 6,251
40 619 6,870
30 494 7,364
20 420 7,784
10 172 7,956
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Appendix B. List of gamete-recognition genes used as a
reference database for pairwise analysis

Asterosap Asterias amurensis NA Nakachi 2008
ARIS1 Asterias amurensis AB602892 Naruse et al. 2011
Acanthaster planci AB602901
ARIS2 Asterias amurensis AB602893 Naruse et al. 2011
Acanthaster planci AB602902
ARIS3 Asterias amurensis AB602894 Naruse et al. 2011
Acanthaster planci AB602903
Bindin Patiria miniata FJ439659 Sunday and Hart (2013)
Evasterias troschelii KT318446 Patino et al. (2016)
Dermasterias imbricata KT318447
Meridiastra calcar KT318448
Patiria pectinifera KT318449
Cryptasterina hystera KT318450
Cryptasterina pentagona KT318451
Parvulastra exigua KT318454
Parvulastra parvivipara KT318452
Parvulastra vivipara KT318453
Pisaster ochraceus KJ481933 Popovic et al. (2014)
Pisaster giganteus KJ481934
Pisaster brevispinus KJ481935
EBR1 Patiria miniata PRJINA175319 Hart 2013
Guanylate Asterias amurensis AB070354.1 Matsumoto et al. 2003
cyclase
OBi1 Patiria miniata PRJNA52335 Hart and Foster 2013
REJ1 Strongylocentrotus NM_214608.1 Moy et al. 1996
purpuratus
REJ3 Strongylocentrotus NM_214636.1 Mengerink et al. 2002
purpuratus

Includes sequence or BioProject accessions, and references
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Appendix C. Quality check step for samples and
biological replicates. (A) Sum of mapped fragments for
individual male and female samples. (B) Correlation matrix
of the four samples. (C) Principal component analysis (PCA)
with percent variation for each of the male and female
samples.

A)
35,000,000 —

30,000,000 —
25,000,000 —
20,000,000
15,000,000 —

10,000,000 —

Sum of mapped fragments

5,000,000 —

0_

Male 1
Male 2
Male 3
Male 4
Female 1
Female 2
Female 3

Sum of mapped fragments
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Appendix D. Gamete-recognition genes of Acanthaster cf.
solaris. Coding sequences for eight gamete-recognition
genes from testis and ovary transcriptomes

>ARIS1_Reference-transcriptome|Acanthaster_cf_solaris|TRINITY_GG_10398_c¢12_g1_il
TTTCCCTCCCTTCAACTCGTATCTTCTCATTTTTCTGTCGTAACTCCGATTCGCATCAAAAGCCGAGGGCAGCCCCATCCTGTTTTGGCTTGTGAAAATTATAGGGTAGGCCTACTCAACTTGCATCTTGGACTCCGAGAAATGTTTCTGACCGGTT
TGTGCTGCTTATTGGT

GCTGGGTCTGGCGACGCCCGGCGCCTGGGCGGCATTCGGTGATGTTGGGACCCACGGAAGAGATGACCTGTTCGAAAAGATGGGACAGGCAAGGGTTGAAGAGTTCGAAGTTGTTAATGGTCAGG TGTCTTTGGACATTGTGTTGGAGGACA
CGGAGGGCCAAGACGAGGTCT

GGATCCTGGACTTCCAAGATTTTGACCACATGCAGAACAAGTCTCAGCGGCCCATCGTGAAGACTGATGGAGGGAAACTGGTTGCAGAGCATACGGGGACCTGCTCAAGTGTCTTTTCTTCAGTG CCGTATCATTCTGTCACTGGCTTCTACAAG
GATACATATGCTCCTGCT
CCCCCTGGGAACAAAACACTCTTCAACACCTACCAGACCAATGGAACATTTGTGCAGAAGGGCGACATACGAGTCAGGGAGGACCATCTTCAGTTTGATGGCGTGATTGACACCATGTTTGAGTGCAAGACCAGTGATGGTGCCAATGTCTGGC
ACAAAGAGGTAACACCTGA
GACTATCCAGTTCAACACCACGCTCTTCATGACCAACGTTAGACCACAGGGCTCCAGTTCTAACCCGGACCCAGCCTACGTTCAGAGTTATGCTGTTTTGTACTGGCGTCTGTTGCGTGTGGCTTTGGCGAGGTTCTTGATAAGTTCAACAGAACA
ACTGAAGCCGATCTTCG

AGTATGCCCTGGTGAGGCCTGTATATCTAAATGATGACGAGGAGTATGGATTTGACGAGGATCGAGCGGAAGTGGAGCTTGCCTTTCGCACCCTGACAGCGCACCCAAACGGCAGCCTCATATCG GTCTACAGGGTGAACAGTTTGGAGTATGA
CCCTGCTGATCTGCTTGTT
GGCAACAAGCTTGGACACATCAAGATGATACCCACCAGGGGTTGCCATCTTCCCCTTGGTGTGGAAAATGGCACCATCTCTGATTCCCAGCTGTCGTCCTCATCTGTCTGGTTGAACAGTGCAGAGTACAGTGCCCCCAAGGCTCGGCTGAATG
CCCAACCAATCGATGCTGT

CTCTGCTGGGGCCTGGTTGGCCGGCACTATTGACGCCAATCAGTGGATACAGGTGGATCTACTAACGCAGACATGGGTGTCAGGAGTACTCACCCAAGGTTACATTTACCAGGACACTGTTATGT GGGTTACAAAGTACAGCGTCTCTCACAGC
GCTGAAGCTGCCGGCAGCT
TGTCTCCTGTCTTCAATGAGTCTGGCGTGAATGCTGTACCAGTCGTATTTGCTGGGAACTATGACAGTGAGACTATTGTCAAAAACTACTTTGACGATCCCATTTTGACCCAGAGGATCCGCATCTTACCCCAAGAGTGGTCCAATGGCATAGCCA
TGCGAATTGAGCTGCTT
GGATGTGACACCCACACTGAGTGTTACACCGACTCCAATGGAGAGGACTACCGGGGAACAGTTTCGGTCACAGAGTCGGGTGAGACCTGCCAACGCTGGTCTGCTCAGGAGCCCCACACCCATTCCTTCACCCCCGAGAACTATGCCCACCGC
GGCATCGGCGACCACAACTT

CTGCCGAAGTCTGGATAATGCCACCCGGCCCTGGTGCTACACACTCAATCCCAGCATGCCCATTGGCTTCTGTGATGTTGGAGTGGCACAGGTGTCCTGCACACCTAATGTGACAAGAG ATGCTCCAAGCAACTTCTATGCCAATTATGCACCCT
ACTGCAACTTCACCGAGT

GGGAGAACTACTGCACGCAGCGTTGGGTGTTTGTACTCGTTCTGGAAGTGGACTCCTCAGGAGCCACCAATAGAATGCCCATTGATGCTACGGGCGAGTTTACCTTCGAGT TTGACACGTACGAC TGTCCTAACAATGACCGCTCAGTCTGTCG
GAGACTGGATATTCCTGAA
GCTATTGTCTCCAACGAGATCACCTTGCAAACCACCGTAGAAGTTGTTGATGACGCAAAGGACAGCCCTAGGGTTTACTTGAAGAAGGTGCATGGATCGGACCCAACCGTGGACATCAGGGGTGGGGTTCCACCTGGCGTGTCTCATCTTGAAG
CAGTCACTGTGGAGACCCA
TTTCTTCCCGCTCTTCCTGAGAGACGAGCTTGAAATGGAATTGACATTGTTTATGGTGTGCATTGGCTCTGAATTTAACTCTGGCGATGGCTGTCTGACTTCATCCCCAGAGAACTCCTACACAGCCTATGTCTCGCCAAATTTCTTCTACCGTCTG
TACACTGCTCCGGAGG

CCTTCACCGATCTCTTTGCTGACGACATAGCCACTTCTACTCAGACTCTGGACTCGCACAGCTACATCCATGCCAGCGAGATGCACCGCACAGTCTTCACCAACAAGGCGCTGTCGGCCAGGTCC CAGGAGTACACCATCACCAGTGTCTTCCG
GCTGGTGGAGAGGGCCGGG
CGAAGGAGGCGGGCCATCCTGAAGCGCGATGTCCAGGACAAGGTTGACGAGCCCATCCTGGTCCACCAGACGATCCTCTTCCGGGGCTGTCCGCCGAACTCTGTCCACGATGTGCAGAAGCAGGCCTGCGTGTGCAGCAAGG ATGGGAAGG
TGTATTCGCGCGACACCTTCGA
GTGTGTGAAGTTGAGCCCTAGCCTTTCAGATGAGGAAAAGCAATCACCAGTTGACAGTGCCAAGACTCCAGGAGAAAGTAATGATCCAGGCAACGACTCAAGCCAAGGTCATCATGAGAACAACTCTGCCACACTCAACACCTCAATGCTCGTAC
CACTCATCTGTATCTTCA CTCTCGTTGCCTCATTGATG

>ARIS2_| f-solaris|TRINITY_GG_31908_c1_g1_i1
AAACTGGTTGAAGACCGGACGGTATGCAACCCTGATCTACACAGAGGACACACCCTTGTCACCCACGCAACCATGCTTATTCTACCGAGGCTTGCTGTCCTTCTTGCCTTCCTCGGCACCCTTTTTGGGCAATCGGCCGCCAGGTTCGGCGACG
CCATCGAGGATAAGGTGTC

TGATAGCCGGTTCCGGAACATGGGGCAGGCCTACATCTCACAATTCGAAATAGTCGACAGTACGACGAAATTTCAAGTAGTCTTAGAGGACACCTTGAACGAGCCCGAGTACTGGGTGGTTGATT TTCAGCAGTACGGCGCTGAAGGTCTCACG
GCTGTCGATACCCAAACCG
GCAGTATTCACCCTGAGAATACTGGCGAGTGCTCCAGCGTCATCTTCAGTGCACCCTACCAAGAGGAGAATGTCACGGTTGGCTACTACTTCAGTGACCAGGGCAATTTCGTGAGTAGAAACGTGAGCCTAACTGACAATCAGATAGACGGCAG
TGGAGCAAACAAACGTCTC
TTCACCAGCTACCAACGCGGAAGCAACTTCACGGAACCCGACAGCGATGGAAACGACATCCAAAGACGAAACTATGTCCTGTCGTTTGATGATGATTTTGGTTACTTCTTCAACTGCACTGACACGAATGGCATGAATATCTGGGAGTTCTCCAAT
ACGACCGATACTATCGA
GTTCCGAACGACAATCTACTTCACCAATGTCAGGCCTGTGGACCCCACTGACGGCACAAAGGGTATGTCCTGGGTAACGTCCAGTGTGGATCTGTTCTACCGCCTGAATCGAGTAGCCATCGTCAATTTCATTGTCAGCTCCATCGCCTTGGTGA
AACCAGTACTGGACTTCG
TCATCATTGACTTGTATTTCCCGCCGGCAACACCGACTATTCCCGATACCAAGAAAGTTTCCATCGAGATGCAATTCCAGACCACCATTGAGTCGCCAAATGGTGAGTTGTTGGCGTTGTACAACAGCACCTCGTTTAAATACCTGCCCAAGAATG
AAACCGCAGCCAGCTTC
ATCAACTTCGACTTGGGCTACGACTTTCCGAATGGCACCCAACAGTGCCAATACGTGGGAACCGCAAGATGCCGACAGATTTGGAATTTCAACTTCGTTCTCGAACTAGACGTGGTGGTCACAGATGACGACATGCCAATTGATGCCACAGGTAC
TTTCAAGTTTTTGTTCGC

CAAGTACCAGTGCAATGATCCCACGGAGAAGAAACCGATCGATTGTATCGAGATGAACGTGGATCCTCTGACAATTTCCCTCGAGGTTACAATACAGACTGTTGTTCAGGTGGTGGATAGCACCT CAGATACCCCGACTATTCAGCTTGTTTCACT
CACCGGCAATAACGGGG
AAGATCTGCGGAGCGGCGGAGGGAGACGAGGCGTCAATCATTTGGAGCCTGTCAGCATCGTCGTTCAATACTTCCCAGAATTCCTCCGGAGAGACTTTGATCTAGAGTTGACCCTCTTCATGGTGTGCAAGTCCAACTTGCTTAGCTCGGATGC
AGGGTGTCTCAGTGCTCCG
CAGGCTCAACGCTACGTCGCCTACTCCAATGCCAACTTTCAGTTCGCCGTCGAAACTGATAACAACGGTGACTCCACGACTGTTACCTACGACTCGAGTAGCCTGACGAACGACAACAAAGTGCAGAAGCTCACGACAAACGCGTACGACTCGA
CCAACGAGGTTTACAACAT
GGGTTTCACCAACACAGCGCTGTCGCAGGACCGGTTGACGTACACGATCACCACCGTGTTCCGACTCGTGCAGAAGCCCAGTGCGCGAAGGAGACGAGCCATCGCTGCTCGGACGCAGCTGATACTGACGTCTTCCCTCGACGGCGATGTGG
AGCGAATGGCCCGGGGCCTAA

TGGCTTACGGACTGCCAAGAGCACGGACGAGACGAGATATCATGGAAGCCGTTGCAGACCCCCAAGGTCACATATACACGCTGACATTCAACGGCTGCCCGGCAAACTCCACGTTCAACGCCGGT ACCTATCACTGCCAGTGCGACCGAGAAA
GCGAACGCTACAGCACGGAA
TCGTTCACGTGTCAGGGGCCCAAGTCCCTCCCGCCTGGATTGGCCCCCGTTGATGTTGTCGAAGATCTCCAGGAACCCGATTCTGGGAGGATGCCTTCGTCCGGCATCAGTACTGCCCCCGACTCCGCCCTGTTCTACGCCGTATTAACAGTAT
GGTTCACTGGATACTTGTG CTTACTG

>ARIS3_| f-solaris|TRINITY_GG_32225_c25_g1_i2
CGAAGGCTACTCCTTGTTCGCTTAACCTTTACCGTACGCTTAGGCTGGCATTGCCGGGGCCCAATGAGTTTCAACGGTATGTGGATCCTGTGCACCCTGGTACTGTTCGCACAACTCTCCAGAGCACTAGGCGCTTTTGGTGACGATATTTCGCA
AGATAATGAGGACAACAG
ATTCGCAGTTATGGGCCAGGTAACAAAGGATATATTCGATGTACAGAGTGGAAACGTCACCCTGCAACTCAATGTTCAAGACACAACAGGCACGATGGAGTTTTGGCTTCTTGACTTCCAAGAATATAGATTTAATCTTGACGCCTTGCCTGTTGAT
GAGGTCACAGGTAATT
TGTTGAAGGACAGAACCTCTGCATGCTCCAATGTGTACGAAGATGCAGACTGGGATACTTTCTTCAACGACAGTTACATCCAGGACAAAGGGGACAGCAGTCTAACGTCGAAGAATCTTTTTACAACAATTAAAAGGGGAGATATTGACACTGATG
GCATCATGCGAAATGAC
AAAATCATCTTCCAAGGAGATATGGCAACATTCGCAAACTGCAAGGACTCCAATGACGAGGAATACGTCTGGGAGATGACTGCTATCACCAGCGACGAAATTGAATACAGGACAAAGTTATATGCCACCAACATTAGACCAAAAGAT CCCGAGGA
TCCGACAGGAGGGGTGTC
GTTTGTACAGTCACACATTGAATTGATCTGGAGAATATCCAGATCAGTCTTGGCCAAGTTCTTAATCAGTTCCACTGCCCTGATAAAACCGGTACTGGAGTTTGCTAGAGTGTCGGCTGTTTATGACGAACAGAACAGAGTTGTACCAACCCAGTC
AGCACTCCATATCAGGT

TTCGGACTATTGTCGATGCAAATGATCAGATGGTCAATTATGAGAACAACAGCATTACATATTTACCAGAAAATGTCAACCATGCTCTGAATACGATTGTCTACCAACCAGTGGGCATACTAGAT GAGGCACCAGCTTGTGATTTTGTATTAGATGA
AGGAACTCGAACACAG
ATGCAGTGTCAACAGGCTTGGGAGTTTAAGATGATACTTGATATAGACACATCCACCCAAGTGGACAATCGAGTGCCAATTGATGCTAGTGGAACATTTGAATTTCTTTACATGGCTTACAGATGTGGCCTGGAGAACAACACTCTGAATGTTTCAT
CTTGTATTGCAATGAG

TGTTGACCCAGCCAAGATCTCGGCATTGATCACTATTCAGACAACAGTCTTTGTACAAGATGAAGAAGAAGACCAAGTGATAATCATACTCCAT TCACTGACAGGTGCAAGCAATGAAGACCTCAGCTATGGCACGGGATCCAGGGGAGTAGCTC
ACAAAGAGTATGTTGACC

TGCGAGTTAAATTCTCCCCTGCTTTCCTCCGCAAAGACTATGACCTCTTTCTGCTACTCTTCATGGTATGCAAAGGGCAGGAATATGCCAGTGACCAGTATTTACAGGGTTGTCTGCAAGCACCT TCTGAAGACCGCTACGTTGCACACTATGATG
CTACTTTCAACTTCATT
CCTCGCATCACAGACGATAATGGAACAGTGGTGATTCTGAACGCTTACAATACTACTCATGTGGAAAATGATGTTCAACAACCTCTCCACATTCAAGAATATTTACGTGAAGAGTCAGGAGAGACTTTGGCAATTCCTGTACACCGTTCTACCTTCT
ACAACCTGGCGCTGTC
AGCTGAGTCCGATGTCTACACGATTACTGTGGTCTACCGACTCATCGATACTCAAGGAAGAAAACGACGAGCAGCCTTGCCACACATGCAAGATATCATCTTGGCAAAAAGTGTGGTAGGCAGAGCGGGAGTAGGCAGAACAACGGGTACAATC
ATCACTCGCCATGCCCGCG
ATGTTGAAGACAGTGTACAGGCTTCTCACTCTAACAGAATCCCATTCTTGTCTCTTGGATGTCCTGAGGAAGCGACACATGTACAGGAAGAGTTGGACTGCAAGTGCCCAGCAGGAATGGTGTACAGCTTAAACTCCTTCAACTGTGAGGCATTGT
CGCTCAATGAAGATGTC AAGGAAGTGAAAGAAGATGATCAGGTCAATGACCTTAAAGAAACAGCACATGCTCAATGCATTGCCTGCCCTATTTCACTCATTTTGCTGGCAAATTCATTGCTATTCCTGTTGTTGAAAGATTAT >Bindin_from-

g predi ! 118.25.t1_modified
TACTGCAAAAATATCTTTTCAATTTTACAGTCAACGGTTGCCACAATGGATTGGCAAGCGCAACTGGTGTTGACACTAACAGTATTTGTGATACTGAGTCTGTCGTGCCAAGCTGAAGACACCGCGTGCCCCCCAGGATGCAGATGTGGTGTGGG
ACAAGCAGCCTGTCGGAA

ACCGTATAATGGCACTCAACCTCTTCCTAATCACACAACAAAACTGGAACTACATACAGTTGATCCGATTGTGCTCAGGGCACTGGTCCAAAGCGTGCCACAACTGAAGCATCTCATGCTGAATC GCCCGGAAGGATTTACAAGCGAGAATGACA
GTACTGCTCAACCGGATT

ACGAGCAAAGAATGATGACCGTCGAGGAACTTCATGATCTTCAGAAAGGAGTCATTGGACTGGCAAGCCTTGAGACCTTGAACGAGAAGGCACTAGAATGCTCATGCGACCTGTTGAGTTTGGCG GAGGCAGCTTATGGTAATGGTGTGGATCT
GTATCACGTCATTAAACTT
CTGATGAGTCAATCTTGCAGACAAGAAGGGCTGGATCTCGATCTCCATTCTCCCCTAGAACTACTTTTGCTATGCGCTTCTCGTTCATCATATCAACTCAAACCATTTCAATCAAAACCAGCACTTCTCCAGCCAAAAGAAAGCCAACTTTTATCAGC
TGAAGAAAAAGTTTC

GGAGATTCCTGGCCCCAGTTCCCACATTAGAGTACGACGTGCTGGT CC) 'GGAAC, GTH AGAGAC AA
AAGGAAGAAAGAAAGGGGGAG
AAAAACCAACGAATATTTTGACAAAAGAGAAATCAGTTAATCCAGGAACAAGAGATGTAAGACTCAAGGTAGAACGAAATGAGAGGGAATCGCAACCCAAAGAAATTGAGATAAAACCAGTTAAACCT C
AAAGGGCAACGAAAAATA
T T, GGGT) T, T AGCCGGTTATAGCGAT
GGAAGACAAAGAACGGGAAAG
CAGCGAC, AGGAGTAGCAGGCGACAAGAGAGAACCAGTAGAGAAGATTGGAACAGGGAACAAAATT) T, CAT! TGGATCAAGCAGAAATGCCGACTAAAATACCTGGGTCA
GAAAACTCACGGAAAGGAA
AAACTAAGACACC; T \TT "ACCACCAGTTATTGCAAC/ TGGAAC, CAGTTAATCCAGAAGCGGTACTAGAAGAGGCTGAGGCAGAACC
AGATGCAAAGGAAACAATG
CCTGAAGAACTTGAAATACAACCAGTTGAACAAGAACCAGTTAAACCT) C TACGAAGACAG GACCATTTATTGTGA
TGGAAGAGGAAGAAGCAGG
AACGGAAGAGAAACTAGTTAATCCAGAAACAATAGAACCAATGGAAGAACCAGTGGAAATGGAAACAAAGCCTGAAGAAACTGAGATAGAAGTTGTTGAACAAGAGC CAGTTATACC TCGC
AGAAGGGGCAAGGGAGAA
CACCCGCTGTTGTAAT, T AGCAGTTAATGCAGAAACAGGAGAAGAAGGACCAATGGCAGAACCAGTGGAAATGGAAACAAAGCCTGAAGAAA
CAGAGATAGAACTAGTTGAA
CAAGAACC, CC/ CACCAGCTGTTGTAAT, T AGCAGTTAA
TGCAGAAACAGGAGTAGAAGG
ACCAATGGAAGAACCAGTAGAAATGGAAACAAAGCCTGAAGAATTGGAGATAGAACTAGTTGAACAAGAACT) CCGC/
AAGGAAACCACCGGCTGTTG
TAAT, CAGAAAC, AGCAGTTAATGC, TAGGACCAAT CAGTGGAAACGGAAATGAAGCCTGAAGAAATGGAGACAGAACTAGTT GAACAAGAACAAGGGGGAGAGAAGCCCA
CAAAAGGAAGAAAAGGAAAA
CACCCGCTGTTGTAAT) AGCAGTTAATGCAGAAACAGGAGAAGAAGGAC CAATGGCAGAACCAGTGGAAAT
GGAAACAAAGCCTGAAGAAAC
TGAGTTAGAACTAGTTGAACAAGAACCAGTTATAC CCGC CACCAGCTGTTGTAATAGAAGAGGGGGA
AAAAGAAACAGAAGAGACAG
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CAGTTAATGC, CAAT CAGTGGAAATGGAAACAAAGCCTGAAGAAACTGAGTTAGAACTAGTTGAACAAGAACCAGTTATAC, CCGC,

GCAAGGGAGAAAGAGGGGA

AAAGGAAAGAAAGGAGGAAGGAAGCCACCAGCTGTTGTAAT, CAGAAAC AGCAGTTAATGCAGAAAAGGGAGAAGTGGGACCAATGGAAGAACCAGTGGAAACAGAAATGAAGCCTGAAGAAACAGAGACA
GAACTAGTTGAACAAGAACC

ACTTATACC CTGC/ CACCCGCTGTTGTAAT) T AGCAGTTA
ATGCAGAAACAGGAGAAGAAG

GACCAATGGAAGAACCAGTGGAAATGGAAACAAAGCCTGAAGAAACTGAGTTAGAACTAGTTGAACAAGAGCCAGTTATACC CTGC

AGAAAGGAGGAAGGAAGCCA

CCCGCTGTTGTAAT, CAGAAAC. CGCAGTTAATGCAGAAACAGGAGAAGAAGGACCAATGGAAGAACCAGTGGAAATGGAAACAAAGCCTGAAGAAACAGAGAT AGAACTAGTTGAACAAGAGCCAGTTACAC
CAGGGGGAAAGAAGCCCTC

T, T AGAAACAACGAGCTATTGTAGTAAAT! CAGTAAAAC, CAGGTGCAGCAGAGATAGGAGTAATAGGTGC

CAAGGTAGAACCGATGGAAA
TACAAGAAACAAAATTAGCAGAGGCCATGAGAGAATTAGATCAAACAGAGATACCGTTTGAAACAGAACCACTTGAGCCAGAAATGAAACTTGAAGAAGCAGAAACTGAACCACTTTGGCCTGAGACGGACCTTGTAGAGGCAGAAACCGAACCG
TTTGAGCCAGATACAGAA
ATTTTTGAAGCAGAAACTGAATTACTTGAGCCAGAAACAGAACTTGTAGAGGCAGAAACTGAACTACTTGAGCCTGAAACAGAACTTTTAGAAGCAGAAACTGAACTGTTTGAACCTGAAACAGAACTTGTTGAGGAAGCTGAACCACTTGAGCCT
GAAACAGAACTTGCTGA

GGAAGCTGAACCACTTGAGCCTGAAACAGAACTTGTTGAAGCAGAAACTGAACCACT TGAGCCTGAGACAGAACTTGTTGAAGCAGAAACTGAACCACTTGAACCAGAGACAGAACTTGTTGAAGCAGAAACTGAACCACTTGAACCAGAGACAG
AACGTATGGAAGTAAACA
TAGAGTCAGAAGAGGAGCTGTTTGAACCTAAGACAGAAGTAGCAGAAATAGATGAAAAAATGAAGGAACTGCGTGACCTCTTGGAAGCGACCAAGATGGATCTTCCAGTTGACATCAATGATCCATACGATCTGGGTCTTCTCCTTAGACACTTAC
GTCATCACTCAACTCTC CTTGCCCACATTGGTGACCCTGATGTCAAAAAAGAAGTCCTGAGCGCCATGAATGAAAAAGACGAAACT

>EBR1|Acanthaster-cf-solaris| TRINITY_GG_22397_c47_g3_i2
ATTCGGGAAACCTTGTACAATTTTCACTCGGTGCGTAAACGTGGCCTGCCATTCGAGTATTTGGGTGGTGTTCAAACGGTCAGTGCTGGTTTCTCTCCGTTCGCGACACCGAACATGACGCCGAAGATGCTCGGCCTAGCTGCCCTGGTGGCAG
CTCTGTTTTACCTAGCCTG

TTCAACTTCTGCAAAACCGCTTACACAGGGTCTAGAGCTGAGCTCTGCTGATCGGCTTCATTACTTTGGCCAAACGGAAGCACGAGATTATGAACTGGTCTCGCCGCGAGTCGCTCAGAGGAGGC GGCGAGCGACGCGGGGTAAGCACATCGA
GACCACTAAGATTGTGGCCT
TCCAAGCCTTCGGCGAAGATGTTTTGGCCGACCTGAAGCCCGTCCAAGGCCTGATCGACGCAGGGACCCTGGTCCATGAGATCGGCGAGGACGGCAAGACGGTCCTCGGTCAACCCGAGGAATACTGCTTGTACCAGGGGACGTCTGTGAGT
CACGAGAACTCGGCCGTGTAT
GGCAGCGATTGCGGTAACAAGCTTGAAGCAACTGTCACTACGGACAAGGTTTCACTCCACCTCCAGCCGTTGAAGCCCGAACATGTGGAGAAAGACGGACCCACTCACATGGTGGTCCGAAGGAGCATCAACAGGGAAGCCTGCAACATGAAT
GCCGAAAGAAATTTTGACAC
TCTGCAGACGAGGCGAAAGAGGTCAACAACCGATCCTATCTACGTGGACACCTCAGTTGTGGCTGACGACTTGGTGTACAAAACCTATCGCAACAACACCAAAAACTACATCCTGACTGTTTTGAATCAGGTTGCTGGACTGTTGAAGGACCCGA
GTTTAGACGTCAAAGTCA
ACTTGAAAATCAACAATATCAAGATTCTCAAGACACCACAGGCTGACCTGCCTCTTTCAGAGGAACTTGAGAATTCCCTGCGGAACTTTTGTGATTGGCAGAAGAGAAGCGATTCTGATATTTCGATTCTTATCACAAGGCATGACCTGGTCTCTGC
TGGCAATCGCAAGATC
ACTGGCAAAGCCGCTGATGTTGGAGGAGCATGCGACCCAAACAGACGCTGCCTTATTGGCCAAGATCACGGACCCAGTGGACTGATCTTCACCCTCGCGCATGAGATTGGGCACAGCCTTGGCATGTACCATGATGGAGGACTGAGTGACTGC
GCTAACAGGAAGAACATCAT
GGCGTCTGTCAACTCTGGTGGGCCTGACGCCTTCCACTGGTCTGAATGCAGCAATAGCGACCTCCTCAACTTCTTGGCTCATCCGGAGTCCAAGTGCTTGAAGGACAAGCCAAAGTCTCTGCCCGAATATACTGATTCCTCCATCCCCATGCCTG
GCTTTTACTACAATGCCA
GCCAGCAGTGCGCCTTGACCTTCAACGAGAAGAGTGCCGTTGCCTCGGAGGTTCTGAACAAACCAGAAATTTGTCAAGCTCTGGTTTGTAAGAATGGCAAGGGAGTCCCAGACTCCACCAACGTACCTCCCCTTGATGGAACCCGCTGTGGTAC
CAAGAGAGATATCTGCATT
CAGGGATCATGCCTGAAAGTCTACAGTACTTTTGACTGCGAAGGTGGACCCTGCATCCCATTCTGGCTGGCTAGTAATTTTGTCTGCACTGATCCGGTAAACTGCACAGCGACGCGCTCGGTCCTGTGCGTGGAAGAACACGATGACGGCACCA
CACGACGGGTCGCCGACAC
TTCGCGGTGCCCAACAGAGATCCCGTCGACCACTGGAGTCTGTCCCGACAATCCCTGCAGGTATACCTTTGTCGAAGGAGAGTTTAGTGAATGCCCGGTATCTTGCGGCACTGGTATCCAGATTCGTAGTGTTGTTTGTCAGGACCAGCTGGAA
GGAGTGGTCGTGGAGGATC

TGCTTTGCACGCAAACCAGGCCATCAACGACCCAGCTCTGTAATGCGGGTCAATGCCCAACAATCAACGTCGAATATGTCATGGGAGAATTCCAGCCGTGCTCGGTGACATGTGGGACGGGAGTC CAAGTGCGATCTGTGGAGTGCCGCGACA
ATGAGGGTAACCAGGTGGCC
GAGTCGTTCTGCCTGGATGCGGGTCTGAGCAGACCGTCGTCTACCCAGGCCTGTGATACGGGCGTCAGCTGTGGCCTGCGCTATGTGGCTGGTCCTTATGGTCAGTGCTCGGTATCCTGTGGCATTGGTATCCGCACCCGCATGATATACTGC
GTGAACGACAACAACCTCGT
GGTGGCCATCACCCGGTGTCAGGATGCGTCCTTGGAGGTCCCCACCACAGACACCACCTGCGAATTGGAGGCGTGCCCGACGCCAGTCTACACCGTCGTCCGGGGAGCATTTGGACAGTGCTCAGTTAGTTGTGGGAGTGGCACGGAGAGCA
GACTTGTGGTCTGTCTCAACA
ACAACGTCCAGGTGGACATGCAGAACTGCATCGACGCCGGACTGACCGACCTAGGGACGCAGCGGAATTGCACCCTTCCTGCTTGTCAGCCAGACTACCGCTTCCAGATGGGACCATATGGCGAG TGCTCTGTGACTTGCGGGGAAGGGCAG
CGCTTTCGTGACGTCCAGTGC
CTGGATCAGAATGACCAAGTAGTGGATGTTACCAACTGTCTAAGCTTTGGTCTGATACCGCCTGAAAGCACCATTGTGTGCTCCCTGGATGACTGCCCGACGTACGTCTACCAAGTTGGGGAATTTGGACCGTGCAGCGAGACATGCGGCAATG
GCGTACAAATCCGCACCGT

GGTCTGCATCAACAACGACACCAGGGTAGAGGTGGCAGACAGCATCTGTTCCGGGGAAAAGCCGGCCACGACTCAGCCTTGCAACCTGACGCCGTGCATCTCCTTGCTTCAGTTTGTCAGTAGCC CCTTCAGTGCCTGCAACTGCAGCGGCCT
TCAGACCCGGCTGGTCGTCT
GCATCCGGCGCTCGGGCAACATCCTGGAGCAGGTGCCTGTGCAAGCCTGCCTGGACGACGGACTGGACCCCTTGCCCACCTCCCAGGAGTGCACTCCACCCTCGACCTGTGTTCAGCTTAACCCCGTCTGGCAGACCACCGAATGGAATGGG
TGCTCAGTGACCTGTGGCGTC
GGTACCCAGGGTCGGCTGGTTTACTGCATTGAGGCCCCTGGATCCACCAACATCGTCGATGAGTCAGAGTGCATTGCAGAGGACAGACCACCGGCCTCACAGGAGTGCGACACGCAAGTGGAGTGCCCAACGGCATATCTGTGGTTGACCTAT
GATTGGGGACCCTGCAGTGT
GACCTGCGGCCTGGGCTTTGAGTCTCGCGACGTCTTCTGCTTCAATCTTGGCGACAACTTTGTGCAGGTTGAGGACTCTCTTTGCAACGCTGGGGAGAAGCCCCCCACGGTCCGCCCCTGCAGCCTTGACCCTTGTTCCGCCTCCTGGACAACA
TCGGACTGGTCCGAGTGCT
CTGTGAGCTGTGGCCCTGGTATGCAAACGCGCACCGTCGCCTGCCAACAGACCAAAGACCCCAACAGCAACTTGGTGGAGGAAACGGAGTGTGTGGCCGAGGACCAACCTTCAGCCTCCCGCCCCTGCTACCTAGCCATCTGCCCCGLCCCCC
TACGGCTGCGAGACCACGTAC
ATGTTGGAGGGCACCGTCCAATACACAGACAGCTCGCCGGGCTTCGCCAACGGCCAGAACTACCCCAACGACCTGGACTGTGACAAGGCCTTTGTGGCTGACATCCCGGCCACTGAGGGGCGCAGGCGTCGGCGAGAGACTGAAACAGAAAC
CCCCCAGTACTACATACGGCT
GACCTTCACAGCCTTTGATGTGGAACCTTCGCCAGACTGTTCTTTTGACTACCTAGAGATTACGGACGTCAGATACAACACCTCTGAGCGCCTCTGTGGCAACTCCTACGAGCTGCCGCTGGTCTGGACCTCGGTGGGACCTGACGTTAACATGT
TCTTCCACACAGATGCCA
CCGTCACCCGGCCGGGCTACTCCCTCATCTACAGCGCGGTGGAGAAGGAAGACCCCGCCCGCTACGTGTTCTCTGAGTGGTCCGAGTGCTCAGTCACCTGCGGGGAGGGTGTGCAGACGCGCGAAGTCACCTGTGTCCGTGGCAACCAGAC
GGTGGATGACATTGAGTGTAGC
GGACTGGAGAGGCCCGCTTCCACCCAGCCCTGCGAGGAGGAGGAATGCGTGGAGCCCAGCGTGTGTAGCGGTGATCTGATTCGCACCGAAGACAACAGCTTCATTCTGTCACCGGACTTCCCCAGCTCCTACCCAAACAACGTGTCCTGCTCC
AATGTGGTAAGGGCTCCTGA

GGGCATGGTGGTGCAGCTCACGACCACCTTTTTCAACCTTCGACCCTCGGCAGACTGTGAGGACAGGGTTCTGATCAAAGATGTGAATTCAGACGGT GATCCTCTACAGCTGTGCGGTACCCAGGCTCCAGGCGTTATCTTCACCTCCATCACC
AACGAGATTGCCATCACCT
TCATATCGGCCGAGACTGGACCCATCAGTCCAAACGGTTTTGGCTTTACCCTGCAGGCCAACTTCATCAATGAGCAAGGAAGCCCCTGCGGTCAGGAGATCACCACCTCCGGCCAGGCTGTCTACTCGCCCAACTACCCTGACAATTATGACAG
CAACCAGAATTGCCTGACG
GTCATCCGCAATGACAACGGCTGCATCCAGCTGCGATTCTTGGACGTGGACCTCCCTCCATTCGACGGCCAGTGCTCGGACTTTGTGCAGTTGGTGGATCTGAACCTGGTGAACGTCAACACCGGTCCCATCTGCGGCCAGGAGATCCCCTCT
GTCTTCTACTCTGCCACCGG
CCTCCTGACGGTCCGCTTCTTCTCTGATGAGAATGGCCCGACCCGGCGCGGCTACAATGCCGTAGCCCGCTTTGTGGAGTGCACCGCTGGGCTGTGGTTTACCGGCCCTTATGGCGAGTGCTCGGCCACCTGTGGCGAGTCATACCGTACCC
GAACAGTGGTCTGCCAGGATC

CACGGACAATGGACGAGTTGGACCCATCCATGTGCCCGCTGGAAGTGCCCGAGTCGACCATAGATTGCGAGGTGGAGGAATGCCCAAGCTGTGACGTAGAAATCACCGCTCCAGGGGATGTAAGT GCTCCCATCTCGCCAGGAGATTTGAACT
GTGTGGCAAATATAGCCAAT

CCAGAGGGCTGCGTCACCATCAATTTCTTGGGCTTGGACCTCGTGCCCGACCTCCCTGGAACCTGTGAAACGGACTACCTAGAGATCATTGATGCTGCTAGGCAGGAACCAATCAAGATGTGCGG GTCGATGACCCTGGAGGTTTACCAGTCAC
TGAGCGGCAACGTACAGCT
CATTTTCCAGAGATCCTCATCGCTATCGATGATATCTTACTTTGCTTATGTCTCCTTCAACGCCTGCCCTGTCAATGCTTACATCACAGGCAACTGGAGTGAGTGCTCGGTGACTTGCGGATCTGGTGTAAGAACTAGAGACGTCCAGTGCATGGA
CCTGATCAACAATGTCC

CCGTGGAAGACGCTTTGTGTCAAGGCGAGCGCCCCCCGTCGGAGGAAACCTGCGACACTGGTGTAGAATGCCCATCGTGCGACATGGACATCGACATTAACGAGGGCATGTTTGTAACCAGTCCT GGCTTCCCCGAGGGCTACACGCCCAACC
TGAACTGCCTATACAACTTC
GATTCCCCACTCGTGACGGAGTGCATCCGCTTGACCATCCTGGAGGTGGAGCTTGGTGGATCGGGGGTGGATGATCTGTGCTCGGCAGACTATGTGGAGCTCAGTGGCCCGGCAGAACAGGCACCGATCCGTATCTGCCCCGAGTCTGGTCG
CTCTATCTCCTGGTACTCGCG
CAGCAACCAAGCCACCCTGAGGTTCGTCACAGACGAGGAGGGCTCCAACTCTGGCTTCAATGTGTACATTGTAAATGACAATTGCATTGAGTACGACTACGACGTGGGACCCTTCGGCCCGTGTAACGTCCGTTGCGGGGGCGGAGTCAGGAC
CCGGGATGTGACGTGTATCA
AACTGGATGACCAGTCGCCGGCGGCCGATGAGCTTTGCCGCAACCCAGCTCCCTTATCCAGCATGCCTTGCAACACGGAGCCATGCCCTGTGTGTGATGAGACTTTGCTCCCCGGCAACGAGCTGATCACGAGCCCTGGGTTTTCCAGCGCCC
CAGGCCGGGGTTACGAGAGC
CTACTGGACTGCACTTACAACGTCACCAACCCAGAAGGCTGCCTCTTCCTGACTTTCCTGAGCTTCGAGCTCCAAGACTGCAGCGATTGCACCTGCGACTCCCTCAGCATCTATGAGAACGGCGAGTTGGCACTTGAGCCCCTGTGCGGTGATC
AGACGGGCCTAACCTGGGG
ATCCTCGGACAGCAACGCGATCCTGGAGTTCCGCACAGACAACGCAGTCTCTGCTCCCGGATTCAACATTTACGTGGCTTATGTTGAGTGCCCCGACGTTTATTTCTACACCGGGGAGTACTCAGAGTGTGATGTCACCTGCGGGGGTGGTACA
CAGACACGTGAGGTCTCCT
GCCGAAGCCGCACTACGGGTCTGGAAGTGGAAGAGGCCATGTGCACGAGCACCCGACCCCCTTCCTCCAAGTCCTGCGCAGAGCAATCTTGTCCATTCTGTGACGAGGTCATCACCACGCCCTCTTTCGTCGCCAGTCCCGACTACCCAGCGA
GTTACCCCGTCAGCATCAAC

TGCAACTACGACATCCAGGCTCCCCCGGCCAGTTGCATCAGCATCACCTTCGTGGTGTTTGATTTGCAGGAAGCCGAGGGCGACCCCGCAGTGTGTAGTGATTTTGTCGAGATTTCAGATACAAG GACGCCCTTACTGGACAGGCAGTACTGCG
GAGCTGCCGGCCCCAATGA
AATCCAGTGGAACTCCTACTACGGCAACGCACAGATACGCTTCCACTCAGACGAGGAAGACACCTCCCAGGGCTTCCGCGCTTATGTTGGCTTCGTTAACTGCCCGGACTTTGGGTACATGGCCACCGAGTTCGGCGAGTGTTCGCGACCTTGT
GGTGGAGGAGTGCAGACAC
GTATTGTCACCTGTGTGAGGTTTGCCACTCTTCAAGAGGTGGATGATTCCAATTGTGCAGATGAGAGACCGATCGAATCGCGCCCCTGCAACTTAGAGGAATGTCCAGAGTGTGACCAGGCCGTCCTGCAGACCCGTCAGAGCGTGTCCAGCCT
CAACTTCCCCCAGCCCTAC
TTTGAGTATTCCTGCAACTACCTCTTCATCAACCCCGGGGGCTGCGTGGAGCTTCTCTTTGTCCAGTTGGAGATGCCGGAAGCAAATGCCGGTGGCGTTTGCGACACAGACTACCTCCTGGTGGAGGACTTGAGCAGCCGGCCGTTCTCCTACC
GCATCTGTGGCCGTGAGAT

TCCGGGCAGCATCACCTCGCGCGGTGAGACCTTGAACGTCACCCTCGTCACCGATGGCAACCCAGCCAC ‘GGCGAGGGTTACCAACTCTACAACCTGTTTACCAACGACTGTCCCCAGGTTGGCTTTGTGACCGGCGAGTTTGGAGAGTG
CGATCGCCAGTGTGGTTTTG
GCCAGCGGACGCGCGAGGTTACGTGCGTCGACCTGCAGTCCGGCATTGAGGTGGACGAGAACCTGTGCACGGACCGCAAGCCCGCCAGCACCGAGTTCTGCAACACCCAGCCCTGCCCATCCTGCGACAGGACCATCGACTCTTTCCCGCA
GGCTCTGGACAGCCCGATGGAT
CTGGACCTTCAACGTACATGCAGGTACACCTTGGATAGCGAGCGCTGCATCCGTGCCACCTTCCTGCAGTTTGACTTCCCCGGGGAGAACGGCATGTGCGGCGACACATTTGTCGAGCTGCGGGACGAAGGAGCCAGTTACTTGACGGAGAGG
TTCTGCGGGGACGGGCCTGG
GGCCACATCGGGCCAGACACTGTACGCCTGGGAGTCGCGAACAGAGGATGTGGTTTTGACACTGAATAGCGGAAGTAGCCTGACGACTGATAACAGTTTCAGGATATTCTTGTCACAGTTGGATTGCCCGGAGTTTGCCTTTGTCACTGGTGAA
TTTGGCGAGTGTAGCGTAA
CATGTGGGGATGGTGGCACTCGAACTCGTACCGTCCAGTGCAGGCGCCTAGTGGACGGTATAGCGGTCATCCCCACATTCTGCACAGATCCCGAACCTTCCACAACCGAGCCCTGCGGGCCCCAGCCACCCTGCCCCTCTTGCGATATGACC
GTCACTGACGGGGAAGCCTTG
ATCCAAGGGCCGCCACGGGATGGTAACTGGACCACTGACGTCAACTGCCGCATCACGGTGGAATTTGAGAGCTCCTGCGTTGTCATTTCGGCCCTGGAGCTGTCGCTTTCGGAGCCGGATGTGAACGGCAACTGCGTTGACAGCTCACTGACT
TTCAGCGATGGCACATTCCC
CAACTACACCCAGACCGTCTGTGGCTCGCCGGGCGGCATCTACCGGGCCCTGACCAATCGCTTTGTGGTGGATTTCTTTTCGGCCGATTACGAGAACTCTGGCGACAGGTACAGCCTGTTTGTCCAGGAGGCGACCTGCCCCAACATCATTTGG
GACATCCGACCAGGTGGCC
AGTGTTCCGTGAGCTGTGGTGGAGGCATCCAGACCAGGGAGGTGGTCTGCTTACGGACAGACACCCTTGAGCTGTTACCTCCTGAGGCTTGCCCAGCGCCCAGACCCCCGACTGAAGTACCCTGCAATGTAGAGGAGTGCCCCAAAGAATGTG
ACAACGTGATCACCGCCAAC

ACCCCGGTCACTGTGCTGTCGTCACCCGGCCGCCCCACCTATGTGACGGACGCGGACTGCTTGAACAATATCGTGAACCTGAGCGGTTGCATCACCCTGTCGTTCCTTTCCATGGACATCGAGGG CGGAACCACGGACGATGTCTGCGACAAG
GATTACCTGGAGATCATAGA
TTCTTCTTTCCCGGAGCTGAACGTTAGACTGTGCGGCAGCACACTTCCTACAACCAGCTGGCGTTCCAAGTCTGGTCTGGTGAGGACCCGGTTTGTGTCGGACAGCGTGGACACCTTGCAAAGTGGTTACTCCCTCACCTACATTCTTGAAACAG
AGTGCCCCACTGGAATGT
ACGTGTTGTCCAATTTCAGCGAGTGTTCGGCGACCTGTGGCACAGGTATTAGGACAGCTGAGGCTCTCCAGTGCTTGCTTCCCAACATGACCGAGGGGACGTTCAACGACTGCCCGGGACTGCCGCCATCTGGTATCGAGGAATGCAACACGG
ACCCCTGCCCGGAATTCTAT
TTCTTTACCGGGAACTTTGACAGTTGTCCGGTCACCTGTGGCATAGGTGTCATGACTCGTGTTGTGGAGTGCCGGCGTGTGGACAACGATACTGTCGTGGATGATTCCATGTGCACCGAGCCCAAGCCAGATGTCACCAGGAATTGCGCATTGG
GCTCTTGCCCCACAAACAG
TCTAGATGTTTCTGAGCCCGCCCAGTCGTACAGTCTGAATTTGGATGACAGCGGCACCATTCGCAGCCCTAATTACCCCAGCCAGTACCCCAACAGCTTCAACGGGCAGCTGCTTCTCAGCATTCCTGCAGGCTCCACCCTCGAGATCGTCGTC
AACACTCTGGACATAGTGT
TTGAGACCCCCTGCTCTGATGGAGACAGCCTGATGTTCCAATCCGGGACAGCGAATGTTCTCCAGATCTGCTCCAACTCCCTTGGAATACCTTTCTCCTGGTACAGCCAGACTGGTGATACTTCCATCGTCGTCACCTTCACGACGAGTGCGACC
AATGCCGGCACTGGCTTT TCTGCTGACTACCGAGTCTTCCAACAG

se| f-solaris| TRINITY_GG_5645_c11_g1_i2
TTAGTCC'I'I‘CCATAC'I'I‘GATAATGAGGCGTTTGCTTCTGGCTATCATTCTGGTAGCCAGTGCATGGGTATCACACGGAACAGACTTCAAGATCGCCCTTCTTGTACCTTTCACGGACCCACAGAATGGTAATATCCAGGCCATTGGAGATCCCATC
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%E(TSSTCTGGCACGE?SE?TCATACAACAGTCCAAGCATCTTACcTGGGCACACACTGACTTGGGAATGGGTGGATTCGCAGTGcGACATCAACGTGGGTATGGAGGcCATCGCGGATTTCTGGAAGCGTG GATTCGTAGGCGTCATAGGGCCCGGCTG
g;€$¥gzigg$&%%%%TTTCCACTGTI'CGACTACGGATGCGACGAAGCAGCTGT'I_I'CCGACAAGCTACTCTATCCAACCTACGTGCGGACCCTTCCACCGAGCACGCGTGTI'GCCGATGCG TTGGTCATTACCATGCAGATGTTCAACTGG
?:;géﬁgséﬂi%Li?g?GGCATCAGGTCTACAGTGTAGTTTCAGCTCAGTTCAAGGAAAACAACATAACTGTTCAGCATGAGGAGATTTTCGAGTCTG GTTTCATTCCTTACAATGACTCCACACCTGATCCTTTCCCAGACATCATTCGCCGCA
iﬁ?és/f%?r{\rgé%GGGAAGTGTATGAGTTGCGTAGTTTcGCCATAGACGCTTATGACCAGGGATTAACCAACGGAGAATACGTCATTGTGGGAACGTCTGTTGACCACAAGATGCGAACCA CTCAGAATTGGCACAGTATGAGCTATATTGG
ig(égg/(-\;;égg;";l'((;lﬁﬁgGCATTCGAGGCGGTACTGATCGTAACTCCCAAGGGACCTAAGAAGACCTGGGTGTACCGAGAATGGATGTGGAATGTCAAGGCAACTGTCAGGCTCAGTCCGWCTW GGGACCGGTCGTTATTTCCACACATTTGC
;(CESELETCGTTTQCGGC?C%TGCCCTG CAGGCAACACTGGACGCAGGGGAGGATCCTTATGACGGCCAACAAATTGTCAGTCACATCTTCAACACACCCTATCAGAGCATTTCCATGCTAAACAACCAGATAGATCATACGGGTGATGGCGTGTCGAG
gxﬁi;}ﬁ%ﬁmﬁcTGACGACTACCTGATTGCTGGCTTCCCAGGCATGGTTGGAGTGGGGGAATATATCCGGACCATTGACGGCAAATGGACTTTCAATAGAACTGATGACTACGATCTGG ACATCCACTGGCCCAACGACATGGGCCCT
g?éé‘éﬁiﬁ;ﬁrggggﬁlgxCTGTCCAAGATACGGGCTGTACTTCGGTGTCGGGATACCAGTGGTCTTACTAATATI'CGGTCTTACCGCCGCATACTACATTTACAGGAAACG CAAATACGAGAGC GAGCTGGACAGCTTAGTGTGGAAGATTGAC
Eggiggésczgc:éf&/;MGTcsssAsTCTccATGAAGAGCATGGTCATGAGTACAATATcceTTATGACGAACCAAGAAACTCAGCAGATCTTCGCCAGGATTGGAACCTATCGCGGTAACGTTTGTGCCATTAAAGCCGTCCACAAGAATCA
gg?rgégmg::&%iﬁ;\eccmscs CGACGTTCGTCACGACAACGTGTGCCAGTTCGTAGGAGCCTGCATTGATCGACCACACATCTGTATCTTGATGACATATTGCGCTAAG GGTAGCTTGCAGGACATTCTGGAAAACGACGACATCAAG
gz??é%%iﬁz%‘é‘;%i‘;??/\(}TGAAAGGTATGATCTACCTACATACCTCCCTGATCGAGTCACACGGTAACCTGAAGTCATCTAACTGCGTAGTAGACAACCGATGG GTGTTGCAAATAACTGAT TATGGATTAGAACAATTCAAGAAAGCACAAG
ié$é§$£;§§¢gég:¥gcAGAAATATGCTTTGGAAGGCCCCTGAACTTCTGCGGATGGGTGCAAAAATGCCAGCACGCGGTACCCGAAAGGGTGATGTGTACTCCTTCGCTATCATCCTAACTGAGATGTATTCCCGTGCCCAGCCCT ACCATCT
ﬁéAAL%gi'/r\TGAGAAGGACGCATC%AAGGCAGGGTCTATTCCACcGTATCGCCCGCTACTAAATGATGTGAACGAGAGcGcAccTGAGTGcGTACTGAAAGCCATCCGCCAATGCTGGGAGGAGGAGCCAGAGGA'rcGACCGGATTTCTTCGGAGCTCGT
ﬁgmggfci%m-é?:AiCATCATGGATAACATGATTACTATI'ATGGAGCGGTACACCAACAATCTAGAGGAGCTAGTGGATGAACGTACAGAG GAGTTACAGCGGGAGAAGGCAAAGACAGAACAACTATTACATCGCATGTTACCACCTTCC
x;%%g/gec?rﬁgﬁégcc‘rGAAGCCTTCGACATG GTTTCCATCTTCTTTTCCGATATCGTTGGCTTCACTGCTCTCTCCGCCGCCAGTACACCCATTCAGGTCGTCAATTTGTTGAATGCTCTGTACACGCTCTTC GACGCCATTATTTCCAACT
égiﬁigzgécelgr%i;eCCTACATGTTGGTGTCAGGCCTTCCAATCCGCAACGGTAACCGTCACG CTGGTATGATCGCCTCAGCTGCTTGGCATC TCTTGGAGGATGTTTCAACATTCGTCGTACCACACAAACCGGAAGAAAAGCTCAAACTCA
gx‘(l;:'?gzlg;g:sgggggGTAGTTGGCCTGACAATGCCTCG'I_I'ATTGTCTC'I_I'CGGTGACACAGTGAATACAGCGTCTCGTATGGAATCTAATGGGCTCGCGCTCAAGATTCATGTCAGCCCCGAATGCCGACAGGTACTAGAAGAAATCGGTGG
ATATGAGCTAGTAGAAAGG GGTCTCGTTGCCATGAAGGGAAAAGGTGAAATTCTGACGTACTGGCTTGTGGGACAAGATCCAAGTTACAAGATCGAAAGAGTCAAACCGCCCAAACAAAATCTG
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CGTGTTTTTTCAACAAGACAGGATGAGATCATGATGTTCAGGACTCATCTCAGTACATTTCTCATCTTACACATTCTCTCCACCCTTAAACAAGGACTAGCTCTTGACCTACGGGGCGCCAGAGTTATAACAAGTCAGAGCTCTGACGCAGGGCGA
XAG%GGCG?fggiffGGS:-\::g(C:'I_I'AAAACCATATCACATACAGGATGGAAAGATCCATCTGACCGTGTCAACCCGTGGTGGAAGGTGGATCTAGGCGCTGTCTACTGCTTAAGGAAAATCACACTAGTCAATAGAATAAGGGACGTGCGCGTAATTGCAA
'?:ETGCCJCZ!I:\Qé?gSg:?giGTGCCAACCATCTGCTAAACCGAGAAATAGGACGCGTTAGAGAAGAGCAGGCTATAAGCGGAGCAG'I_I"I_I'GGA'I_I'TCACACCTGATCCGTACGTTAATGCACGATACGTCAG CGTGGACATCCCTGCCAGTGGTTCA
%Eﬁw%szcé%ggAGAGGTCTCGACGGATACGGTTGATACTCCATCAACAGCTCTAAGTTTGACTGGTAGCCAAAGCGACCAG AGTTCTACCCATGAAGAAAACGGTGATAGGTGGGACTCCGCAAGAGCCGTAGATGGATTGTCGCTGT
?Zgﬁigf(;:::ﬁlﬁ%ig%mcCCGTGGTGGAGGATGGATCTTACCTCTGCACAGTGTATTAGGAAAATTGCTGTTCGGAACATGGACGATATTTI'CGTCTACACTAGGCTTAACTI'ATACGGAG CAGTAGTCCGTGCCGGCCTGAGTGCCACGC
g‘{é%ﬁ?é?éégg'?g:gngcTACCAATCCTTGATCAATGATTGGATTGAATTCACCTGTGAGCCATCCAGG CTCGCACGTTATGTCAGCGTCGATGCACCGGGCAATCTGACTCTTATCCTTTGT GAGGTGATGATTTGGCCGTGTGATCTCCCAC
/(ié/;gé(éﬁ#éﬁgwrCAGAGCTCTACGATGAGTGGACAGGATGcrceAAGGGCAT'rcGATGGGCTccCAGAAGAACcGTTCTGCAGCATCACGAATTACGAAGAGAACc::ATGGTGGAAAGTTGACCTGGAGTCAAATAATTGCCTTGGAA
égg?:gTiﬁ:%g/SSAﬁsgAAAcTTGCAG GATGCTATGGTACAGGCGGGCCTGAGCGAAGTTCACACCGACAACATCATGTGTGGCACACCGGTGACCAGAAGTCAGGCCATCATCAATGACTGGT TAGAGTTTACCTGCGATCCGCCTGTGCTT
SEEE/&Z%ESSX&@?L?‘;L%CCTTAAACTGTGTGAGGTGACAGTATCGACGTGTGACTTCCAACAAGCTGTAAATGCTGTGGATATTACTCTGGTTGCGAATCCCGCTCTCCTCGGTGAAACTGGA GACAACAGTTCGTCCATCACAGCCTACAGA
ifgggﬁgfiﬁ:éﬁf\r;%?s%:sccmmGGCAACAGGAGAAACTAGTCAAGAACTTCCGTCGGGGTCCT TGGTTGTGGCTGATCCGTCGACGGGATGTGCAGCCAGATTGGCCCTGAGATTACCAGAGGAGGGTGGATTGAATCGCACCGGTGTC
¥;22222?3$$:$€\%?;-§3A£fACAGATCGTCATCTTATCAAAAGGAAACAACATTCACCTCCGCCCTGTTCAGCGAACGCAGACGGCAAGTACCGGAGACTCTGTTATGTTGCAAATGCGTAATG TTAACTCACCGAACACCAACTACAGATGGCG
?gﬁlﬁégﬁsgﬁﬁggﬁggAAccchm GATGTGTCGGTTCCAAACGTAACCATGGCAAATGAAGGATTATACAGCTGTTTTGCTTCAGACCATGAAGATGAACAACGGGACGGTATCATGAGACTTATTGTAAGAGGTTGCCCCTCTGGGTTGTGGG
mégggggéggli;gcTACAATGGGGGTGTATGCCATGACAAGTCTGGTACCTGTGTTTGTGCTCCAGGATTCAGCGGAGACAGTTGTGAGCAAGTACACGGTCGTCATGTTTTTGGCAAGAATGGTGATCAGAGGTGTTCGGATAGTGGAG
ég(é%écéggﬁggﬁg?fg?cCTTCCAGACCCTTATGGCTGCTCATGTGCTGCAGGTTACACGGGCCTGGACTGCATGCAAGAATGTGACGATGGGACCTTTG GTGCCGATTGCAAGCAGACATGTCACTGTGCATCTGGAGGAACGTGTTTAAAA
S:gAG?fﬁ(é(Tség'?:g?Ea\gfiETTTGGGAGTAACTGTCAGTGCTCAACACAGAATAGCGTGCTTGGGCTCCAAGTGACGTCAGGCGATCCCCATCAGCTGTTCGTI'AGTTGGCAACCGGATCCCTGT GCTTCTGGCTATGAACTGGTAACCAGGGAC
?:;Eizi%%i%?géﬁﬁ\lCAGAGACGACTTACCATTTCATAACTGGGTTGGAGTCCCCATTCAACTGCCGACTTTTCATTCGGCCAGTGTATCCGGGTGGCATGCTTGGGCCGTTGCGGGTATTGCTCCAAGAATCCAACACGAAGCAGGAGTC
;g?\iélﬁzccgl’.rgg.(r:?ﬁr\ELAATGGATGTGGCTGTGGAAGGCAGCGAAGACGCTGGTGTGTTTTCGGCTCCAGGCGACCTGATTTTCTTTACTGGCCAGCTAATTGTGTTGAACACATCTCTATCTG GAAGCACTGTTTCCGTAGACTATCGGTGGT
?é%ﬁéi%ﬁéigﬁéggééiGCATAACATGGTCTTI'CAGTGAAGCCGGGAAATTTACAGTCAGTGTCATCGCATCTGATGGAATATCGAGCAGTGATGCAGTGTCAAGAGTTTI'AAATATACTCGAT CTGGAGAACCTTCCGTGTCATCCGTCCTACG
Egiﬁééx%%%%?rggﬁ'ﬁmCACTGACCTATCCCCGTCACGTGCCCCTGTCTTTCCAAGGGCGCACGGACGTATGGTGTAACCTGACCACCTTTCGCGTCGGCCTCCAATGGACCGCCTTCCGAGTGGAGTCCAGGAATGAGACCGAAATGGCG
gg::%ﬁ%%ié%ix[r%%%?rm::::CAAGGGTC'rccTGAGGTACGGACTGCAcGTGCTGCAGTTCAACGcceTGGTGACAGccceceGTGGGTATGs::TAcsTGATTGGCCAGGGCAGTG ACCGTGTGTGGGTCAGGATTGAGCCCAGTCCAC
CCAAGGCGATCATCCTGGGTG
GGTCAGCTCGGTCCGTCGGTTACAGTTCCTCGCTGGTTCTGGATGGCTCAGGGTCATTTGATCCTGATAATTTCCAAGACCCCATCAGAGGTCTGGAGTATGCTTGGTACTGCTCAAAAGGAAGCAGACAGGATCTTGAATCACAGGTGGTGGCT
igtrﬁg;gg'lc'l-l:l'rg(caggﬁ':'l'TAGcGAcchTCTA'I'I'CGGATGCCAGCAAACACTCTTGCACCAGATGAGGTTTACACGT'I'I‘GCACTGACCGTGAG'I'I‘TGACCGGACGAGGGAACTCTTCAACATCTCAGAGTATCACTG'I'I‘GTGGCACAAGATCC Gce
gg;g(é‘;(éﬁﬁg&ecm TGAGTGTT TTGTACTCCAGGTGACATCGCCAACCTCCACGGTCAGTTATGTCTGGGATGTGCTCACGCGAGATCAT GTCCCGGACGAAACCTTTGATTGGGATAGGTTGACCACCACTGGT
AGAAACTCGGCATACCTTG
TCATTGTGGGCGGAGCTTTTGATGACGGAGACTATAGAGAGCGGGCAGTAAGGGCAACAGGTTACCACCCTGACAGCCCATCACCAGGATTTGCCGACTACACGTTTGAACTGAACGCCCCGCCTAGGATGGGCACGTGCAGCCTGGACCCAC
igéngﬁr%;erliigcsl(é?rg?GTTGACT'I'I'I‘GGGACGAGGAAGGCCATTTGATGTACACGGTCCGTGTGCCGCCTGCACTGGAG CGGAAGGATGAGGCTGCCTTGCAGTTTCTAGATCCCGTTCTGTACAGTGGTGCTTCCT CCACCACTCCCTC
ﬁgl$gé$$mggg?ggccTGGTGACTATCGCTGTGGAGGTTGCCGACATACACGGTGCATCCGTGATGTTCACGATGACTGCAGAGGTACGATCTCCTGAGACAGTCAACCTGGGGGATGATGAGAACACCGGCGAGATCCTACTGAACCT
Eég$égggggég$gﬁg§:gcAGGGCGACWCCAGACGGCCGTGCAGATCATCGGGGCTGTGGGCTCCATACTGGACAGCCATGATGGGTCGGCTGGCGAGGGGAAGG GACCGGACCACATTGAG TCCCAGAAGAGCAAAGAGTTAAGGGA
AGAGATTCGAACATCAACTGTG
AATACCATAGCCACCATGCCGGTCGAATCAGTAGTCGCCCTGCAGCAGTCTTCCTACGCGCTGGTAGCTATCACCCAGGACAAAATGGAAGTCACTCAAGAGACGCAGTTGACTGCGGCTACAACCTTGGTAAAGATGGGAGCGTTCCTGAAAG
égié%?rgmgé?ggg:&ccrcCATcGATGATGCAGccc‘rsAA'rCTTGTTTCGGGCCTGTCCAACATCCTGGATGcrecceTeeceAGcGTGGATGAAcTGAcchceTAACAACTACACCAATAGATAcssTTTCCAGAAATGATAceATTT
gg:‘??g:géiggi%m%ATGACGTCAGGGCGATTC TC TAACCAAGGCAACCCTGGCCACCATCAGTGATGTGCAGGATGCCCTCATCGTGGACAAG GTGCCAGGCGAGGAGCCCACGGTCATC
CACTCACCGGCGCTGACTCTG

ACCTCCCAGAGGCAGGAGCAGGGCACCCTGGGAAGGAAGTCTATCGGAGTAACGGAGGCCCAGCCCAGCGGGTTCATTCTGCCAGATGCAGCAGTCATCGGGAGCTTCATGCCAGCCAATTACAC GGATGCCATCGATACCCAGATGGTGCA
ggGGACGQrAGiTAFG‘gffggxggAcsTcAceTceGAAGTTGTTGGCCTTCAGTTGAAGACGGTcsACAGACAG GAGATCAAAGTTACCGACCTACCTGTGGACATCCAGATCTTTGTGCCCAAGCGTACAGTCACCTTGGCCAACAATACAGAAGTG
Q%%E%i?g%gc%cc%xsﬁwCAAcccCAATGCCACAGTCAGTGTGcrAGccrrGCCGTCAGACACCAGTGCTGAGCTGTCAYGCTGTCTGCACTACCAGG GGAACGAGTCGTTGGTGAACCTGACCGAGGCGGACTGTTACATCAACAC
'?CAg:gé(?Eg;ggé?:;%i%CATGACGCAGATAGGGTGTTGAAGCAAAGATACACATGGATGGTTGACCCAGAACAACTGCGCGGTGCAGGGAAGTACCAGGCATTATGCTCTGTGCAAGACTC TGCAGGGACCAGCCAATCCAGGGCACCAG
g;?éﬁéggg.é?gﬁégg?sTCTACAGCTCCCAATGTCTT'I'I‘CTGGAATGAGGAGGGGGAGGAGTGGGATGGCACAGGCTGCAGGGCTGGGCCGTTGTCCTCTCCCGAGGTCACCCAGTGTCTCTGCAACCACCTGACCTTCTTTGGCTCCAG
/E&TT%I;%TT?E?gggﬁéﬁ\éAcrAAGCTCTTCCTAAcGWCCTGGACAACccCGTCGTGGTGACcACAGTTGTCGTAATCTTGGcGCTGTACGTGGTTGTGGCGGTGTGGGCTCGCAGGCAGGAT AAGGCAGATGCATTGAAGGCCTGCGTAAT
gégﬁégéﬁéﬁégg??ATGATGTAACCATcGTCACAGGCATGCGTAGGGGAGCTGGCACGACAG CCATTGTCACGCTCACCCTCATCGGCACAAGGGGCAAGAGCAGGCCGCACGTCCTGAG GGACAGACAGCGGCAGGTGCTGCAGAG
GAGTGGAGTCGACTCCTTCCT

GTTGACAACAAAGCAGAGCCTGGGGGAAGTGAAAGCGGTGAGAATTTGGCATGACAACG GAGGCGAGAACCCAGAATGGTACGTCAGCCGCATCACGGTACATGATCTGGAGACAGACGATTGGTGGTTCTTCCTGTGCAATTCCTGGCTGGC
2?I¢gé§¢gﬁgEgE$SC%%%iCAGCCACCGAGAAGGAGCTGAGTGACTTCCGCCATCTCTTCTCCACGCGGACCGTCCGGGACCTCCGGGACGGCCACCTGTGG‘I‘FCTCCATCTTCAGCCGGCCA GCCCGGAGCACTTTCACCCGTCTCCAGC
g;'(rsg'?'l'TACTCGTTGGCCTGG;g:'S{;g‘?GACCAGCATCATGTTCTACGGCGTGCCCACGGATCCCGCCGAGCAGGTCATGGAC'I'I'CGGAGCTTTCCGGATCACCTTCACAGAGATCATCATCGGCATAGAGAG CTCTGTCCTTGCATTTCCCATTAACCTGAT
g?lég-é%é%%gggggAGATGAGGTCTAAACCCTACGAGATAAAGAATAGTCACAGGCCTTGTTCAAGTGAAACCACCTCATCTCTGTCTCCCAGAACGAAAGAAGAAACGTCCCTGCCGGTGACTTTGACTGAGAAAGTTGTGTTAAACACAG
:‘?ég??gé::g:ggﬁgé\EGCAAGGACACATCATCTGATCAGGTI'ATCTTTI'CAACTGACCGGAC'I_I'CCAGAGAACCACCAACAGACACAAATGGAATCACAGGAAGCCAGAAATGGGAAACGTCT AGTGGGGAAATGAAATTTTCACAGCTAACTG
?gggéggéw:gfngGAAAGCTACAGCCACAATGAATATCTGCATTCTTGCCTGGACCGCCTGGTAGACGACCTGGATCTTCTGCCCCATGAGCGT‘ITCTTGTCAGCGGAG CAGTACTTGAT GGCTAGGCAAGAGGCTCGGGATCTCGTACT
gﬁ%?séi:é%ﬁgéﬁzgcccGACTGACCGCAGTGAAACGGACAGCCAATCCAAGACGGCCTTCTGTAAGTGCTCA‘I‘FCAAGTTCCTCCCTAATGGGCTCCCTCACTGG‘ITCGTCTACATTGGCTGG‘ITTTTGGTG‘ITCTCCACCACTCTGGTGTCGT
%:ﬁgg%ifgfccgg&mwcGCTccATTGAWGGCTGGTGTcGCTGGTGGTGTCccTGTrrcAGAGTGTATTCWCATACAACCCCTGAAGGTTTTAﬁGTTTsCTGCCTTTGTGeCTcTTGTTATGAAGCAATGGGATGCTGATGATGACG
g:éi‘éiéii:‘;??ﬁ:ﬁTGCCCCGGAAGTTTACAGGAAGCTCCTGCGCAAATGGAAGGCCACCCACTACCGGCCCCCGACCAACGCAGAGGTCAACACTGGCCGACGGCGTAAGGAGATGGAGCG TAAGATGTTCGCCCTCCTGCGGGAGAT
TGTGGGTTATTTCTTCTTCAT
CTGGCTGGTTCTGATTGTGGCGTACAGCCAGCGAGACCGCTCCTCCTACTACCTCACTAAGCATGTCAGGGACGTTTTCTTCAGCAGTGACGAGTACCATTCGATAAGTGATTTTGACGGGTTCTTTGAGTGGGCAGACCTTACTCTTCTCCGGG
%g;g;é/fg?é?g%?gﬁcAGCGGGGTTCGTCTTcGGCAGCTCAGGGTCCGTCCAGAGCTCTGCAACATAAACAGGTccGTCAGAGGCATAATTGACAGATGCACGCTGT CGTACTCCAAAGACACTGAAGATACCGGCCTTTACAACAACTCA
E(/igé‘?g?g;gggglgégg/kcCAGCCTTCGACGACAGGATATCTGGACGCACCAGCAAAATGTGGCAGTTG GCCTTTGGGGACGGGTGGCATCTTACCCCGGTGGCGGCTACGTGGCCAACCTGGG TGTGAACCAGACGGAAGCCCGTCGATC
ACTGAAGGATTTGATGGCCAA
GCGCTGGCTGGATGAACACTCCAAAGTTCTGGTGGTGGAGTGGACGGTCTACAGTGCCAACACCAACCTGTTCGTGGTGGTGACGTTTCTCAACGAAATCACAGCTAGCGGCGGCTTTGTCAAGACATCTCACATCCAGGCCGT TCGGTTGTAC
:g€%$¢55$g;$£$ggE$TeAGATATTGTrCTceCTGTATGCAecchCTATsc;m-rATTsAsGTAcGGAAGATACATCAGCAACGCGGAAGcrATTGG CATGATGGCTGGAACTGGTTGGAGGTTGCCATCGTTCTCACCTGCATGGCCGTCA
Egiggé%%%%}ggéé%éiemTTTGGAGGTc‘rcheeececeAcCTGGGGAe'r'rce'rceAc‘rcheAGCTGCTsccsccs‘rcrcceAAecc‘rTTCAGTACCTCTTGGGTCTGCTGCTGATCCT GTGCCCCGTCAAATTCCTCCACCTGCTC
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CCTGCTGACGTCTGTGCTGAGCGCCTCGGCCATCGACGTCGGGGCCTTTGCCGGCTACATCGTCCTGTTCATGTGCGCCTTTGCTTTGCTCTTCCAGCTCATCTTCGGCAGGCACCTGTTCACCTACAGCAGCATCGTCTTGGCCCTGGAGTCG
CTTTTTGTGCTTTTCCTCG

GGGAATATAGATACGAGGAGCTGTTTGCAGTCAACGGAGTCACGGCTTCGATCTTGATCATCGTCTTCCAGGCCGTGGCCACCTACCTCCT GCTCAATGTACTGATCGCTGTGTTGAACCAGAACATAAGCTACGTTAGGAGACACCACGAACCA
AGTGAGGACGGTAAAATC GGCCTTCTGTTGATTTACAAAATACTCTCTTGGTTCGGCATTAAACACAGACACAAGTTT

>REJ3|Acanthaster-cf-solaris|TRINITY_GG_11119_c8_gl_il

TTTATTCCTGATCCTGTTGACTTACCGCAATATTTAAGAAACAAGT CAACAGGCATCGAGAATGAAATGAAAGGGTTCTTCACGCCAAAGTTGATGGATTCGTTGTTGAATGGGCTAAGACCAATGGAGACAAAGTGCACGACCAGCTTCCGTTTGT
GGGTCAGCCTTCTCAT
TCTGGTGATAATCGTAACAACAAAGCACCTGAAAATGACAAATGCAACCATGCAAGCTCCTTTTCAGGTGTCTGCCCCATCTGAAGTCAGCTACGAGGATCCTGTGATATTTACCTTTCAAACGGATTACACCAGGGAACCCTACATCATGTGCTCT
TGGGATTTTGGTGACG
AGAATCAACTGTTCACTACTGCTACAGAATTACAGCTGGGGATATCACATCAGTACTCTCATCCTGGATATTATACTGTGTTGACATCATGTCAAACCTCATTTGGCCGAATTTACCACCACACACAAGTTGCTGTTTTCCGTGATATTGACTGGCTT
CAGTGTGTTATCACA

GACACCAATGCAGTGGTGCAAGAAATCTTCCGGTATGGTAGCAACAT CGTTGTCCACTACAGACATGAGTACACAATAGGGTTACACTACAGCCTTCTCATAGACAACGTGGAGGTGTATGAAGCAATTGCATCAACAATGAAAATCCAAACAACG
GTGGTTGAAGACAGCCT

GATCATCACAGAATATCTCCAGCATCTTATCTCACTGGGGAGCCATGACTTAACACTCCGCGTCAGGAACGGCCGCGTGGATCTACAATGCCTGAGTACCTTCACGCTGATGAACCCAGTCTTGG GGGTCACCCTTGCCTCCAGTCATTCCACTG
TGATTCCCAGAGATGATG

TCCTACTGGCAGTGACGGCCGAGTCAGGATTCCCTGCAATGATTGAATGGAGCATCACAAATGGTCCATCAGTTGTCTTGAGAGTGCTGAAAGAGAGGCAGGGAAGATTACCAGAGGATGTTGAT CAGATGACAATATCACTTTTAGAAATTGCA
GAGTACCAAATCTGTGCC
AAGGTCTACAATAACTTCACATCTGAAGAGGCCTGCATAAGCATAGTAACTCAATACCCTGTTACATCCGTAATATTGGAATCCAACACTCCTATTAACTTTGCAGTTGAGAATACTGTTCAATTTTCTGTGCAGTTTTTGGATCGTCCCATCCCCAC
TAGCATGAGGTATTC
AGTGGATTTTGGAGATGGTGCAAGTGGTAATTCCTCCATGGTTGGAATTACAGACTCAAGTTCTTTCCTTATCATACCACACACCTACACCACACCCGGAATCTACCATGCCACACTTCATGTCTACAATGACCTGAGCTCCACTGTGAATAGTACC
CGTGTGGCAGTACTGC

AGCCAATCACTCACATGACGATCCGTCTCTCCCACCACAGTGGAATCTACTTCCCAAGCAGTGAAAGAGATTGGTTTTGGCAGGAACCACCATTCCTCCATCCAATAGTGACGGAGAATGAATAT TCATTTGAGTTAAAAGGAACTGGCACTCCTG
AGCTTGTTACCTGGAGA
GTAGCTGGGCACACTCAGACATACCACATGGAAACTACTGGTAGAAATCTGTTTTACAGGTTTCCTTCCAATGGGACTTTCAATCTTCAAGCAACTGCCAGCAATTTCTACTCAAGTTATACTACAGTGGATGCATCAGTGCTGGTACTAGATGCCA
TTGTTAGTCTTTATCT
GGTCAGCAACAGCCCAGGGATTGTAGGTGAACCGATCACATTTGTTGTACTTGTGGAAAGTCTCGGCTCAAACTCATCCTTCAGCGTCAGCTACGGGGATGGGTTTTCAGAGCCATTACCCGAGCCTCAGCACAACATTGACATTATGCAATTTG
TACCACGGAATCTCGCTC

TGCCAACCGACCCAGCAAAGTCCTATGCCACAGTCATGAATCACACCTACCAAGAGGTTGATTTCTATGCACCACGGGTTACTGGCTCCAATCTGGCAATGGAATGGATCGCCATCACCTACGTT TATGTCCAAGATGTTGCACACCTTTGCAGG
ATACCGGTCATTCACATA
CGAGATGGTGGCAGTAGCTACTACCTGGCTAAGAAGTACAGCCGAAGTAAAGCATTCATCTTTGGTGCATCAGTTGAGATCAACTGCCAACAGGCCAAGCGAGCACACTACCAATGGAGGGTTTATACAGTTGACAGCTTATTCACAGTCCCAAG
CCCATCCAATGAGGTTGG

CCTGCCACCTAGCGTCAACGCACAGGCTGCAGATATGTACATTCCGGGGTTCACTCTGGGGTATGGCATGTACATCTTTCAACTTTCCGTCACTTTGGT GATGAAGGAAGAGAGTGAAGCCAGTATGGAGAATGTTGCCCATAGTTATATTGAAG
TTATTCCTGCTGGTCTTG

TAGCTAGAATCAGGGGAGGATCAGCACTGGCAACAGGCTGGTATTCCAACATCACTCTGGATGCCTCAGACTCCTTTGATCCAGATCAGACGCCAGACAGGGCATCGCTGGGACTCAGTTACACG TGGTATTGTCGCAAATCTAATGAGCCTTTC
CCTGAGAACATGACACTC
ACTCCTCATAACAGACTACCCTCCACAGGTGGCTGTTTGGGGAAAGGATTCCTCCTGTCTCAGACCAGTACCTCAGTGGTTATTCCAGCTCAAACCCTGACTGGAAACCAGAGTTATGTTATCCTCCTGAAACTGTCGAAAACTGGTCGTGAGAGT
GCATATGCTGAGCAGAC
AATTATTATTCTTCTTGGACATCCAAACAGCATTTACATTAGGTGTTTGATGAACTGTGGGTCCCAGCTTAATCCTTCTGCCCGACTGGTCTTGGCTGGACTGTGTCCTGACTGTACAGCTTCCACTCGGCCTTCTTTTGAATGGTCACTAAGATCAA
GTAACCACAGCACAG

CAGCACCTGCCCTGGACTGGGCGAGGAATACTACAACTGGGAAGCATCACCCTTACCTTGCCATCAACGCCGGGACATTCTCTGGATCCAGTCAGGAGACGTACACCATTCACCTACAAATGCAG AGCAGGAGTGGATCAATCAGCTTTGCAGA
GTACACATTCACAGTGAAC

TCCCCTCCAACCACTGGCAACTGCACCATCACACCAGCAGAAGGGGTTGTCCTGACAACACACTTCTCCATCATCTGTGAGCACTTTGAGGACATACACACCCCACTAACATACGAGGTGCACAC TCTAAAAGCAGCAGAGAGGTCTGTTGGGG
GCGGCGCTCATGCTGATGC
CTCAGTAGAAGACACTCTCCTCTTCTATGGATTGGACCCAAACATTCCAGCAACCCTCCTTCCCCTCGGCCAACCCAGCCAAGGCTACAGGGTGGACATTAAGATCAAAGTGACCGACTCTTTGGGTGCCAGTGTCTACACATTGCTATCTGCTG
TAGTACGGGAGTCGGAGA
GCGATGACCCAGAGGCACTGGCCCTGCAACTGACCTCTGACAAGTACTCCAAACTGAACCAGCTGATGGAAGAAGGAAATGTCCAGGCAGCCACGCAGGTCATCACCAGTGTCGGCTCCTTACTGAACCTGAAGTCAGAAAGGGACAACCAGC
ATCAGGATCATGGGGTCATT

GAACAGGCTGTTGAGAACAAACAC TGGAGGATC) GAGCGCAGGCTAGAGAGTCTCTTCTCGACATGCTGAGTAAAGTCAAAGTGAATAGCTTGGAATCCATACAGCTCACTTCATCAGCCATCTCCCAGGTCAC
CAGTGAAGTTGAGGAGAT
ATCTCCACAAGCACAGGTGTCTACTGCTTCTGCTTTCTTGAGTATGGGATCTTGGCTGAAGGAGCAAGCTGATATGGGTGTGGATGGAGACGTGGTCGAGGGGGCAGCCACGTCTATGGTATCAGGGTTGTCCAACATCATGAGTTCTGCCACC
ATTACACAAAGTGGAAATG

TTTCGGACTACGGGCCAATTTTTGAGAGTGAGAGAACCCAGCAGACTCGTAACGTCACTATGGCTTCCCTCCATGCCCTGGACGACATGCAGGCTGCCATCTTGCTCAACAAGGTGCCCGGAGAG CAACCCACCGTCCTGCAGACCAGCTCCCT
GTCAGTCATCCTACAGAGG

CAAGAGAAAAGAGGCCTGGATGGGCTGGTGTTGCAGACTGAGAACTCAGACGTGGTGTTCCGCTTACCAGCAGGGTTGAGCACAGTCATCGATCAGCACCAAGCATCCTCAAATAATGAAGTCAT CGATACACAGATTCATCACTTTCAACAGAA
TCCTTTCTCTTGGGCCAA
GAGTAGCAGCTTGGTGACAACTCATGTGACCAGCTTGAGACTAGGACACGGCGATGACCAATCAGAGATCGCAGTACAGACTCTGCCACAAAATGTGGAAATAATGGTAACCAATGGCGACAGTGTCATGCCAGTCCTCCAACCACTGGCTGGT
CAGCAAACCAATCACAGCT

ACTCCTTCAATGTGACCAATGCAGATGCAGCTGTCATCATCAGGATCCAGTTGAACCAATCATCTGGGCTGACAGAAGTCCTTCCACTGCATTTGTGCCTCCGATTCGAGTTGGCAACAAGCGAT ACTGAACCACTATGCAACGCCTCTGTTACCA
TGCCACGGGCTGCAACA
GACCCCCACGTGTTCCTGAACAGCACAAACATGACCTTTGACCCTTACCTCTGGGTCATCCCGAGCGAGAACTTACCTGAAATTGGCAGGTATTACCTGACACTGGACGGAGGGGATGGCACTGATGTGACTAATAAGCAGTATCATGTGTATGC
TTTCAGTACACAGTGTTT
GTTCTGGGACAAGACAAGAGAAGAATGGCTAGGTGACGGCTGTAAGGTTGGTCCTTTCACCACTGCAGCCCAGACCCACTGCCTCTGCAACCACCTCACATCCTTTGCAGCCAGCTTCCTGGTTCTCCCAAATCCAGTTGACCTGACGGACTTTT
CCCTGTTTGCCACCATTC

CAGATAATCCCATCACCGTGGTAACGGTTGCCGTGGTGTTTGTCCTCTTTGGGCTGTGCGCAGTGTGGGCACAC! TCGTAT, TCGACTCATAATCCTGGCAGAT AATGATCAAGAGGACACCTACCGTTATCA
CGTCACTGTCTTCACTGGG

GTGCGTCGAGGGGCCGGCACGACAGCCGTCGTCACCCTGACTCTTCAAGGCATCGTGGGAAACAGTGAGCCACATGTGCTGTCCAGTGACAGAGAACATCACAAAGTGTTACAGAGGAGCAGCGT TGATTCTTTCCTGCTGACAACAAGGGAA
TCGTTGGGAATACTACGATC
GGTACGGTTGTGGCATGACAATGGAGGCAGCAGCCCTGCATGGTACCTTAGCCGCATCCTGGTCCATGATCTAGAGACAGACCGCTGGTGGTATTTCCTGTGCCACACCTGGATTGCAGTCGATCTCAGTGATGGCAAAATTGACAAGACATTT
CCCGTGGCTAACACAGAGG

ACCTGAAGGACTTCCACCACTTGTTCTTCACCAGGAGCGTCCGGGACATGAAGGACAACCACCTATGGTTGTCCGTGCTGTCCCGGCCTCCCCGTAGCAGCTTCACCCGGCTCCAGCGTGT GGCCTGCTGCTTTTCTCTCCTCCTGTCCTCCAT
GCTGATGAACATAATGTTC

TACAAGGTCGGCGAGGGGGAGCCTGATAAGACCTACAACTTTGGGGTGATGAGCCTCTCCGTTAAGACCATCGTAATAGCAACCGAGGCGAGCCTGCTGGCATTACCTATCAACCTGGCTATTGT GCAGATTTTCAGGGAGGCCAGACCAAGG
GAGAAAGAGGAAGTAGAGAT
TGTACCTGCGAGCGAGTCGGGAGATTCACAAGATCAAACTTATCAAGAGCAGGAGGACAAAGGTAGCTTGGACCCGCAAGGTGTAAATCTCTCAAAAGCAGGATGTGCTGACACTGATGCCTCCTTTAGGTCTTCAAGCATCCAGTCTCAAACCT
CAAGCATGCCAAAGTCAG
CATCAAGAGGCTCTACACAACACAAAGTAAGTCAACCACAAAACCCCAGGAGGGAGGACACCAAACCACTTGCCAGCCGTGAGTCTTTGCCAGAGAGAGACATTTTCAGCAGTGACAAAGCATATGAGGAGTACACTGATAAGTATGCAGAGTTT
GTATATCTGAGAAGTACT
TGTACAAGTGCCAATGCAAGTAGCCACAGGTCACTGGAAACTGGCAGCTGGCACAGTATGATACCGTTAGAAAGGAATCCTTCAAGCATACATGCTCAACAAGCTTTCCGGCTAGACCTGTTGCCAGAGTGTGATCAAGCCTTAATGTCGACCAA
CATGACAGAACTGACCAA
AACAGCCAGAAACTCCAATGCAAACCACAACTCATCCAGTAGTGAATCGAGCATACAGCCGCGCTCTTCACAGTCCAACACAACTTCCTGCAGTGCCAGCAGCATCAAGATTCTCATTTCACCATCCGAGGAGTCATCCATTGATCCAGGCTCGT
CTGACTCAGTCATTTATA

CGTCTTATCAGGACTTCCTGAGCTCCCGTCTCAATCGGCTGTACGAACAGCTTCACAATCCTTCGCCAGGCCTCTTCAGGAGTGACCAGGACCGGCAGAAG GCCCTGCGCAAGTTCAAACTGGCACTGGCCCTGCATGGCTGGAGAGAGGAAA
GGGAGAGGGAATCGGGGTCG
GAGAGTTCAAATGAGACCCTGCCAGAGCAAAAAGACAAGGTGCAGAAATTGTTCAGTGGAAGGGGGTTTCTGCCATGGTGGTGGGTCTACATCGGCTGGTTCCTTGCCATATCCTCCAGTCTGTTTGCTGCTTATCTGATTATTCTCTATGGCCT
GACTTTTGGCAAGCAGAA

GTCCCTGGACTGGCTGGTCTCCATGATCGTCTCACTGTTCCAAAGCATTGTTGTGATCCAACCAGTGAAGGTCATTGCCATAGCGGCTTTTTTTGCCATTGTTTTGAAATCTTATGATTACGACGAAATTGGAG TGACATTCTTTAAGCAGCTCAAG
ATATATGCAGGTGGCC

AACAGTCCAGCACCACTAGCACCCAGAGCAAGCACAGAGACTCCCACTTCTACCAGCCTCCCACTGGCCGAGCCGTGGAGCAAGCACH GACACGC, \TGTACTCCCTGATCAAGGCCTTCCTTGGCCATCTGGTGT
TTATCTGGCTGGTGCTGCAG

GTCAGCATTGCCCAGCGGGATCCTGCTGGCATCTACCTCAGCCTGGCCATGAGGAGTAGCTTCACGACAAAACTCGACCAGGTAAAAACAATGCCAGATGTGTACACATGGATAAAGGGTGAATT TGCTCCAAGTCTGTATGAAGCCGAGCCTG
GCACTGCTTTGCAGGAATC

CCTTCTTGTGGGCAGCCCGAGATTACGCCAGCAGAGAGTTAAACCAGGCTACTTACAACACTGCAGGGAGCTAGACACTTACCGATACTTGCGTCCTGGATGCTATGCTGTCCGTGGCACTGAGT TGGACCAAGGTGCTTACAATGCATCTTGG
ACTCAGCCTCTGTCATCTA
ATAACACATCACAGCATCAGTCCCGCAGTCCTTGGGTCTACCAGTCCCACTGGCAGGCAAAGGGGAGCTACTTCCTGACAGACCCCGGGCGCTACAACCGCGGGGGTTTCCTTCTGGATCTTGGTACAACTAGGGCCTCCACAGCCAATCAGA
CAGCCCTCCTGCAGGACTTG
GGCTGGGTCGATCAGTACACCCAGGCGATAATCCTGGAGTGGGTGGTTTACAATGCCAACACAAACCTCTTCTGCGCGTGCACTGTTGTGTTTCGCGCCGAAGGAACCACCACCGTGGTGCCCTCTCACGAGTTTGCGATTGTTTGCATCTACC
GTTACACCAACAAGTATGA

CAAGTTTGTGGTGATTCTGGAAGTGCTGTATGTCATGGTTGTTACTGTCATCATGGGAATGGAAGTTCTCAAGTGGAAGAACAATCGCAGGGAATACTGGGCATTCTGGAATGTCCTAAATATTG CCATCATTATTCTATCCATTTCAGCAACCACA
Egélé$¢;éEGC§A§éE§CATCATGCAGCTGTACAAAGCCAACCACAACATGCATCTCAGCTTCGCCGACATAGTCGTCCTGGACTCCGTCTTGGTCACCAGCCTGGC'I_I'CCGTGGCCTTCTGCAGCCTCCTCAAGTG CCTCAAGATTCTCCACTAC
é#‘é%igiggiggﬁefgggzAGACTCACCAAGACTCTCCTCATATACCTGTCCATGTI'GACTGTCACCTTTGTGGCATTTGCATACTACGGCTACCTCAGCTTTGGCCGTCAGTTCAGGGATTTCTG CGACCTTCTGCGATCCATCCAGTGCGTATTC
é‘l'l-'igzgégcAcCTAcTcGGCﬁ'gGGACATCATGGAG GCGTTTGGGATGCAGGCGTACTTTTTTTTTGCGCTGGCCAACTTCTTCCTGATCGCAGTCATCGTCAACCTGTTCATTGCCATGCTACTGCACTGCTACTCCGCAGCCAGGAGTGAGTTTGTCCGGT
ACAAGGACCACGACTTGG TGTCCATGCTGACCGAATGGTTCCTCTCGGCTTTCTCCATCAAAGGGCAATACAAGAGGGT GCACAAGCACAACAGCATTGCCTCACTGGAGTCACTT
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Appendix E. Annotations and gene ontology results.
Summary of GO, annotation terms for genes expressed in
COTS gonads and percentage distribution of the top
annotations with the NCBI invertebrate database

The large majority of Pfam GO annotations identified molecular function
categories (56%); few of those annotations identified biological process (29%) or cellular
component (15%). The most common molecular function categories were protein
binding (5618), ATP binding (2461), nucleic acid binding (1470); common biological
process categories included oxidation-reduction process (1625), transmembrane
transport (1503), protein phosphorylation (1181); and the most common cellular
component were integral component of membrane (3147), membrane (1800), nucleus
(560). (B) Transcripts that were annotated with the NCBI invertebrate database were
heavily populated by hits to the Acanthaster planci database. Other hits at a percentage
of 2 or lower included the sea urchin Strongylocentrotus purpuratus (1.6%), the acorn
worm Saccoglossus kowalevskii (0.5%), the sea anemone Nematostella vectensis
(0.3%), the scallop Mizuhopecten yessoensis (0.3%), the oyster Crassostrea virginica
(0.3%), and other invertebrates (2.4%) (B)
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A. Number of transcripts per Pfam Gene Ontology subcategories in the
categories Molecular Function, Biological Process, and Cellular
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Appendix F.  Guanylate cyclase alignment of Acanthaster
cf. solaris and Asterias amurensis. The alignment shows
amino acid sequence differences for the sperm receptor for
asterosap

Asterias_amurensis_Guanylate_cyclase 1 MRCLMLSWLVAGVVWVALGTNFKIGLLVPLTDPQTGNASGFGDPVAGAFPVAVDDINLNPA\LPGHTVSWEWVDTKCDINTGLTAVSDWWK SCDYEARL/
Acanthaster_cf_solaris_Guanylate_cyclase 1 MRRLLLAIILVAS-AWVSHGTDFKIALLVPFTDPQNGNIQAIGDPIAGAFPLAVEDINNSPSILPGHTLTWEWVDSQCD SCDYEARL/ F 120

Asterias_amurensis_Guanylate_cyclase 121 DYGCDEGAVSNKLLYPTYIRTLPPSTRIVDALIVTLQKFDWDQVTVVYRNHSIWTNILNAMKEEFEVHDITVQHQEVFQTGFVPNNDSIINPFPEIFTRTKETTRIYVFLGEMIELRSFA 240
Acanthaster_cf_solaris_Guanylate_cyclase 121 DYGCDEAAVSDKLLYPTYVRTLPPSTRVADALVITMQMFNWDQVTVVLRNHSIWHQVYSVVSAQFKENNITVQHEEIFESGFIPYNDSTPDPFPDIIRRTKETTRIYIFLGEVYELRSFA 240

Asterias_amurensis_Guanylate_cyclase 241 MAALDEGLNNGD YAILGMAIDHKIRRSQNWHSLDFLHMGTYLDEKAAKAMESVLIIAPKAPKFTFVYKSWNVKVRDSVQGAPFFQTGREFHTFSAFLYDATILFAKALEETLAAGEDPFD 360
Acanthaster_cf_solaris_Guanylate_cyclase 241 IDAYDQGLTNGEYVIVGTSVDHKMRTTQNWHSMSYIGW GTFEDEKAIKAFEAVLIVTPKGPKKTWVYREWMWNVKATVRLSPFFGTGRYFHTFAAFLYDATILFAQALQATLDAGEDPYD 360

Asterias_amurensis_Guanylate_cyclase 361 GEAIVSHAMGVQYQSISMLQNGIDESGDGISRYMLMDMNELQEADSWLTAGYPGVIGVGEFIRNSNGRWTFNATDDYNTPIKWPNDAGPPLDMPVCGYFEEFCPKYGLYFGLGVPIVLLI 480
Acanthaster_cf_solaris_Guanylate_cyclase 361 GQQIVSHIFNTPYQSISMLNNQIDHTGDGVSRFVLLDMNRLQKADDYLIAGFPGMVGVGEYIRTIDGKWTFNRTDDYDLD IHWPNDMGPPLDMPVCGYFGELCPRYGLYFGVGIPVVLLI 480

Asterias_amurensis_Guanylate_cyclase 481 VGCAVGYFYYRKIKYEGELDSLVWKINFDDVQAKGKDTNKSGISMKSMVMSTLSVMTNQETQQIFARIGTYRGNICAIKAVNKHSIDLTRTVRQELKAMHDVRHDNVCQFVGASVDSPHV 600
Acanthaster_cf_solaris_Guanylate_cyclase 481 FGLTAAYYIYRKRKYESELDSLVW KIDFEEVQAKGGQTNKSGVSMKSMVMSTISVMTNQETQQIFARIGTYRGNVCAIKAVHKNHIDITREVRKELKAMRDVRHDNVCQFVGACIDRPHI 600

Asterias_amurensis_Guanylate_cyclase 601 CILMTYCAKGSLQDILENDDIKLDNMFLASMIADLVKGMIYIHTSMIESHGNLKSSNCVVDNRFVLQITDYGLHEFKKGQGEDPDLPDDVRYRNLLWRAPELLRMGKKMPLAGTPKGDVY 720
Acanthaster_cf_solaris_Guanylate_cyclase 601 CILMTYCAKGSLQDILENDDIKLDNMFLASLIADLVKGMIYLHTSLIESHGNLKSSNCVVDNRWVLQITDYGLEQFKKAQAEDPDMTDDVRYRNMLWKAPELLRMGAKMPARGTRKGDVY 720

Asterias_amurensis_Guanylate_cyclase 721 SFAVVLTEMYSRAEPYNLNDDEPEEIVEKVMAGSIPPYRPLLNDVNEKAPECVLKAIRSCWGEDPVERPDFFKARTMLAPLQKGLKPNIMDNMITIMERYTNNLEELVDERTQELQKEKA 840
Acanthaster_cf_solaris_Guanylate_cyclase 721 SFAILTEMYSRAQPYHLNDEEPEEIIKRLKAGSIPPYRPLLNDVNESAPECVLKAIRQCWEEDPEDRPDFFGARTILAPLQKGLKPNIMDNMITIMERYTNNLEELVDERTEELQREKA 840

Asterias_amurensis_Guanylate_cyclase 841 KTEQLLHRMLPPSIASQLIKGISVAPEAFDMVTIFFSDIVGFTALSAASTPIQVVNLLNALYTTFDATISNYDVYKVETIGDAYMLVSGLPLRNGNRHAGMIASAAWHLLEEVTTFVVPH 960
Acanthaster_cf_solaris_Guanylate_cyclase 841 KTEQLLHRMLPPSIASQLIKGISVAPEAFDMVSIFFSDIVGFTALSAASTPIQVVNLLNALYTLFDAIISNYDVYKVETIGDAYMLVSGLPIRNGNRHAGMIASAAWHLLEDVSTFVVPH 960

Asterias_amurensis_Guanylate_cyclase 961 KRDEKLKLRIGIHSGSCVAGVVGLTMPRYCLFGDTVNTASRMESNGLALKIHVSPECRQVLQELGGYNLVERGLVAMKGK GEILTYWLEGQDPSYKVERNKPPKQDL 1068
Acanthaster_cf_solaris_Guanylate_cyclase 961 KPEEKLKLRIGIHSGSCVAGVVGLTMPRYCLFGDTVNTASRMESNGLALKIHVSPECRQVLEEIGGYELVERGLVAMKGKGEILTYWLVGQDPSYKIERVKPPKQNL 1068
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Appendix G. Characteristics of bindin of Acanthaster cf.
solaris. Includes a schematic diagram of repetitive domains
and a translated bindin sequence with domains highlighted

Schematic diagram of repetitive domains (only) of bindin. Collagen-like domains
(KRG), tandem repeat motif q (8 copies), and tandem repeat motif r (10 copies).
Translated bindin sequence with domains highlighted: signal sequence (purple),
preprobindin (orange), furin-type cleavage site (pink), collagen-like (green), g repeats

(blue boxes), r repeats (yellow boxes), highly conserved 3’ bindin core domain (red).

= KRG == KRG === KRG == q q q q q q q q m— T T T T r T T [ e—

1 YCKNIFSILQSTVATMDWQAQLVLTLTVFVILSLSCQA 100
101 200
201 RVRRAGEKKPKRGRRKKGKGKRRNRGKTWKGGQRRKGRKRTKGRKKGGEKPTNILTKEKS 300

301 VNPGTRDVRLKVERNERESQPKEIEIKPVKPGRGKPRRGGKGOQRKIKRRRKWRGKRKGKGRKRSKGRKRGRGRKRVKGRRRVKRRSRGKGKQPVIAMEDK 400
401 EREREEEPATEETGVAGDKREPVEKIGTGNKIKKKNKKAMKELDQAEMPTKIPGSENSRKGKTKTPKKWKGKTKGIGKKKGTPPVIATEKEEAGTEEKPV 500

501 NPEAVLEEAEAEPDAKETMPEELEIQPVEQEPVKPREKKPGRGGKGKKKRKGRKKGIRRQKGKGKRPFIVMEEEEAGTEEKLVNPETIEPMEEPVEMETK 600

601 IPEETEIEVVEQEPVIPGGKKLAKRI\KGKKKGQGRKRGKGKKGGRKPPAVVIEEGEKEIEETAVNAETGEEdPMAEP\IEMETKPEETEIELVEQEPGGEKP I 700

701 [KKGRKGKKKGQGRKRGKGKKGGRKPPAVVIEEGEKEIEETAVNAETGVEGIPMEEPVEMETKPEELEIELVEQELGGKKPAKGRKGKKKGQGRKRGKGKKG | 800

801 |GRKPPAV\IIEEGEPETEETAVMAEKGE\IﬂtﬂlEEFVETEMKPEEMETELVEQEQGGEKPTKGRKGKKKGQGI‘(KRGKGKKGGRKPPAVVIEEGEKETEETAV' 900
1001 |KPEETELELVEQEPVIQGGKKPAKRGKGKKKGQGRKRGKGKKGGRKPPAVVIEEEEPETEETAVNAEKGEVGIPMEEPVETEMKPEETETELVEQEPLIPG | 1100
12n1‘mFMEEPVEMETKPEETEIELVEQEPVTPGGKKPSKRI\KGKKKGNRRKMRKGRKKGGQKQRAIVVM 1300

1301 EEEPVKQEKPGAAEIGVIGAKVEPMEIQETKLAEAMRELDQTEIPFETEPLEPEMKLEEAETEPLWPETDLVEAETEPFEPDTEIFEAETELLEPETELV 1400
1401 EAETELLEPETELLEAETELFEPETELVEEAEPLEPETELAEEAEPLEPETELVEAETEPLEPETELVEAETEPLEPETELVEAETEPLEPETERMEVNI 1500
1501 ESEEELFEPKTEVAEIDEKMKELRDLLEATKMDLPVDINDPYDLGLLLRHLRHHSTLLAHIGDPDVKKEVLSAMNEKDET 1581
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Appendix H.  Bindin alignment of male and female
sequences. The alignment shows amino acid sequence
differences between the full-length coding sequence
expressed in males versus four partial coding sequences
expressed in one female

A_ct_solaris_male_bindi 1 NIFSILQSTVATMDWQAQLVLTLTVFVILSLSCQAEDTACPPGCRCGVGQAACRKPYNGTQPLPNHTTKLELHTVDPIVLRALVQS 120
Acl_solaris_femalel_bindin_part! 1 G TSRV CKRLNLYQLTLAPEEKS QNN LANKS TATHOW QAGLVLTL IVF VL SL SCHAEDTAC P GCRCEVGOAACRKFYNGTGPLPUKITT ELHTVOP VLRALVQS 120
A_cf_solaris_female1_bindin_partil 1 120
AL sulaus female1_binin_parii 1 120
A_cf_solaris_female1_bindin_partv 1 120
A_ct_solaris_male_bindin 2L LML PG T ENDS TAQP DY EQRMM TV EELHDLOKGVIGLASLETL—_NEKALECSCDLLSLAEAAYGNGVDLYHVIKLLMSQSCROEGLDLOLHSPLELLLLCASRSSYQLK 240
A_cf_solaris_female1_bindin_part! 121 VPOLKHLMLNRPEGFTS ENDS TAQPDYE QR TVEELHDLOKGVIGLASLETLYMNEKALECSCDLLSL ELHSPLELLLLCSSRSSYQI 240
A cf_solaris_female1_bindin_parti 121 240
Al solaris_female1_bindin_partil 121 240
‘A_cf_solaris_female1_bindin_partv 121 240
A solas_malebindin 241 PFQSKPALLQPKESQLL KEIEIK 360
Al s male1_bindin_part 241 PFQSKPALLQPKERQLL DVRL KEIEIK 360
Aol solarsfemale1_bindin-partl 241 360
‘A_cf_solaris_female1_bindin_parti 241 360
A_cf_solaris_female1_bindin_partlv 241 360
A_cl_s¢ :_bindin 361 DQAE 480
Aol solars fomled bindin_part 361 TEE DQAE 480
A_c_solas_femaled_bincin_parl 361 480
‘A_cf_solaris_female1_bindin_parti 361 480
Aol Solaris_fomale1_bindin_part 361 480
A_ct_solaris_male_bindin 481 TKTPKKWKGK TMPEELEIQPVEG 600
Al solaris_female1_bindin_part! 81 TKTPKKWKGK EEAEAEPDAKETMPEELEIQPVEQ 600
‘A_cf_solaris_female1_bindin_parti 81 600
A_e_solars_femaled_tindn_part) 481 600
‘A_cf_solaris_female1_bindin_partv 81 600
A_cf_solaris_male_bindin 601 VNPE! TKPEETE 720
‘A_cf_solaris_female1_bindin_part! 601 NPE 720
Acf_solaris_female1_bindin_parti 601 VEQE- TKPEETE 720
A cf_solaris_female1bindin_parti 601 720
‘A_cf_solaris_female1_bindin_partv 601 720
A_cf_solaris_male_bindin 721 L TAVNAE EIELVEQEL 840
‘A_cf_solaris_female1_bindin_part! 840
A cf_solaris_f female1_binin_part 721 IELVE 840
1_pindin_parti 840

Aol Solaris_female1_bindin_part A 840
A_cl_s¢ :_bindin 841 TEL TEETAVNAE TKPEETELEL 960
el solare lema\el bindin_part! 841 960
1 pindin_partl 841 960
A-cl-solari-{emale1 bindin_partl 841 960
A_cf_solaris_female1_bindin_partiv 841 960
A_ct_solaris_male_bindin 961 VEQEPVI ELVEQEPVI 1080
Al solaris_female1_bindin_part! 961 1080
‘A_cf_solaris_female1_bindin_parti 961 1080
A _cf_solaris_female1_bindin_partil 961 1080
‘A_cf_solaris_female1_bindin_partv 961 1080
A_cf_solaris_male_bindin 1081 TETELVEQEPL TAVNAE 1200
‘A_cf_solaris_female1_bindin_part! 1081 1200
A_cf_solaris_female1_bindin_parti 1081 1200
‘A cf_solaris_female1bindin_partil 1081 1200
‘A_cf_solaris_female1_bindin_partv 1081 1200
A_cf_solaris_male_bindin 1201 ETELELVE TKPEETEIEL 1320
female1_bindin_part! 1201 1320
female1_bindin_partl 1201 1320
female1_bindin_partl 1201 1320
A_cf_solaris_female1_bindin_partiv 1201 1320
At soars malebicin 1321 IQETKLAEAMREL EPEMKLEEAETEPLWPETDLVEAETEPFEPDTEIFEAETELLEPETELVEAETELL 1440
_femaledLindin_part 1321 1440

1 pindin_partl 1321 1440
female1_indin-parll 1321 AEAMREL EPEMKLEEAETEPLWPETDLVEAETEPFEPDTEIFEAETELLEPETEHVEAETELL 1440

A _cf_solaris_female1_bindin_partiv 1321 1440
A_cf_solaris_male_bindin 1441 EPETELLEAETELFEPETELVEEAEPLEPETELAEEAEPLEPETELVEAETEPLEPETELVEAETEPLEPETELVEAETEPLEPETERMEVNIESEEEL FEPKTEVAEIDEKMKELRDLL 1560
Al solaris_female1_bindin_part! 1441 1560
‘A_cf_solaris_female1_bindin_parti 1441 1560
A cf_solaris_female1_bindin_partil 1441 EPETELLEAETELFEPETELVEEAEPLEPETEL: 1560
A _cf_solaris_female1_bindin_partv 1481 EPE FEPKTEVAEIDEKLMKELRDL 1560
A_cf_solaris_male_bindin 1561 -EATKMDLPVDINDPYDLGLLLRHLRHHS TLLAHIGDPDVKKEVLSAMNEKDET 1641
e solas_femaled_bindin_part 1561 - - 1641
1 bindin_partl 1641

Ae-soare femaled andn b 1561 - — 1641
‘A_cf_solaris_female1_bindin_partv 1561 LEATKIDLPVDINDPYDLGLLLRHLRHHSTLLAHIGDPDVKKEVLSAMNEKDET 1641

144



Appendix I. ARIS alignments. (A) ARIS1 from Asterias
amurensis and Acanthaster cf. solaris, (B) ARIS2 from
Asterias amurensis and Acanthaster cf. solaris, (C) ARIS3
from Asterias amurensis and Acanthaster cf. solaris.

(A)

Asterias amurensis ARIS1 1 MLVTSLCCCLVVLGLATPGARAAFGDNMDHGRDDLFEKMGKATVDVFDIVDGQVQLDVALEDTIGQDEVWILD 120
Acanthaster cf solaris ARIS1 1 FPSLQLVSSHFSVVTPIRIKSRGQPHPVLACENYRVGLLNLHLGLREMFLTGLCC-LLVLGLATPGARAAFGDVGTHGRDDLFEKMGQARVEEFEVVNGQVSLDIVLEDTEGQDEVWILD 120

Asterias amurensis ARIS1 121 FQPFQH-NNKSNRPVIQENGGSLVAENTGTCSNVFTTLPFDSSTGFYKDSYTPNYPGTKSLFSYYETGSEIIQQGDMRIREDHITFMGSMDTLFNCKDSDDETVWEKEVTADAIQFNATL
240

Acanthaster cf solaris ARIS1 121 FQDFDHMQNKSQRPIVKTDGGKLVAEHTGTCSSVFSSVPYHSVTGFYKDTYAPAPPGNKTLFNTYQTNGTFVQKGDIRVREDHLQFDGVIDTMFECKTSDGANVWHKEVTPETIQFNTTL
240

Asterias amurensis ARIS1 241 YMTNVRPQGSGTNPEPAYVQSFAILYWRLLRVALSRFLVSSTERLQPIFEFAIVEAVYLNDDEEYGFDRSRAEVQIAFRTVTDNTNGELISVYKINTLVYDPADSVI-SEISHVKRTPSS 360
Acanthaster cf solaris ARIS1 241 FMTNVRPQGSSSNPDPAYVQSYAVLYWRLLRVALARFLISSTEQLKPIFEYALVRPVYLNDDEEYGFDEDRAEVELAFRTLTAHPNGSLISVYRVNSLEYDPADLLVGNKLGHIKMIPTR 360

Asterias amurensis ARIS1 361 GCDKPLGVEDSNIIGDGLITASSYWLEGNSLEYSPDKGRLNAKAVETISAGMWMAGST-VDQWIQVEIPSDNLWVSGVMTQGFGNEDINMWVREFYVGYQVGV-GTFNPVLNSAGATHI-

480
Acanthaster cf solaris ARIS1 361 GCHLPLGVENGT-ISDSQLSSSSVWL--NSAEYSAPKARLNAQPIDAVSAGAWLAGTIDANQWIQVDLLTQT-WVSGVLTQGYIYQDTVMWVTKYSVSHSAEAAGSLSPVFNESGVNAVP
480

Asterias amurensis ARIS1 481 --FTGNYDSHTIVTNYLDAPVSTDAIRIYPTDFENNMALRFELLVCEGHPECFTDANGTDYRGTVHQTVSGTTCQRWSSQEPHMHSFSWENDRDNGIGDHNFCRNPDGQTQPWCYTLDPL
600

Acanthaster cf solaris ARIS1 481 VVFAGNYDSETIVKNYFDDPILTQRIRILPQEWSNGIAMRIELLGCDTHTECYTDSNGEDYRGTVSVTESGETCQRWSAQEPHTHSFTPENYAHRGIGDHNFCRSLDNATRPWCYTLDPS
600

Asterias amurensis ARIS1 601 SPMEFCDVGAAAVSCAPITAPEADPELYVTYYAPYCNFTEWEQSCTQSWLFVVVLEVDTTAAVNRMPIDATGEFTFEFETYTCPNNDRSACSKVDVPNAIISHEITLQTTVEIVDDVKDS 720
Acanthaster cf solaris ARIS1 601 MPIGFCDVGVAQVSCTPNVTRDAPSNFYANY-APYCNFTEWENYCTQRWVFVLVLEVDSSGATNRMPIDATGEFTFEFDTYDCPNNDRSVCRRLDIPEAIVSNEITLQTTVEVVDDAKDS
720

Asterias amurensis ARIS1 721 PRIYLKKVHGEDPTVDIRDGYRPGVSHLETVTVDTHFFPEFLRTNLQLELTLFMVCIGREFRDTPDGCLGAPVEQSYTAYVSPEFLYRLSTDNSLLTP---DSIATSPQSLESHDYIHSE 840
Acanthaster cf solaris ARIS1 721 PRVYLKKVHGSDPTVDIRGGVPPGVSHLEAVTVETHFFPLFLRDELEMELTLFMVCIGSEF-NSGDGCLTSSPENSYTAYVSPNFFYRLYTAPEAFTDLFADDIATSTQTLDSHSYIHAS 840
Asterias amurensis ARIS1 841 EIHRSLFVNKALSAMSREYTITNVFRLVERTDRTKRDIQRRDVKDKINDPIAVHQAIYFKGCPPNSTHVAKVYACVCDNKGEMYSETNFKCERSTKGIVYEEGV-PSDDAENPQDGGDSK
960

Acanthaster cf solaris ARIS1 841 EMHRTVFTNKALSARSQEYTITSVFRLVERAGRRRRAILKRDVQDKVDEPILVHQTILFRGCPPNSVHDVQKQACVCSEDGKVYSRDTFECVKLSPSLSDEEKQSPVDSAKTPGESNDPG
960

Asterias amurensis ARIS1 961 EEGRKGKGVVLTAVLSTTSLSVGLAVLLAVAL-- 995
Acanthaster cf solaris ARIS1 961 NDSSQGHHENNSATLNTSMLVPLICIFTLVASLM 995

(B)

Asterias amurensis ARIS2 1 MAVQLET -LLTF-AILPGESEAAFGQTIDDKVTDFRFKNMGEAYIPEFEIVDSKANFEVVLEDTLNEAEYWVVDFEPYNMNKNTAVDPYTGDINP 120
Acanthaster cf solaris ARIS2 1 KLVEDRTVCNPDLHRGHTLVTHATMLILPRLTVLLAFLGALFGQSAARFGDAIEDKVSDSRFRNMGQAYISQFEIVDSTTKFQVVLEDTLNEPEYWVVDFQQYGAEGLTAVDTQTGSIHP 120

Asterias amurensis ARIS2 121 DNTGECSNVMFDAPYNQQDVAAGYYFSDVGNFISRNVSILDDQSNGDSVHKRLFTSYVRGQSFTDIDSDGVNIQRRDYILSFNQNFGFFFNCTNTMGENIWSFANTTDTIEFRSTIYFTN
240
Acanthaster cf solaris ARIS2 121 ENTGECSSVIFSAPYQEENVTVGYYFSDQGNFVSRNVSLTDNQIDGSGANKRLFTSYQRGSNFTEPDSDGNDIQRRNYVLSFDDDFGYFFNCTDTNGMNIWEFSNTTDTIEFRTTIYFTN

Asterias amurensis ARIS2 241 VRPVDPADGTKGMSWVTSNVDLIYRLNRVAIVNFIVSSTALVKPVLDFVIIEPYFDAQGD--PEPNRASIEIQFQTTIESAGGELLALYNATSLQYIARDQVAGENSSLNLDLDYIYPDG 360
Acanthaster cf solaris ARIS2 241 VRPVDPTDGTKGMSWVTSSVDLFYRLNRVAIVNFIVSSIALVKPVLDFVIIDLYFPPATPTIPDTKKVSIEMQFQTTIESPNGELLALYNSTSFKYLPKNETAA--SFINFDLGYDFPNG 360

Asterias amurensis ARIS2 361 SQQCQYVETDKCRQTWLFKFVIDLNVGIVENDLPIDATGTFKFRFAKHQCVDATEANPSDCVDLGLDPFTISLEVTIQTVVQVVDATKDSPTVILVSMSGANGEDLRGGVDPPTRGVNHL
480
Acanthaster cf solaris ARIS2 361 TQQCQYVGTARCRQIWNFNFVLELDVVVTDDDMPIDATGTFKFLFAKYQCNDPTEKKPIDCIEMNVDPLTISLEVTIQTVVQVVDSTSDTPTIQLVSLTGNNGEDLRSG--GGRRGVNHL 480

Asterias amurensis ARIS2 481 EDVNIVVKYTPEFLRSDFDLDLTLFMVCKEDKTNSPGGCLDVEISNRYVAYQSEFFRYAYVAVEGGEVT--SYNTTDLDDDNTVQSLTTNAYDSANEVYNIGFTNTALSQERLSYTITTV 600
Acanthaster cf solaris ARIS2 481 EPVSIVVQYFPEFLRRDFDLELTLFMVCKSNLLSSDAGCLSAPQAQRYVAYSNANFQFAVETDNNGDSTTVTYDSSSLTNDNKVQKLTTNAYDSTNEVYNMGFTNTALSQDRLTYTITTV
600

Asterias amurensis ARIS2 601 FRLIEKPGRRRR---ANQPQQQMFSTRFGGMGGIA-GLVPYGPPRHRERRGIMSAAALPQGHFVEMTFNGCPENSTFSPASYHCECNRVGETYSKETFTCQGSKSLAPDQEIINVRDKV-
720

Acanthaster cf solaris ARIS2 601 FRLVQKPSARRRRAIAARTQLILTSSLDGDVERMARGLMAYGLPRARTRRDIMEAVADPQGHIYTLTFNGCPANSTFNAGTYHCQCDRESERYSTESFTCQGPKSLPPGLAPVDVVEDLQ
720

Asterias amurensis ARIS2 721 EPDSGRMPSSGISTAPDSALFYAVLTVWFTGFLCLL-- 758
Acanthaster cf solaris ARIS2 721 -PDSSGAP----SIVANNALFVCIFIV---SILIMYVK 758

Asterias amurensis ARIS3 1 MFFYGGMARLFFG---LVLVVLLVRMSRA--GFGDDISQDNEDNRFANMGQVTKDSFDVESGVVTLQLNVQDTEGIKEIWILDFQPYRFNIDAMPVNELDGQLMMDQ 120
Acanthaster cf solaris ARIS3 1 RRLLLVRLTFTVRLGWHCRGPMSFNGMWILCTLVLFAQLSRALGAFGDDISQDNEDNRFAVMGQVTKDIFDVQSGNVTLQLNVQD'I'I'GTMEFWLLDFQEYRFNLDALPVDEVTGNLLKDR
120

Asterias amurensis ARIS3 121 TSECSSVYETASWNDYFNDTYFTDKDSTGLASKKLFTQFTRGSLNGDGF-RDNKITFTGDMGLFFTCKDSINEDFIWQMTDITDDEIEYRTKLYTTNVRPKDPLVSTGGISFVQSHIELI 240
Acanthaster cf solaris ARIS3 121 TSACSNVYEDADWDTFFNDSYIQDKGDSSLTSKNLFTTIKRGDIDTDGIMRNDKIIFQGDMATFANCKDSNDEEYVWEMTAITSDEIEYRTKLYATNIRPKDPEDPTGGVSFVQSHIELI 240

Asterias amurensis ARIS3 241 WRLSRSVLTKFLISSTALIRPILEFARVTAVYDALDRAVPTQSALHIRFRTVVDSDTQMLSYNTDSLVYDPDNTNHGINAIDYQPDGTLDAAPDCEFKLDEGTQTQLQCQQTWEFKLVLD 360
Acanthaster cf solaris ARIS3 241 WRISRSVLAKFLISSTALIKPVLEFARVSAVYDEQNRVVPTQSALHIRFRTIVDANDQMVNYENNSITYLPENVNHALNTIVYQPVGILDEAPACDFVLDEGTRTQMQCQQAWEFKMILD 360

Asterias amurensis ARIS3 361 VDTSGQVDNRIPVDASGTFEFYFTLYGCEKTNNEFDKATCQQVGTDPAKISALITIQTTVFIQDMEDDQVTIILQSLTGAENEDPSYGTGSRGVAHKETVDLKVKFSPALLRKDYDLDLL 480
Acanthaster cf solaris ARIS3 361 IDTSTQVDNRVPIDASGTFEFLYMAYRCGLENNTLNVSSCIAMSVDPAKISALITIQTTVFVQDEEEDQVIILHSLTGASNEDLSYGTGSRGVAHKEYVDLRVKFSPAFLRKDYDLFLL 480

Asterias amurensis ARIS3 481 LFMVCKGEEYASDTYAQGCLEAPSSDRYVAHRDGSFSFIPRVSNENGT-TLLDEYNSSHVAEDTYQPLESQEYLREDESGQALAVPVHQSKFVNVALSGESAVYTITTVYRLVERLQVPL
600
Acanthaster cf solaris ARIS3 481 LFMVCKGQEYASDQYLQGCLQAPSEDRYVAHYDATFNFIPRITDDNGTVVILNAYNTTHVENDVQQPLHLQEYLRE-ESGETLAIPVHRSTFYNLALSAESDVYTITVVYRLID--TQG 600

Asterias amurensis ARIS3 601 RKRRATLPKMHDVILSKSVWGRTRTGKSTGTIIERHSRDVEDSARDTHGHAVPFTTMGCPEDSEHIQEELDCRCPVGKEYSLKTFECLEPGAEVDVEEETNEVQEETNDDEDDLKKPGSK
720
Acanthaster cf solaris ARIS3 601 RKRRAALPHMQDIILAKSVWGRAGVGRTTGTIITRHARDVEDSVQASHSNRIPFLSLGCPEEATHVQEELDCKCPAGMVYSLNSFNC----EALSLNEDVKEVKED--DQVNDLK----E 720

Asterias amurensis ARIS3 721 TGMAPATSCTLWLIVTANAIIVLM-RMH 749
Acanthaster cf solaris ARIS3 721 TAHAQCIACPISLILLANSLLFLLLKDY 749
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Appendix J. COTS gamete-recognition genes
reassembled from the RNA-seq data of Stewart et al. 2015.
Coding sequences for six gamete-recognition genes from
pooled testis transcriptome samples, including genes
expected to be expressed in ovaries of females (ARIS1,
ARIS2, ARIS3, EBR1)

>ARIS1_Testis-Tissue-Stewart-et-al-2015[TRINITY_GG_12296_c0_g1_i1
TTTCCCTCCCTTCAACTCGTATCTTCTCATTTTTCTGTCGTAACTCCGATTCGCATCAAAAGCCGAGGGCAGCCCCATCCTGTTTTGGCTTGTAAAAGTTATAGGGTAGGCCTACTCAACTTGCATCTTGGACTCCGAGA
AATGTTTCTGACCGGTTTGTGCTGCTTATTGGTGCTGGGTCTGGCGACGCCCGGCGCCCGGGCGGCATTCGGTGATGTTGGGACCCACGGAAGAGATGACCTGTTCGAAAAGATGGGACAGGCAAGGGTTGAAGA
GTTCGAAGTTGTTAATGGTCAGGTGTCTTTGGACATTGTGTTGGAGGACACGGAGGGCCAAGACGAGGTCTGGATCCTGGACTTCCAAGATTTTGACCACATGCAGAACAAGTCTCAGCGGCCCATCGTGAAGACTG
ATGGAGGGAAACTGGTTGCAGAGCATACAGGGACCTGCTCAAGTGTCTTTTCTTCAGTGCCGTATCATTCTGTCACTGGCTTCTACAAGGATACATATGCTCCTGCTCCCCCTGGGAACAAAACACTCTTCAACACCTA
CCAGACCAATGGAACATTTGTGCAGAAGGGCGACATACGAGTCAGGGAGGACCATCTTCAGTTTGATGGCGTGATTGACACCATGTTTGAGTGCAAGACCAGTGATGGTGCCAATGTCTGGCACAAAGAGGTAACAC
CTGAGACTATCCAGTTCAACACCACGCTCTTCATGACCAACGTTAGACCACAGGGCTCCAGTTCTAACCCGGACCCAGCCTACGTTCAGAGTTATGCTGTTTTGTACTGGCGTCTGTTGCGTGTGGCTTTGGCGAGGT
TCTTGATAAGTTCAACAGAACAACTGAAGCCGATCTTCGAGTATGCCCTGGTGAGGCCTGTATATCTAAATGATGACGAGGAGTATGGATTTGACGAGGATCGAGCGGAAGTGGAGCTTGCCTTTCGCACCCTGACA
GCGCACCCAAACGGCAGCCTCATATCGGTCTACAGGGTGAACAGTTTGGAGTATGACCCTGCTGATCTGCTTGTTGGCAACAAGCTTGGACACATCAAGATGATACCCACCAGGGGTTGCCATCTTCCCCTTGGTGT
GGAAAATGGCACCATCTCTGATTCCCAGCTTTCGTCCTCATCTGTCTGGTTGAACAGTGCAGAGTACAGTGCCCCCAAGGCTCGGCTGAATGCCCAACCAATCGATGCTGTCTCTGCTGGGGCCTGGTTGGCCGGCA
CTATTGACGCCAATCAGTGGATACAGGTGGATCTACTAACGCAGACATGGGTGTCAGGAGTACTCACCCAAGGTTACATTTACCAGGACACCGTTATGTGGGTTACAAAGTACAGCGTCTCTCACAGCGCTGAAGCTG
CCGGCAGCTTGTCTCCTGTCTTCAATGAGTCTGGCGTGAATGCTGTACCAGTCGTATTTGCTGGGAACTATGACAGTGAGACTATTGTCAAAAACTACTTTGACGATCCCATTTTGACCCAGAGGATCCGCATCTTACC
CCAAGAGTGGTCCAATGGCATAGCCATGCGAATTGAGCTGCTTGGATGTGACACCCACACTGAGTGTTACACCGACTCCAATGGAGAGGACTACCGGGGAACAGTTTCGGTCACAGAGTCGGGTGAGACCTGCCAA
CGCTGGTCTGCTCAGGAGCCCCACACCCATTCCTTCACCCCCGAGAACTATGCCCACCGCGGCATCGGCGACCACAACTTCTGCCGAAGTCTGGATAATGCCACCCGGCCCTGGTGCTACACACTCAATCCCAGCA
TGCCCATTGGCTTCTGTGATGTTGGAGTGGCACAGGTGTCCTGCACACCTAATGTGACAAGAGATGCTCCAAGCAACTTCTATGCCAATTATGCACCCTACTGCAACTTCACCGAGTGGGAGAACTACTGCACGCAGC
GTTGGGTGTTTGTACTCGTTCTGGAAGTGGACTCCTCAGGAGCCACCAATAGAATGCCCATTGATGCTACGGGCGAGTTTACCTTCGAGTTTGACACGTACGACTGTCCTAACAATGACCGCTCAGTCTGTCGGAGAC
TGGATATTCCTGAAGCTATTGTCTCCAACGAGATCACCTTGCAAACCACCGTAGAAGTTGTTGATGACGCAAAGGACAGCCCTAGGGTTTACTTGAAGAAGGTGCATGGATCGGACCCAACCGTGGACATCAGGGGT
GGGGTTCCACCTGGCGTGTCTCATCTTGAAGCAGTCACTGTGGAGACCCATTTCTTCCCGCTCTTCCTGAGAGACGAGCTTGAAATGGAATTGACATTGTTTATGGTGTGCATTGGCTCTGAATTTAACTCTGGCGAT
GGCTGTCTGACTTCATCCCCAGAGAACTCCTACACAGCCTATGTCTCGCCAAATTTCTTCTACCGTCTGTACACTGCTCCGGAGGCCTTCACCGATCTCTTTGCTGACGACATAGCCACTTCTACTCAGACTCTGGACT
CGCACAGCTACATCCATGCCAGCGAGATGCACCGCACAGGCTTCACCAACAAGGCGCTGTCGGCCAGGTCCCAGGAGTACACCATCACCAGTGTCTTCCGGCTGGTGGAGAGGGCCGGGCGAAGGAGGCGGGCT
ATCCTGAAGCGCGATGTCCAGGACAAGGTTGACAAGCCCATCCTGGTCCACCAGACAATCCTCTTCCGGGGCTGTCCACCGAACTCTGTCCACGATGCGCAGAAGCAGGCCTGCGTGTGCAGCGAGGATGGGAAG
GTGTATTCGCGCGACACCTTCGAGTGTGTGAAGTTGAGCCCTAGCCTTTCAGATGAGGAAAAGCAATCCCCAGTTGACAGGGCCAAGACTCCAGGAGAAAGTAATGATCCAGGCAACGACTCAAGCCAAGGTCATGA
TGAGAACGACTCTGCCTCACTCAACACCTCAACGCTCGTACCACTCATCTGTATCTTCACTCTCGTTGCCTCATTGATG

>ARIS2_Testis-Tissue-Stewart-et-al-2015[TRINITY_GG_37606_c0_g1_i1
GAAGACCGGACGGTATGCAACCCTGATCTACACAGAGGACACACCCTTGTCACCCACGCAACCATGCTTATTCTACCGAGGCTCACTGTCCTTCTTGCCTTCCTGGGCGCCCTTTTTGGGCAATCGGCCGCCAGGTT
CGGCGACGCCATCGAGGATAAGGTGTCTGATAGCCGGTTCCGGAACATGGGGCAGGCCTACATCTCACAATTCGAAATAGTCGACAGTACGACGAAATTTCAAGTAGTCTTAGAGGACACCTTGAACGAGCCCGAGT
ACTGGGTGGTTGATTTTCAGCAGTACGGCGCTGAAGGTCTCACGGCTGTCGATACCCAAACCGGCAGTATTCACCCTGAGAATACTGGCGAGTGCTCCAGCGTCATCTTCAGTGCACCCTACCAAGAGGAGAATGTC
ACGGTTGGCTACTACTTCAGTGACCAGGGCAATTTCGTGAGTAGAAACGTGAGCCTAACTGACAATCAGATAGACGGCAGTGGAGCAAACAAACGTCTCTTCACCAGCTACCAACGCGGAAGCAACTTCACGGAACC
CGACAGCGATGGAAACGACATCCAAAGACGAAACTATGTCCTGTCGTTTGATGATGATTTTGGTTATTTCTTCAACTGCACTGACACGAACGGCATGAATATCTGGGAGTTCTCCAATACGACCGATACTATCGAGTTC
CGAACGACAATCTACTTCACCAATGTCAGGCCTGTGGACCCCAATGACGGCACAAAGGGTATGTCCTGGGTAACGTCCAGTGTGGATCTGTTCTACCGCCTGAATCGAGTAGCCATCGTCAATTTCATTGTCAGCTCC
ATCGCCTTGGTGAAACCAGTACTGGACTTCGTCATCATTGACTTGTATTTCCCGCCGGCAACACCGACTATTCCCGATACCAAGAAAG TTTCCATCGAGATGCAATTCCAGACCACCATTGAGTCGCCAAATGGTGAG
TTGTTGGCGTTGTACAACAGCACCTCGTTTAAATACCTGCCCAAGAATGAAACCGCAGCCAGCTTCATCAACTTCGACTTGGGCTACGACTTTCCGAATGGCACCCAACAGTGCCAATACGTGGGAACCGCAAGATGC
CGACAGATTTGGAATTTCAACTTCGTTCTCGAACTAGACGTGGTGGTCACAGATGACGACATGCCAATTGATGCCACAGGTACTTTCAAGTTTTTGTTCGCCAAGTACCAGTGCAATGATCCCACGGAGAAGAAACCG
ATCGATTGTATCGAGATGAACGTGGATCCTCTGACAATTTCCCTTGAGGTTACAATACAGACTGTTGTTCAGGTGGTGGATAGCACCTCAGATACCCCGACTATTCAGCTTGTTTCACTCACCGGCAATAACGGGGAA
GATCTGCGGAGCGGCGGAGGGAGACGAGGCGTCAATCATTTGGAGCCCGTCAGCATCGTCGTTCAATACTTCCCAGAATTCCTCCGGAGAGACTTTGATCTAGAGTTGACCCTCTTCATGGTGTGCAAGTCCAACTT
GCTTAGCTCGGATGCAGGGTGTCTCAGTGCTCCGCAGGCTCAACGCTACGTCGCCTACTCCAATGCCAACTTTCAGTTCGCCGTCGAAACTGATAACAACGGTGACTCCACGACTGTTACCTACGACTCGAGTAGCC
TGACGAACGACAACAAAGTGCAGAAGCTCACGACAAACGCGTACGACTCGACCAACGAGGTTTACAACATGGGTTTCACCAACACAGCGCTGTCGCAGGACCGGTTGACGTACACGATCACCACCGTGTTCCGACT
CGTGCAGAAGCCCAGTGCGCGAAGGAGACGAGCCATCGCTGCTCGGACGCAGCTGATACTGACGTCTTCCCTCGACGGCGATGTGGAGCGAATGGCCCGGGGCCTAATGGCTTACGGACTGCCAAGAGCCCGGA
CGAGACGAGATATCATGGAAGCCGTTGCAGACCCCCAAGGTCACATATACACGCTGACATTCAACGGCTGCCCGGCAAACTCCACGTTCAACGCCGGTACCTATCACTGCCAGTGCGACCGAGAAAGCGAACGCTA
CAGCACGGAATCGTTCACGTGTCAGGGGCCCAAGTCCCTCCCGCCTGGATTGGCCCCCGTTGATGTTGTCGAAGATCTCCAGGAACCCGATTCTGGGAGGATGCCTTCGTCCGGCATCAGTACTGCCCCCGACTCC
GCCCTGTTCTACGCCGTATTAACAGTATGGTTCACTGGATTCTTGTGCTTACTG

>ARIS3_Testis-Tissue-Stewart-et-al-2015[TRINITY_GG_38360_c3_g1_i1
CGAAGGCTACTCCTTGTTCGCTTAACCTGTACCGTACGCTTAGGCTGGCATTGCCGGGGCCCAATGAGTTTCAACGGTATGTGGATCCTGTGCACCCTGGTACTGTTCGCACAACTCTCCAGAGCACTAGGCGCTTTT
GGTGACGATATTTCGCAAGATAATGAGGACAACAGATTCGCAGTTATGGGTCAGGTAACAAAGGATATATTCGATGTACAGAGTGGAAACGTCACCCTGCAACTCAATGTTCAAGACACAACAGGCACGATGGAGTTT
TGGCTTCTTGACTTCCAAGAATATAGATTTAATCTTGACGCCTTGCCTGTTGATGAGGTCACAGGTAATTTGTTGAAGGACAGAACCTCTGCATGCTCCAATGTGTACGAAGATGCAGACTGGGATACTTTCTTCAACG
ACAGTTACATCCAGGACAAAGGGGACAGCAGTCTAACGTCGAAGAATCTTTTTACAACAATTAAAAGGGGAGATATTGACACTGATGGCATCATGCGAAATGACAAAATCATCTTCCAAGGAGATATGGCAACATTCGC
AAACTGCAAGGACTCCAATGATGAGGAATACGTCTGGGAGATGACTGCTATCACCAGCGACGAAATTGAATACAGGACAAAGTTATATGCCACCAACATTAGACCAAAAGATCCCGAGGATCCGACAGGAGGGGTGT
CGTTTGTACAGTCACACATTGAATTGATCTGGAGAATATCCAGATCAGTCTTGGCCAAGTTCTTAATCAGTTCCACTGCCCTGATAAAACCGGTACTGGAGTTTGCTAGAGTGTCGGCTGTTTATGACGAACAGAACAG
AGTTGTACCAACCCAGTCAGCACTCCATATCAGGTTTCGGACTATTGTCGATGCAAATGATCAGATGGTCAATTATGAGAACAACAGCATTACATATTTACCAGAAAATGTCAACCATGCTCTGAATACGATTGTCTACC
AACCAGTGGGCATACTAGATGAGGCACCAGCTTGTGATTTTGTATTAGATGAAGGAACTCGAACACAGATGCAGTGTCAACAGGCTTGGGAGTTTAAGATGATACTTGATATAGACACATCCACCCAAGTGGACAATC
GAGTGCCAATTGATGCTAGTGGAACATTTGAATTTCTTTACATGGCTTACAGATGTGGCCTGGAGAACAACACTCTGAATGTTTCATCTTGTATTGCAATGAGTGTTGACCCAGCCAAGATCTCGGCATTGATCACTATT
CAGACAACAGTCTTTGTACAAGATGAAGAAGAAGACCAAGTCATAATCATACTCCATTCACTGACAGGTGCAAGCAATGAAGACCTCAGCTATGGCACGGGATCCAGGGGAGTAGCTCACAAAGAGTATGTTGACCTG
CGAGTTAAATTCTCCCCTGCTTTCCTCCGCAAAGACTATGACCTCTTTCTGCTACTCTTCATGGTATGCAAAGGGCAGGAATATGCCAGTGACCAGTATTTACAGGGTTGTCTGCAAGCACCTTCTGAAGACCGCTACG
TTGCACACTATGATGCTACTTTCAACTTCATTCCTCGCATCACAGACGATAATGGAACAGTGGTGATTCTGAACGCTTACAATACTACTCATGTGGAAAATGATGTTCAACAACCTCTCCACATTCAAGAATATTTACGTG
AAGAGTCAGGAGAGACTTTGGCAATTCCTGTACACCGTTCTACCTTCTACAACCTGGCGCTGTCAGCTGAGTCCGATGTCTACACGATTACTGTGGTCTACCGACTCATCGATACTCAAGGAAGAAAACGACGAGCAG
CCTTGCCACACATGCAAGATATCATCTTGGCAAAAAGTGTGGTAGGCAGAGCGGGAGTAGGCAGAACAACGGGTACAATCATCACTCGCCATGCCCGCGATGTTGTAGACAGTGTACAGGCTTCTCACTCTAACAGA
ATCCCATTCTTGTCTCTTGGATGTCCTGAGGAAGCGACACATGTACAGGAAGAGTTGGACTGCAAGTGCCCAGCAGGAATGGTGTACAGCTCAAACTCCTTCAACTGTGAGGCATTGTCGCTCAATGAAGATGTCAAG
GAAGTGAAAGAAGATGATCAGGTCAATGACCTTAAAGAAACAGCACATGCTCAATGCATTGCCTGCCCTATTTCACTCATTTTGCTGGCAAATTCATTGCTATTCCTGTTGTTGAAAGATTAT
>Bindin_partl_Testis-Tissue-Stewart-et-al-2015[TRINITY_GG_44916_c0_g1_i1
AAGCGGTTGAATCTGTACCAACTAACTCTTGCTCCAGAAGAAAAATCCCAGGGAAATAATATTTGTCTTAACAACAAGTCAACGGTTGCCACAATGGATTGGCAAGCGCAACTGGTGTTGACACTAACAGTATTTGTGA
TACTGAGTCTGTCGTGCCAAGCTGAAGACACCGCGTGCCCCCCAGGATGCAGATGTGGTGTGGGACAAGCAGCCTGTCGGAAACCGTATAATGGCACTCAACCTCTTCCTAATCACACAACAAAACTCGAACTACAT
ACAGTTGATCCGATTGTGCTCAGGGCACTGGTCCAAAGCGTGCCACAACTGAAGCATCTCATGCTGAATCGCCCGGAAGGATTTACAAGCGAGAATGACAGTACTGCTCAACCGGATTACGAGCAAAGAATGATGAC
CGTCGAGGAACTTCATGAG

>Bindin_partll_Testis-Tissue-Stewart-et-al-2015[TRINITY_GG_44902_c0_g1_il
GTCGAGGAACTTCATGATCTTCAGAAAGGAGTCGTTGGACTGGCAAGCCTTGAGACCTTAGTGATGAACGAGAAGGCACTAGAATGCTCATGCGACCTGTTGAGTTTGGCGGAGGCAGCTTATGGTAATGGTGTGGA
TCTGTATCACGTCATTAAACTTCTGATGAGTCAATCTTGCAGACAAGAAGGGCTGGATCTCGAGCTCCATTCTCCCCTAGAACTACTTTTGCTATGCTCTTCTCGTTCATCATATCAACTCAAACCATTTCAATCAAAACC
AGCACTTCTCCAGC

>Bindin_partill_Testis-Tissue-Stewart-et-al-2015[TRINITY_GG_44902_c1_g1_i7
GTTAATGCAGAAAAGGGAGAAGTAGGACCAATGGAAGAACCAGTGGAAATGGAAACAAAGCCTGAAGAAACAGAGATAGAACTAGTTGAACAAGAACCAGTTATACAAGGGGGAAAGAAGCCCGCAAAAAGAGGAAA
GG G GAAAGGGAGAAAGAGGGGAAAAGGAAAGAAAGGAGGAAGGAAGCCACCGGCTGTTGTAATAGAAGAGGGG CAG CAGCAGTTAATGCAGAAAAGGGAGAAGTAGG
ACCAATGGAAGAACCAGTGGAAATGGAAACAAAGCCTGAAGAAACTGAGTTAGAACTAGTTGAACAAGAGCCAGTTACACCAGGGGGAAAGAAGCCCTCAAAAAGAAGAAAAG GAAAAAAGAAGGGGAATAGGAGAA
AGATGAGGAAAGGAAGAAAGAAAGGGGGACAGAAACAACGAGCTATTGTAGTAAATGAGGAAGAACCAG TAAAACAAGAGAAACCAGGTGCAGCAGAGATAGGAGTAATAGGTGCCAAGGTAGAACCGG TGGAAAT
ACAAGAAACAAAATTAGCAGAGGCCATGAGAGAATTAGATCAAACAGAGATACCGTTTGAAACAGAACCACTTGAGCCAGAAATGAAACTTGAAGAAGCAGAAACTGAACCACTTTGGCCTGAGACGGACCTTGTAGA
GGCAGAAACCGAACCGTTTGAGCCAGATACAGAAATTTTTGAAGCAGAAACTGAATTACTTGAGCCAGAAACAGAACTTGTAGAGGCAGAAACTGAACTACTTGAGCCTGAAACAGAACTTTTAGAAGCAGAAACTGA
ACTGTTTGAACCTGAAACAGAACTTGTTGAGGAAGCTGAACCACTTGAGCCTGAAACAGAACTTGCTGAGGAAGCTGAACCCG

>Bindin_part!V_Testis-Tissue-Stewart-et-al-2015[TRINITY_GG_44902_c1_g1_i5
AAAGGACCAATGGAAGAACCAGTGGAAAGAGACAGCAGTTAATGCAGAAAAGGGAGAAGTAGGACCAATGGAAGAACCAGTGGAAATGGAAACAAAGCCTGAAGAAACTGAGATAGAACTAATTGAACAAGAACCAGT
TATACCAGGGGGAGAGAAGCCCGCAAAAAGAAGAAAAGGAAAAAAGAAGGGGAATAGGAGAAAGATGAGGAAAGGAAGAAAGAAAGGGGGACAGAAACAACGAGCTATTG TAG TAAATGAGGAAGAACCAGTAAAA
CAAGAGAAACCAGGTGCAGCAGAGATAGGAGTAATAGGTGCCAAGGTAGAACCGG TGGAAATACAAGAAACAAAATTAGCAGAGGCCATGAGAGAATTAGATCAAACAGAGATACCGTTTGAAACAGAACCACTTGA
GCCAGAAATGAAACTTGAAGAAGCAGAAACTGAACCACTTTGGCCTGAGACGGACCTTGTAGAGGCAGAAACCGAACCGTTTGAGCCAGATACAGAAATTTTTGAAGCAGAAACTGAATTACTTGAGCCAGAAACAGA
ACTTGTAGAGGCAGAAACTGAACTACTTGAGCCTGAAACAGAACTTTTAGAAGCAGAAACTGAACTGTTTGAACCTGAAACAGAACTTGTTGAGGAAGCTGAACCACTTGAGCCTGAAACAGAACTTGCTGAGGAAGC
TGAACCACTTGAGCCTGAAACAGAACTTGTTGAAGCAGAAACTGAACCACTTGAGCCTGAGACAGAACTTGTTGAAGCAGAAACTGAACCACTTGAACCAGAGACAGAACGTATGGAAGTAAACATAGAGTCAGAAGA
GGAGCTGTTTGAACCTAAGACAGAAGTAGCAGAAATAGATGAAAAATTGATGAAGGAACTGCGTGACCTCTTGGAAGCGACCAAGATCGATCTTCCAGTTGACATCAATGATCCATACGATCTGGGTCTTCTCCTTAGA
CACTTACGTCATCACTCAACTCTCCTTGCCCACATTGGTGACCCTGATGTCAAAAAAGAAGTCCTGAGCGCCATGAATGAAAAAGACGAAACTGAGTTTCTG
>Guanylate_cyclase_Partl_Testis-Tissue-Stewart-et-al-2015[TRINITY_GG_6781_c0_gl_il
CTCGACTTGCCGGTTCCGTCAACTTTCCACTGTTCGACTACGGATGCGACGAAGCAGCTGTTTCCGACAAGCTACTCTATCCAACCTACGTGCGGACCCTTCCACCGAGCACGCGTGTTGCCGATGCGTTGGTCATT
ACCATGCAGATGTTCAACTGGGATCAGGTGACCGTGGTCTTGCGTAATCATTCAATCTGGCATCAGGTCTACAGTGTAGTTTCAGCTCAGTTCAAGGAAAACAACATAACTGTTCAGCATGAGGAGATTTTCGAGTCTG
GTTTCATTCCTTACAATGACTCCACACCTGATCCTTTCCCAGACATCATTCGCCGCACCAAGGAAACCACTAGAATCTACATCTTTCTCGGGGAAGTGTATGAGTTGCGTAGTTTCGCCATAGACGCTTATGACCAGGG
ATTAACCAACGGAGAATACGTCATTGTGGGAACGTCTGTTGACCACAAGATGCGAACCACTCAGAATTGGCACAGTATGAGCTATATTGGCTGGGGTACCTTTGAAGACGAGAAGGCAATCAAGGCATTCGAGGCGG
TACTGATCGTAACTCCCAAGGGACCTAAGAAGACCTGGGTGTACCGAGAATGGATGTGGAATGTCAAGGCAACTGTCAGGCTCAGTCCGTTCTTTGGGACCGGTCGTTATTTCCACACATTTGCTGCTTTTTTGTACG
ATGCTACCATACTCTTCGCCCAAGCCCTGCAGGCAACACTGGACGCAGGGGAGGATCCTTATGACGGCCAACAAATTGTCAGTCACATCTTCAACACACCCTACCAGAGCATTTCCATGCTAAACAACCAGATAGATC
ATACGGGTGATGGCGTGTCGAGGTTCGTTTTGCTTGATATGAACAGATTGCAAAAAGCTGACGACTACCTGATTGCTGGCTTCCCAGGCATGGTTGGAGTGGGGGAATATATCCGGACTATTGACGGCAAATGGACT
TTCAATAGAACTGATGACTACGATCTGGACATCCACTGGCCCAACGACAAGGGCCCTCCACTGGATATGCCTGTTTGTGGCTATTTTGGCGAACTCTGTCCAAGATACGGGCTGTACTTCGGTGTCGGGATACCAGTG
GTCTTACTAATATTCGGTCTTACCGCCGCATACTACATTTACAGGAAACGCAAATACGAGAGCGAGCTGGACAGCCTAGTTTGGAAGATTGACTTTGAGGAAGTTCAAGCAAAAGGTGGCCAGACCAATAAGTCGGGA
GTCTCCATGAAGAGCATGGTCATGAGTACAATATCCGTTATGACGAACCAAGAAACTCAGCAGATCTTCGCCAGGATTGGAACCTATCGCGGTAACGTTTGTGC
>Guanylate_cyclase_Partll_Testis-Tissue-Stewart-et-al-2015[TRINITY_ GG_6781_c0_g2_i2
GAACCTATCGCGGTAACGTTTGTGCCATTAAAGCCGTCCACAAGAATCACATCGATATCACCCGGGAGGTTCGGAAGGAACTCAAAGCGATGCGCGACGTTCGTCACGACAACGTGTGTCAGTTCGTAGGAGCCTGC
ATTGATCGACCACACATCTGTATCTTGATGACATATTGCGCTAAGGGTAGCTTGCAGGACATTCTGGAAAACGACGACATCAAGCTCGACAACATGTTCCTGGCCTCGCTGATCGCTGATTTAGTGAAAGGTATGATCT
ACCTACATACCTCCCTGATCGAGTCACACGGTAACCTGAAGTCATCTAACTGCGTAGTAGACAACCGATGGGTGTTGCAAATAACTGATTATGGATTAGAACAATTCAAGAAAGCACAAGCAGAGGATCCAGACATGA
CTGATGACGTGCGATACAGAAATATGCTTTGGAAGGCCCCTGAACTTCTGCGGATGGGTGCAAAAATGCCAGCACGCGGTACCCGAAAGGGTGATGTGTACTCCTTCGCTATCATCCTAACTGAGATGTATTCCCGT
GCCCAGCCCTACCATCTAAATGACGAGGAGCCTGAAGAAATCATTAAGAGACTTAAGGCAGGGTCTATTCCACCGTATCGCCCGCTACTAAATGATGTGAACGAGAGCGCACCTGAGTGCGTACTGAAAGCCATCCG
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CCAATGCTGGGAGGAGGACCCAGAGGATCGACCGGATTTCTTCGGAGCTCGTACCATTTTGGCTCCTCTACAGAAAGGACTGAAACCAAACATCATGGATAACATGATTACTATTATGGAGCGGTACACCAACAATCT
AGAGGAGCTAGTGGATGAACGTACAGAGGAGTTACAGCGGGAGAAGGCAAAGACAGAACAACTATTACATCGCATGTTACCACCTTCCATTGCATCGCAGCTGATAAAGGGGATCTCTGTTGCTCCTGAAGCCTTCG
ACATGGTTTCCATCTTCTTTTCCGATATCGTTGGCTTCACTGCTCTCTCCGCCGCCAGTACACCCATTCAGGTCGTCAATTTGTTGAATGCTCTGTACACACTCTTCGACGCCATTATTTCCAACTATGACGTATACAAG
GTGGAAACCATCGGTGATGCCTACATGTTGGTGTCAGGCCTTCCAATCCGCAACGGTAACCGTCACGCTGGTATGATCGCCTCAGCTGCTTGGCATCTCTTGGAGGATGTTTCAACATTCGTCGTACCACACAAACCG
GAAGAAAAGCTCAAACTCAGAATTGGTATTCACTCAGGAAGTTGCGTGGCGGGTGTAGTTGGCCTGACAATGCCTCGTTATTGTCTATTCGGTGACACAGTGAATACAGCGTCTCGTATGGAATCTAATGGGCTCGCG
CTCAAGATTCATGTCAGCCCCGAATGCCGACAGGTACTAGAAGAAATCGGTGGATATGAGCTAGTAGAAAGGGGTCTCGTTGCCATGAAGGGAAAAGGTGAAATTCTGACGTACTGGCTTGTGGGACAAGATTCAAG
TTACAAGATCGAAAGAGTCAAACCGCCCAAACAAAATCTG
>EBR1_partl_Testis-Tissue-Stewart-et-al-2015[TRINITY_GG_26786_c15_gl_il
ATTCGGGAAACCTTGTACAATTTGCACTCGGTGCGTAAACGTGGCCTGCCATTCGAGTATTTGGGTGGTGTTCAAACGGTCAGTGCTGGTTTCTCTCCGTTCGCGACACCGAACATGACGCCGAAGATGCTCGGCCT
AGCTGCCCTGGTGGCAGCTCTGTTTTACCTAGCCTGTTCAACTTCTGCAAAACCGCTTACACAGGGTCTAGAGCTGAGCTCTGCTGATCGGCTTCATTACTTTGGCCAAACGGAAGCACAAGATTATGAACTGGTCTC
GCCGCGAGTCGCTCAGAGGAGGCGGCGAGCGACGCGGGGTAAGCACATCGAGACCACTAAGATTGTGGCCTTCCAAGCCTTCGGCGAAGATGTTTTGGCCGACCTGAAGCCCGTCCAAGGCCTGATCGACGCAG
GGACCCTGGTCCATGAGATCGGCGAGGACGGCAAAACGGTCCTCGGTCAACCCGAGGAATACTGCTTGTACCAGGGGACGTCTGTGAGTCACGAGAACTCGGCCGTGTATGGCAGCGATTGCGGTAACAAGCTTG
AAGCAACTGTCACTACGGACAAGGTTTCACTCCACCTCCAGCCGTTGAAGCCCGAACATGTGGAGAAAGACGGACCCACTCACATGGTGGTCCGAAGGAGCATCAACAGGGAAGCCTGCAACATGAATGCCGAAAG
AAATTTTGACACTCTGCAGACGAGGCGAAAGAGGTCAACAACCGATCCTATCTACGTGGACACCTCAGTTGTGGCTGACGACTTGGTGTACAAAACCTATCGCAACAACACCAAAAACTACATCCTGACTGTTTTGAAT
CAGGTTGCTGGACTGTTGAAGGACCCGAGTTTAGACGTCAAAGTCAACTTGAAAATCAACAATATCAAGATTCTCAAGACACCACAGGCTGACCTGCCTCTTTCAGAGGAACTTGAGAATTCCCTGCGGAACTTTTGTG
ATTGGCAGAAGAGAAGCGATTCTGATATTTCGATTCTTATCACAAGGCATGACCTGGTCTCTGCTGGCAATCGCAAGATCACTGGCAAAGCCGCTGATGTTGGAGGAGCATGCGACCCAAACAGACGCTGCCTTATTG
GCCAAGATCACGGACCTAGTGGACTGATCTTCACCCTCGCGCATGAGATTGGGCACAGCCTTGGCATGTACCATGATGGAGGACTGAGTGACTGCGCTAACAGGAAGAACATCATGGCATCTGTCAACTCTGGTGG
GCCTGACGCCTTCCACTGGTCTGAATGCAGCAACAGCGACCTCCTCAACTTCTTGGCTCATCCGGAGTCCAAGTGCTTGAAGGACAAGCCAAAGTCTCTGCCCGAATATACTGATTCCTCCATCCCCATGCCTGGCTT
TTACTACAATGCCAGCCAGCAGTGCGCCTTGACCTTCAACGAGAAGAGTGCCGTTGCCTCGGAGGTTCTGAACAAACCAGAAATTTGTCAAGCTCTGGTTTGTAAGAATGGCAAGGGAGTCCCAGACTCCACCAACG
TACCTCCCCTTGATGGAACCCGCTGTGGTACCAAGAGAGATATCTGCATTCAGGGATCATGCCTGAAAGTCTACAGTACTTTTGACTGCGAAGGTGGACCCTGCATCCCATTCTGGCTGGCTAGTAATTTTGTCTGCA
CTGATCCGGTAAACTGCACAGCGACGCGCTCGGTCCTGTGCGTGGAAGAACACGATGACGGCACCACACGACGGGTCGCCGACACTTCGCGGTGCCCAACAGAGATCCCGTCGACCACTGGAGTCTGTCCCGACA
ATCCCTGCAGGTATACCTTTGTCGAAGGAGAGTTTAGTGAATGCCCGGTATCTTGCGGCACTGGTATCCAGATTCGTAGTGTTGTTTGTCAGGACCAGCTGGAAGGAGTGGTCGTGGAGGATCTGCTTTGCACGCAA
ACCAGGCCATCAACGACCCAGCTCTGTAATGCGGGTCAATGCCCAACAATCAACGTCGAATATGTCATGGGAGAATTCCAGCCGTGCTCGGTGACATGTGGGACGGGAGTCCAAGTGCGATCTGTGGAGTGCCGCG
ACAATGAGGGTAACCAGGTGGCCGAGTCGTTCTGCCTGGATGCGGGTCTGAGCAGACCGTCGTCTACCCAGGCCTGTGATACGGGCGTCAGCTGTGGCCTGCGCTATGTGGCTGGTCCTTATGGTCAGTGCTCGG
TATCCTGTGGCATTGGTATCCGCACCCGCATGATATACTGCGTGAATGACAACAACCTCGTGGTGGCCATCACCCGGTGTCAGGATGCGTCCTTGGAGGTCCCCACCACAGACACCACCTGCGAATTGGAGGCGTG
CCCGACGCCAGTCTACACCGTCGTCCGGGGAGCATTTGGACAGTGCTCAGTTAGTTGTGGGAGTGGCACGGAGAGCAGACTTGTGGTCTGTCTCAACAACAACGTCCAGGTGGACATGCAGAACTGCATCGACGCC
GGACTGACCGACCTAGGGACGCAGCGGAATTGCACCCTTCCTGCTTGTCAGCCAGACTACCGCTTCCAGATGGGACCATATGGCGAGTGCTCTGTGACTTGCGGGGAAGGGCAGCGCTTTCGTGACGTCCAGTGC
CTGGATCAGAATGACCAAGTAGTGGATGTTACCAACTGTCTAAGCTTTGGTCTGATACCGCCTGAAAGCACCATTGTGTGCTCCCTGGATGACTGCCCGACGTACGTCTACCAAGTTGGGGAATTTGGACCGTGCAG
CGAGACATGCGGCAATGGCGTACAAATCCGCACCGTGGTCTGCATCAACAACGACACCAGGGTAGAGGTGGCAGACAGCATCTGTTCCGGGGAAAAGCCGGCCACGACTCAGCCTTGCAACCTGACGCCGTGCAT
CTCCTTGCTTCAGTTTGTCAGTAGCCCCTTCAGTGCCTGCAACTGCAGCGGCCTTCAGACCCGGCTGGTCGTCTGCATCCGGCGCTCGGGCAACATCCTGGAGCAGGTGCCTGTGCAAGCCTGCCTGGACGACGGA
CTGGACCCCTTGCCCACCTCCCAGGAGTGCACTCCACCCTCGACCTGTGTTCAGCTTAACCCCGTCTGGCAGACCACCGAATGGAATGGGTGCTCAGTGACCTGTGGCGTCGGTACCCAGGGTCGGCTGGTTTACT
GCATTGAGGCCCCTGGATCCACCAACATCGTCGATGAGTCAGAGTGCATTGCAGAGGACAGACCACCGGCCTCACAGGAGTGCGACACGCAAGTGGAGTGCCCAACGGCATATCTGTGGTTGACCTATGATTGGGG
ACCCTGCAGTGTGACCTGCGGCCTGGGCTTTGAGTCTCGCGACGTCTTCTGCTTCAATCTTGGCGACAACTTTGTGCAGGTTGAGGACTCTCTTTGCAACGCTGGGGAGAAGCCCCCCACGGTCCGCCCCTGCAGC
CTTGACCCTTGTTCCGCCTCCTGGACAACATCGGACTGGTCCGAGTGCTCTGTGAGCTGTGGCCCTGGTATGCAAACGCGCACCGTCGCCTGCCAACAGACCAAAGACCCCAACAGCAACTTGGTGGAGGAAACGG
AGTGTGTGGCCGAGGACCAACCTTCAGCCTCCCGCCCCTGCTACCTAGCCATCTGCCCCGCCCCCTACGGCTGCGAGACCACGTACATGTTGGAGGGCACCGTCCAATACACAGACAGCTCGCCGGGCTTCGCCA
ACGGCCAGAACTACCCCAACGACCTGGACTGTGACAAGGCCTTTGTGGCTGACATCCCGGCCACTGAGGGGCGCAGGCGTCGGCGAGAGACTGAAACAGAAACCCCCCAGTACTACATACGGCTGACCTTCACAG
CCTTTGATGTGGAACCTTCGCCAGACTGTTCTTTTGACTACCTAGAGATTACGGACGTCAGATACAACACCTCTGAGCGCCTCTGTGGCAACTCCTATGAGCTGCCGCTGGTCTGGACCTCGGTGGGACCTGACGTTA
ACATGTTCTTCCACACAGATGCCACCGTCACCCGGCCGGGCTACTCCCTCATCTACAGCGCGGTGGAGAAGGAAGACCCCGCCCGCTACGTGTTCTCTGAGTGGTCCGAGTGCTCAGTCACCTGCGGGGAGGGTG
TGCAGACGCGCGAAGTCACCTGTGTCCGTGGCAACCAGACGGTGGATGACATTGAGTGTAGCGGACTGGAGAGGCCCGCTTCCACCCAGCCCTGCGAGGAGGAGGAATGCGTGGAGCCCAGCGTGTGCAGCGGT
GATCTGATTCGCACCGAAGACAACAGCTTCATTCTGTCACCGGACTTCCCCAGCTCCTACCCAAACAACGTGTCCTGCTCCAATGTGGTTAGGGCTCCTGAGGGCATGGTGGTGCAGCTCACGACCACCTTTTTCAAC
CTTCGACCCTCGGCAGACTGTGAGGACAGGGTTCTGATCAAAGATGTGAATTCAGACGGTGATCCTCTACAGCTGTGCGGTACCCAGGCTCCAGGCGTTATCTTCACCTCCATCACCAACGAGATTGCCATCACCTT
CATATCGGCCGAGACTGGACCCATCAGTCCAAACGGTTTTGGCTTTACCCTGCAGGCCAACTTCATCAATGAGCAAGGAAGCCCCTGCGGTCAGGAGATCACCACCTCCGGCCAGGCTGTCTACTCGCCCAACTAC
CCTGACAATTATGACAGCAACCAGAATTGCCTGACGGTCATCCGCAATGACAACGGCTGCATCCAGCTGCGATTCTTGGACGTGGACCTCCCTCCATTCGACGGCCAGTGCTCGGACTTTGTGCAGTTGGTGGATCT
GAACCTGGTGAACGTCAACACCGGTCCCATCTGCGGCCAGGAGATCCCCTCTGTCTTCTACTCTGCCACCGGCCTCCTGACGGTCCGCTTCTTCTCTGATGAGAATGGCCCGACCCGGCGCGGCTACAATGCCGTA
GCCCGCTTTGTGGAGTGCACCGCTGGGCTGTGGTTTACCGGCCCTTATGGCGAGTGCTCGGCCACCTGTGGCGAGTCATACCGTACCCGAACAGTGGTCTGCCAGGATCCACGGACAATGGACGAGTTGGACCCA
TCCATGTGCCCGCTGGAAGTGCCCGAGTCGACCATAGATTGCGAGGTGGAGGAATGCCCAAGCTGTGACGTAGAAATCACCGCTCCAGGGGATGTAAGTGCTCCCATCTCGCCAGGAGATTTGAACTGTGTGGCAA
ATATAGCCAATCCAGAGGGCTGCGTCACCATCAATTTCTTGGGCTTGGACCTCGTGCCCGACCTCCCTGGAACCTGTGAAACGGACTACCTAGAGATCATTGATGCTGCTAGGCAGGAACCAATCAAGATGTGCGGG
TCGATGACCCTGGAGGTTTACCAGTCACTGAGCGGCAACGTACAGCTCATTTTCCAGAGATCCTCATCGCTATCGATGATATCTTACTTTGCTTATGTCTCCTTCAACGCCTGCCCTGTCAATGCTTACATCACAGGCA
ACTGGAGTGAGTGCTCGGTGACTTGCGGATCTGGTGTAAGAACTAGAGACGTCCAGTGCATGGACCTGATCAACAATGTCCCCGTGGAAGACGCTTTGTGTCAAGGCGAGCGCCCCCCGTCGGAGGAAACCTGCGA
CACTGGTGTAGAATGCCCATCGTGCGACATGGACATCGACATTAACGAGGGCATGTTTGTAACCAGTCCTGGCTTCCCCGAGGGCTACACGCCCAACCTGAACTGCCTATACAACTTCGATTCCCCACTCGTGACGG
AGTGCATCCGCTTGACCATCCTGGAGGTGGAGCTTGGTGGATCGGGGGAGGATGATCTGTGCTCGGCAGACTATGTGGAGCTCAGTGGCCCGGCAGAACAGGCACCGATCCGTATCTGCCCCGAGTCTGGTCGCT
CTATCTCCTGGTACTCGCGCAGCAACCAAGCCACCCTGAGGTTCGTCACAGACGAGGAGGGCTCCAACTCTGGCTTCAATGTGTACATTGTAAATGACAATTGCATTGAGTACGACTACGACGTGGGACCCTTCGGC
CCGTGTAACGTCCGTTGCGGGGGCGGAGTCAGGACCCGGGATGTGACGTGTATCAAACTGGATGACCAGTCGCCGGCGGCCGATGAGCTTTGCCGCAACCCAGCTCCCTTATCCAGCATGCCTTGCAACACGGAG
CCATGCCCTGTGTGTGATGAGACTTTGCTCCCCGGCAACGAGCTGATCACGAGCCCTGGGTTTTCCAGCGCCCCAGGCCGGGGTTACGAGAGCCTACTGGACTGCACTTACAACGTCACCAACCCAGAAGGCTGCC
TCTTCCTGACTTTCCTGAGCTTCGAGCTCCAAGACTGCAGCGATTGCACCTGCGACTCCCTCAGCATTTATGAGAACGGCGAGTTGGCACTTGAGCCCCTGTGCGGTGATCAGACGGGCCTAACCTGGGGATCCTCG
GACAGCAACGCGATCCTGGAGTTCCGCACAGACAACGCAGTCTCTGCTCCCGGATTCAACATTTACGTGGCTTATGTTGAGTGCCCCGACGTTTATTTCTACACCGGGGAGTACTCGGAGTGTGATGTCACCTGCGG
GGGTGGTACACAGACACGTGAGGTCTCCTGCCGAAGCCGCACTACGGGTCTGGAAGTGGAAGAGGCCATGTGCAGGAGCACCCGACCCCCTTCCTCCAAGTCCTGCGCAGAGCAATCTTGTCCATTCTGCGACGA
GGTCATCACCACACCCTCTTTCGTCGCCAGTCCCGACTACCCAGCGAGCTACCCTGTCAGCATCAACTGCAACTACGACATCCAGGCTCCCCCGGCCAGTTGCATCAGCATCACCTTCGTGGTGTTTGATTTGCAGG

AAGCCGAGAGCGACCCCGCAGTGTGCAGTGATTTTGTCGAGATTTCAGATACAAGGACGCCCTTACTGGACAGGCAGTACTGCGGAGCTGCCGGCCCCAATGAAATCCAGTGGAACTCCTACTACGGCAACGCACA
GATACGCTTCCACTCAGACGAGGAAGACACCTCCCAGGGCTTCCGCGCTTATGTTGGCTTCGTTAACTGCCCGGACTTTGGGTACATGGCCACCGAGTTCGGCGAGTGTTCGCGACCTTGTGGTGGAGGAGTGCAG

ACACGTATTGTCACCTGTGTGAGGTTTGCCACTCTTCAAGAGGTGGATGATTCCAATTGTGCAGATGAGAGACCGATCGAATCGCGCCCCTGCAACTTAGAGGAATGTCCAGAGTGTGACCAGGCCGTCCTGCAGAC
CCGTCAGAGCGTGTCCAGCCTCAACTTCCCCCAGCCCTACTTTGAGTATTCCTGCAACTACCTCTTCATCAACCCCGGGGGCTGCGTGGAGCTTCTCTTTGTCCAGTTGGAGATGCCGGAAGCAAATGCCGACGGCG

TTTGTGACACAGACTACCTCCTGGTGGAGGACTTGAGCAGCCGGCCGTTCTCCTACCGCATCTGTGGCCGCGAGATTCCGGGCAGCATCACCTCGCGCGGTGAGACCTTGAACGTCACCCTCATCACCGATGGCAA
CCCAGCCACTTTTGGCGAGGGTTACCAACTCTACAACCTGTTTACCAACGACTGTCCCCAGGTTGGCTTTGTGACCGGCGAGTTTGGAGAGTGCGATCGCCAGTGTGGTTTTGGCCAGCGGACGCGCGAGGTTACG

TGCGTCGACCTGCAGTCCGGCATTGAGGTGGACGAGAACCTGTGCACGGACCGCAAGCCCGCCAGCACCGAGTTCTGCAACACCCAGCCCTGCCCATCCTGCGACAGGACCATCGACTCTTTC
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Appendix K. Domain architecture comparison among
eleven predicted receptor for egg jelly (REJ) genes from the
Acanthaster cf. solaris genome. Domains of each predicted
gene were acquired from the programs SMART and Pfam.
Predicted genes 0ki.62.230 and oki.62.231 were
concatenated together for the diagram
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Appendix L. Reference sequences of gamete-recognition
genes of echinoderms used to search for GRGs in
Cryptasterina transcriptomes (Guerra et al., 2020; Hart &
Foster, 2013; Matsumoto et al., 2003; Mengerink et al., 2002;
Moy et al., 1996; Nakachi et al., 2008; Patifio et al., 2016;
Popovic et al., 2014)

>ARIS1|Acanthaster_cf_solaris|TRINITY_GG_10398 c12_ g1 il
TTTCCCTCCCTTCAACTCGTATCTTCTCATTTTTCTGTCGTAACTCCGATTCGCATCAAAAGCCGAGGGCAGCCCCATCCTGTTTTGGCTTGTGAAAATTATAGGGTAGGCCTACTCAACTTGCAT
CTTGGACTCCGAGAAATGTTTCTGACCGGTTTGTGCTGCTTATTGGTGCTGGGTCTGGCGACGCCCGGCGCCTGGGCGGCATTCGGTGATGTTGGGACCCACGGAAGAGATGACCTGTTCGA
AAAGATGGGACAGGCAAGGGTTGAAGAGTTCGAAGTTGTTAATGGTCAGGTGTCTTTGGACATTGTGTTGGAGGACACGGAGGGCCAAGACGAGGTCTGGATCCTGGACTTCCAAGATTTTGA
CCACATGCAGAACAAGTCTCAGCGGCCCATCGTGAAGACTGATGGAGGGAAACTGGTTGCAGAGCATACGGGGACCTGCTCAAGTGTCTTTTCTTCAGTGCCGTATCATTCTGTCACTGGCTTC
TACAAGGATACATATGCTCCTGCTCCCCCTGGGAACAAAACACTCTTCAACACCTACCAGACCAATGGAACATTTGTGCAGAAGGGCGACATACGAGTCAGGGAGGACCATCTTCAGTTTGATG
GCGTGATTGACACCATGTTTGAGTGCAAGACCAGTGATGGTGCCAATGTCTGGCACAAAGAGGTAACACCTGAGACTATCCAGTTCAACACCACGCTCTTCATGACCAACGTTAGACCACAGGG
CTCCAGTTCTAACCCGGACCCAGCCTACGTTCAGAGTTATGCTGTTTTGTACTGGCGTCTGTTGCGTGTGGCTTTGGCGAGGTTCTTGATAAGTTCAACAGAACAACTGAAGCCGATCTTCGAG
TATGCCCTGGTGAGGCCTGTATATCTAAATGATGACGAGGAGTATGGATTTGACGAGGATCGAGCGGAAGTGGAGCTTGCCTTTCGCACCCTGACAGCGCACCCAAACGGCAGCCTCATATCG
GTCTACAGGGTGAACAGTTTGGAGTATGACCCTGCTGATCTGCTTGTTGGCAACAAGCTTGGACACATCAAGATGATACCCACCAGGGGTTGCCATCTTCCCCTTGGTGTGGAAAATGGCACCA
TCTCTGATTCCCAGCTGTCGTCCTCATCTGTCTGGTTGAACAGTGCAGAGTACAGTGCCCCCAAGGCTCGGCTGAATGCCCAACCAATCGATGCTGTCTCTGCTGGGGCCTGGTTGGCCGGCA
CTATTGACGCCAATCAGTGGATACAGGTGGATCTACTAACGCAGACATGGGTGTCAGGAGTACTCACCCAAGGTTACATTTACCAGGACACTGTTATGTGGGTTACAAAGTACAGCGTCTCTCA
CAGCGCTGAAGCTGCCGGCAGCTTGTCTCCTGTCTTCAATGAGTCTGGCGTGAATGCTGTACCAGTCGTATTTGCTGGGAACTATGACAGTGAGACTATTGTCAAAAACTACTTTGACGATCCC
ATTTTGACCCAGAGGATCCGCATCTTACCCCAAGAGTGGTCCAATGGCATAGCCATGCGAATTGAGCTGCTTGGATGTGACACCCACACTGAGTGTTACACCGACTCCAATGGAGAGGACTACC
GGGGAACAGTTTCGGTCACAGAGTCGGGTGAGACCTGCCAACGCTGGTCTGCTCAGGAGCCCCACACCCATTCCTTCACCCCCGAGAACTATGCCCACCGCGGCATCGGCGACCACAACTTC
TGCCGAAGTCTGGATAATGCCACCCGGCCCTGGTGCTACACACTCAATCCCAGCATGCCCATTGGCTTCTGTGATGTTGGAGTGGCACAGGTGTCCTGCACACCTAATGTGACAAGAGATGCT
CCAAGCAACTTCTATGCCAATTATGCACCCTACTGCAACTTCACCGAGTGGGAGAACTACTGCACGCAGCGTTGGGTGTTTGTACTCGTTCTGGAAGTGGACTCCTCAGGAGCCACCAATAGAA
TGCCCATTGATGCTACGGGCGAGTTTACCTTCGAGTTTGACACGTACGACTGTCCTAACAATGACCGCTCAGTCTGTCGGAGACTGGATATTCCTGAAGCTATTGTCTCCAACGAGATCACCTT
GCAAACCACCGTAGAAGTTGTTGATGACGCAAAGGACAGCCCTAGGGTTTACTTGAAGAAGGTGCATGGATCGGACCCAACCGTGGACATCAGGGGTGGGGTTCCACCTGGCGTGTCTCATCT
TGAAGCAGTCACTGTGGAGACCCATTTCTTCCCGCTCTTCCTGAGAGACGAGCTTGAAATGGAATTGACATTGTTTATGGTGTGCATTGGCTCTGAATTTAACTCTGGCGATGGCTGTCTGACTT
CATCCCCAGAGAACTCCTACACAGCCTATGTCTCGCCAAATTTCTTCTACCGTCTGTACACTGCTCCGGAGGCCTTCACCGATCTCTTTGCTGACGACATAGCCACTTCTACTCAGACTCTGGAC
TCGCACAGCTACATCCATGCCAGCGAGATGCACCGCACAGTCTTCACCAACAAGGCGCTGTCGGCCAGGTCCCAGGAGTACACCATCACCAGTGTCTTCCGGCTGGTGGAGAGGGCCGGGC
GAAGGAGGCGGGCCATCCTGAAGCGCGATGTCCAGGACAAGGTTGACGAGCCCATCCTGGTCCACCAGACGATCCTCTTCCGGGGCTGTCCGCCGAACTCTGTCCACGATGTGCAGAAGCA
GGCCTGCGTGTGCAGCAAGGATGGGAAGGTGTATTCGCGCGACACCTTCGAGTGTGTGAAGTTGAGCCCTAGCCTTTCAGATGAGGAAAAGCAATCACCAGTTGACAGTGCCAAGACTCCAG
GAGAAAGTAATGATCCAGGCAACGACTCAAGCCAAGGTCATCATGAGAACAACTCTGCCACACTCAACACCTCAATGCTCGTACCACTCATCTGTATCTTCACTCTCGTTGCCTCATTGATG
>ARIS1|Asterias_amurensis|AB602892.1
GCGGGGAATTCCATTTGGCCGCCGCTGCCAAGCTGTGTGGTTTTCCTGAAGCCGTCTGTTGTTCGAAGATTCGTCCGGTTTTAATAGTGGTTGCTTTTTTCACGATTCAATTGCATAGTCTATAA
ATGAGTATACGCGACTGACTTCAAATAGGCTGAGCTCGAAACAGTAAGAGCTTGTAATTTCTAGCTCAAGAGTTCTATTTAACTTCCGAAAGGTCCGCCGCCGAACTACGAGAATGTTGGTGACT
TCGCTATGCTGCTGCCTGGTGGTTCTGGGTTTGGCGACGCCGGGAGCCCGGGCAGCGTTTGGTGACAACATGGACCATGGAAGAGACGACCTCTTTGAGAAGATGGGAAAAGCCACGGTCGA
CGTGTTTGACATCGTAGACGGTCAAGTACAGCTGGATGTAGCATTAGAAGACACCATCGGACAAGATGAAGTCTGGATCCTCGACTTCCAGCCCTTCCAACACAACAATAAATCTAATCGACCA
GTCATTCAGGAAAATGGAGGCAGCTTGGTGGCCGAGAATACAGGAACCTGTTCAAATGTCTTTACCACTCTGCCATTTGATTCGAGTACAGGTTTCTACAAAGATTCCTACACCCCCAACTATCC
AGGAACCAAATCATTGTTCTCTTACTACGAGACAGGGTCTGAAATCATTCAACAAGGCGACATGAGAATACGAGAGGATCACATCACTTTCATGGGTTCAATGGACACCCTGTTCAACTGTAAAG
ACAGCGACGATGAAACAGTCTGGGAGAAAGAGGTGACTGCTGATGCCATTCAGTTCAATGCGACACTGTACATGACCAACGTACGGCCTCAGGGAAGTGGAACCAATCCGGAACCAGCCTATG
TTCAGAGCTTTGCTATACTGTACTGGAGGTTGCTCAGAGTCGCACTTTCACGATTTCTAGTTAGTTCTACTGAGCGGTTACAGCCAATCTTTGAGTTCGCTATTGTCGAGGCTGTGTATCTAAATG
ACGATGAGGAATATGGGTTTGACAGGTCCAGAGCCGAGGTGCAGATTGCCTTCCGCACCGTAACGGACAACACAAACGGTGAGCTGATCTCTGTCTACAAGATCAACACTCTGGTGTATGATC
CAGCTGATAGTGTTATAAGTGAGATCAGCCACGTCAAGAGAACCCCCAGCAGTGGATGCGACAAACCGCTTGGTGTTGAAGACAGTAACATCATCGGCGATGGTTTAATAACGGCATCTTCCTA
TTGGTTGGAAGGTAATAGTCTGGAGTACAGCCCCGATAAAGGTAGATTGAACGCCAAGGCTGTCGAGACCATCAGCGCTGGAATGTGGATGGCTGGTTCAACCGTCGACCAATGGATACAGGT
CGAAATCCCATCTGATAATCTGTGGGTGTCCGGAGTCATGACCCAAGGGTTTGGAAACGAGGACATCAACATGTGGGTTAGAGAGTTTTATGTTGGCTACCAAGTTGGCGTTGGCACTTTTAAC
CCTGTTCTGAATTCTGCAGGAGCTACACATATATTCACCGGGAACTATGACAGTCATACTATCGTGACCAATTACTTGGATGCACCTGTTTCCACGGATGCAATCCGTATATACCCAACGGATTTT
GAGAACAACATGGCTCTACGATTTGAGTTGTTAGTATGCGAAGGTCACCCCGAGTGTTTTACCGATGCCAATGGGACGGATTATCGTGGCACAGTGCACCAAACGGTGTCCGGGACGACTTGT
CAGAGATGGTCTAGTCAGGAACCCCACATGCATTCCTTTAGTTGGGAGAATGACAGAGACAACGGAATCGGCGATCACAACTTCTGCAGAAACCCCGACGGCCAAACCCAACCCTGGTGCTAC
ACCCTCGATCCCCTGTCACCGATGGAGTTTTGCGATGTGGGAGCAGCGGCCGTTTCCTGTGCACCAATAACCGCACCCGAAGCAGACCCCGAGCTTTACGTCACCTATTACGCACCGTACTGC
AACTTCACTGAGTGGGAGCAATCCTGCACACAGAGCTGGTTATTTGTGGTGGTTCTAGAAGTGGACACTACAGCTGCAGTTAACAGAATGCCAATAGACGCTACAGGGGAGTTCACATTTGAGT
TTGAGACGTACACCTGTCCTAACAATGACCGCTCTGCGTGCAGCAAAGTAGATGTCCCTAATGCTATCATATCCCACGAGATCACTCTGCAAACAACCGTGGAGATTGTTGACGATGTTAAAGAC
AGCCCAAGGATTTACTTGAAGAAAGTGCATGGGGAAGATCCAACAGTAGATATTCGAGATGGGTACCGACCTGGCGTCTCTCATCTTGAAACGGTGACCGTTGATACGCATTTCTTCCCAGAGT
TTCTGAGGACCAACCTGCAGCTAGAGTTGACCCTGTTCATGGTGTGCATCGGCCGAGAGTTTAGAGATACACCGGATGGCTGCCTTGGGGCTCCAGTTGAACAGTCCTACACAGCTTACGTTT
CCCCCGAGTTTCTGTACCGTTTGAGCACCGACAATAGCCTACTCACCCCCGACAGCATTGCCACATCCCCACAGTCCCTCGAGTCACACGACTACATCCACAGCGAAGAAATCCATCGCTCGCT
CTTCGTCAACAAGGCTCTCTCTGCCATGTCCAGGGAGTACACCATAACGAACGTCTTCAGGCTGGTAGAGCGGACTGACCGAACAAAGAGGGACATCCAACGACGCGATGTCAAGGACAAGAT
TAACGACCCCATCGCCGTGCATCAGGCCATTTATTTCAAGGGATGCCCGCCGAACTCCACCCACGTTGCCAAGGTCTACGCCTGCGTCTGCGACAACAAGGGAGAGATGTATTCCGAGACTAA
TTTCAAGTGCGAGAGATCTACAAAAGGGATCGTGTACGAGGAGGGTGTACCCTCGGATGATGCCGAGAATCCTCAAGATGGCGGAGATTCCAAGGAGGAAGGAAGAAAAGGGAAGGGAGTGG
TTCTAACGGCCGTTTTATCCACTACTAGTCTGTCTGTTGGTCTCGCCGTACTTCTAGCTGTAGCTTTGTAAATGGCTCTCCTCCATTCAAACAAACAAATCGGACAGAAACAGCTAAAATCCCACC
TTAGGTCCCACAGTCTGCTTGTTGGTCTCTCCATCCTTCTAGCTTTGACATTGTGCATCGTTCTCAATCCGTTCAACCAAATAGAATT,
>ARIS1|P.miniatalcontigA03253a
ATGTCCGTGACCGGGTTGTGTTGCCTGTTGGTGCTGGGTCTGGCGACGCCTAGCGCCAGGGCAGCATTCGGTGATGTGAACCTCCACGGAAAAGATGACTTGTTCGAAAAGATGGGGCAGGC
AAGGGTTGAAAAGTTCGAAATTGAAAACGGTCAAGTTTCCCTGGACGTTCTATTGGAGAACACGCAGGGCCAGGATGAGGTCTGGGTCCTTGACTTCCAAGATTTTCACCACAGCAATAACAAG
TCTCTTCAGCCTGTGGTGAGGACGGATGGGGGTAAACTGGTCGCAGAGCACACAGGGACCTGCTCCAGTGTCTTTACCACAGTGCCGTATCACTCTGCAAATGGTTTCTACAATGACGGCTTTA
TTCCTGTCCCACCTGGGAACAAATCGCTGTTCAACACCTTTCAGTCGAATGCGACACTTATCCAGAAGGGAGACATGCAGGTCAGGGAGGACCGTCTTCAGTTTGATGGCTCAATAGACACCAT
GTTTGATTGCAAGACTAGTGATGATATGACCATCTGGCAGAAACAGGTCACGCCTGAAACCATTGAGTTCAACACAACACTCTACATGACCAACGTGCGACCCCAAGGCACCAGTTCCAACCCG
GAGCCGGCCTATGTTCAGAGTTATGCAATCTTATACTGGCGTCTGTTGCGTGTTGCACTGTCGAGGTTCTTGATTAGCTCAACGGAGAGACTCAGGCCTATCTTTGAGTATGCCATCGTGAGGC
CTGTCTATCTGAATGATGACGAGCAATATGGATTTGACAGGGAGCGTGCAGAGGTTGAGATTGCATTTCGTACCCTGACCAATCACCCAAACGGCAGCCTGATATCTGTCTACAGGGTGAATAG
TCTGACCTACGACCCTGCAGATCTCCTCGGCAACAACAAGATTGGTCACATCCGAATGATACCCACCAGAGGTTGTGACTTGCCCCTCGGTGTGGAGGATGGTACCATCGCGGACAATCAGAT
GACCGCCTCATCTATCTGGTTGAGTAGTGCGGAGTACAGCGCCTCCAAGGGGCGACTAAATGCTCAACCCATTGACGCTTTCTCGGCTGGTGCCTGGTTGGCTGCCGATGCCAATCTCAATCA
GTGGATACAGGTGGATTTGCTTACCCTCAAGTGGGTGTCGGGGGTACTGACTCAAGGTTACATTCTGGAGGCAATTGTTATGTGGGTAACAAGGTACAGCGTGGCCTACAGCACCGAGGATGC
TGGTGGCTTGACTACTCTCGTTAACGGATCTGGTGTGCCAGTCATATTTGAAGGCAACTTTGACAGTCAGACCATCGTGTCCAATTACTTTGACGAGCCCATTTTGGCCCGAAGGATCCGCATCT
TGCCACTGGAATGGGCCGATGGCATAGCCATGCGGATTGAGCTGCTTGGATGTGACGTTCATACTGAATGCCACACGGACGCCAATGGAACAGACTACCGAGGAACAGTTTCTGTGACCGAGT
CTGGCGAGACCTGCCAGCGCTGGTCAGCTCAAGAACACCACACCCATTCCTTTACCCCAGAGGACTATGCCGATTACGGCATTGGCGACCACAACTTTTGCCGGAATCCAAACAACTCCACGC
AACCGTGGTGCTACACACTCGATCCCAACGTGCCCACTGGATTGTGCGATGTTGGCACAGCGCAAGCGTCGTGCACCCCTAACGTGGCAGCAAATGAGCCCAGTCAATTCTACGCCAATTACG
CGCCCTACTGCAACTTGACAGAGTGGGAGAACTACTGTACGCAGCGTTGGGTGTTCACATTAGTTCTGGAGGTAGACATTACAGGAGCAACCAACAGGATGCCCATTGATGCTACAGGCGAGT
TTACATTCGAGTTCGACACGTATGACTGTCCCAACAACGACCGCTCCAATTGTCGACGATTGGAAATTCCGGAGGCCATTGTGTCCCATGAGATCACCTTGCAGACTACGGTGGAAGTTGTGGA
TGACACAAAGGATAGTCCCAGGATTTACTTGAAGAAAGTGCATGCATCGGACCCATCCATTGACATCAGGGATGGCGTCCAACCTGGTGTTTCTCATCTTGAGCCGGTTACCGTGGATACACAT
TTTTTCCCACTTTTTCTGCGAGACAAGCTGGAGATGGAATTGACGCTGTTCGTGGTGTGCGTCGGCAATGAATACAACTCGGGCGACGGTTGCCTGACTGCACCACCAGAGAGTTCCTACACAG
CTTATGTCTCACCAAATTTCTACTACCGTTTGTACACCACCCCATCCCAGTACACAGACCTCTATGCTGATGACATCGCCACTTCTTCTCAAACTCTAGATTCGCACACTTACATCCATGCCAGTG
AAATCCACCGCACGATCTTCACCAACAAGGCTCTGTCTGCCACATCCAGGGAGTATACCATCTCTTGCGTCTTCAGGCTGGTGGAGCGGACTGCCCGACGGAAAAGAGACATCCTCCGGCGAG
ACGTGGAAGACAAGATCGATGAGCCCATTATCGTACACCAGACGGTTCTCTTCAAAGGCTGTCCGTTAAACTCCGTCCACGACCCGAAGAACCGTGCATGCATTTGCAACGACGAAGGGGAGG
AGTATTCGAGTGAAACCTTCAAGTGTGTGCAGTCAAGCCCCCGCATCTTAAATGAGGAAACAAGACCAGTGGACAATGCAGGGAGTCCAGGAGAAAGCAGTGATCCAGGCGGCAAGTCAGACA
GCGGCCATGATGGCAACGGGTCCATGTCCCTCCATTTGCCTACATTCATGCTACAAACCCTAATCTGCATCTTCATACTGAGATCCGTTTTGATC

>ARIS1|Patiria_pectinifera|_AB602898.1
CTGTGCGCAGAATTCGAACTTGCNTGTGGTGAGGCGTGGTGCGTTTCTGCTCTCTGCCAAAGTCCGCTGCTCGCAATGGTCTGCCGTACCTCATGTTATCGGGACTAGATTTTCAGCGATTGTT
ACCCTCGTATTTTCAAATCTTCCTGTCTCCGATCTGTATGAAAGTCGTGGACAGTCTGTCCGTTAGGGGTAACTAAGTTGACTCAGACCGGACCGCTTCGAGGCCGGGTTTTCGTGACTCCGAG
AACATGTCCGTGAGCGGGTTGTGTTGCCTGTTGGAGCTGGGTCTGGCGACGCCTAGCGCCAGGGCAGCATTCGGTGATGTGAACCTCCACGAAAAAGATGACTTGTTCGAAAAGATGGGGCA
GGCAAGGGTTGAAAAGTTCGAAATTGAAAACGGTCAAGTTTCCCTGGACGTTCTATTGGAGAACACGCAGGGCCAGAATGAGGTCTGGGTCCTTGACTTCCAAAATTTTGACCACAGCAATAAC
AAGTCCCTTCAGCCTGTGGTGAGGACGGATGGGGGTAAACTGGTCGCAGAGCACGCGGGGACCTGCTCCAGTGTCTTTACCACAGTGCCGTATCACTCTGCAAATGGTTTCTACAATGACGGC
TTTATTCCTGTCCCACCTGGGAACAAATCGCTGTTCAACACCTTTCAGTCGAATGCAACACTTATCCAGAAGGGAGACATGCAGGTCAGGGAGGACCGTCTTCAGTTTGATGGCTCGATAGACA
CCATGTTTGATTGCAAGACTAGTGATGATATGACCGTCTGGCAGAAAAAGGTCACACCTGAAACCATTGAGTTCAACACAACACTCTACATAACCAACGTGCGACCCCAAGGCACCAGTTCCAA
CCCGGAGCCGGCATATGTTCAGAGTTATGCAATCTTATACTGGCGTCTGTTGCGTGTTGCACTGTCAAGGTTCTTGATTAGCTCAACAGAGAGACTCAGGCCTATCTTTGAGTATGCCATCGTGA
GGCCTGTCTATCTGAATGATGACGAGCAATATGGATTTGACAGGGAGCGTGCAGAGGTTGAGATTGCATTTCGTACCCTGACCAATCACCCAAACGGCAGCCTGATATCCGTCTACAGGGTGAA
TAGTCTGACCTACGACCCTGCAGATCTCCTCGGCAACAACAAGATTGGTCATATCAGAATGATACCCACCAGAGGTTGTGACTTGCCCCTCGGTGTGGAGGATGGTACCATCGTGGACAATCAG
ATGACCTCCTCATCTTTCTGGTTGAATAGTGCGGAGTACAGCGCCTCCAAGGGGCGACTAAATGCTCAACCCATTGACGCTTTCTCGGCTGGTGCCTGGTTGGCTGCCGATGCCGATCTCAATC
AGTGGATACAGGTGGATTTGCTTACCCTCAAGTGGGTGTCGGGGGTACTGACTCAAGGTTACATTCTGGAGGAAATTGTTATGTGGGTAACAAGGTACAGCGTGTCCTACAGCACCGAGGCTG
CTGGTGGCTTGACTACTCTCGTTAATGGATCTGGTGTGCCAGTCATATTTGAAGGCAACTTTGATAGTCGGACCATCGTGTCCAATCACTTTGACGAGCCCGTTTTGGCCCGAAGGATCCGCAT
CTTGCCACAGGAATGGGCCGATGGCATAGCCATGGGAATTGAGCTGCTTGGATGTGACGCTCATACTGAATGCCACACGGACGCCAATGGAACAGACTACCGAGGAACAGTTTCTGTCACCGA
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GTCTGGCGAGACCTGCCAGCGCTGGTCAGCTCAAGAACACCACACCCATTCCTTTACCCCAGAGGACTACGCCGATTACGGCATTGGCGACCACAACTTTTGCCGGAATCCAAACAACTCCAC
GCAACCGTGGTGCTACACACTCGATCCCAACGTGCCCACTGGATTTTGCGATGTTGGCGCAGCGCAAGCGTCGTGCACCCCTAACGTGGCAGCAAATGAGCCCAGTCAATTCTACGCCAATTA
CGCACCCTACTGCAACTTCACAGAGTGGGAGAATTACTGTACGCAGCGTTGGGTGTTCACATTGGTTCTGGAGGTAGACATTACAGGAGCAACAAACAGGATGCCTATTGATGCTACAGGCGA
GTTTACATTCGAGTTCGACACGTATGACTGTCCCAACAACGACCGCTCCAATTGTCGACGATTGGAAATTCCGGAGGCCATTGTGTCCCATGAGATCACCTTGCAGACTACGGTGGAAGTTGTG
GATGACACCAAGGATAGTCCCAGGATTTACTTGAAGAAAGTGCATGCATCGGACCCATCCATTGACATCAGGGATGCGTTCAACCTGGTGTTTCTCATCTTGAGCCGGTTATCCGTGGATACGC
ATTTTTTCCCACTTTTTCTGCGAGACAAGCTGGAGACGGAATTGACGCTGTTCGTGGTGTGCGTCGGCAAGGAATACAACTCGGGCGACGGTTGCCTGACTGCACCACCAGAGAGTACCTACA
CAGCGTATGTCTCGCCAAATTTCTACTACCGTTTGTACACCGGCCCATCCCAGTACACAGACCTCTATGCTGATGACATCGCCACTTCTCCTCAAACTCTAGATTCACACACCTACATCCATGCC
AGTGAAATCCACCGCACGGTCTTCACCAACAAGGCTCTGTCCGCCACATCCAGGGAGTATACCATCTCTAGCGTCTTCAGGCTGGTGGAGCGGACTGCCCGACGGAAAAGAGACATCCTCCG
GCGAGACGTGGAAGACAAGATCGATGAGCCCATCATCGTACATCAGACGTTTCTCTTCAAAGGCTGTCCGTTAAACTCCGTCCACGACCCGCAGAACCGTGCCTGCATTTGCAACGACGAAGG
GGAGGAGTATTCGAGTGAAACCTTCGAGTGTGTGCAGTCAAACCCCCGCATCTTAAATGAGGAAACAAGACCAGTCGACAATGCAGGGAGTCCAGGAGAAAGCAGTGATCCAGGTGGCAATTC
AGACAGCGGCCATGATGGCAACGGGTCCATGTCCCTCCATTTGCCTACATTCGTGCTACAAGCCCTAATCTGCATCTTCATACTGAGATCTGTTTTGATCTAAGTGTTTNCAATGACCANAAACT
CAAAAAANGNATTGTGCCCAAAATAACTANCGAGATGTCNTTCCCCTGCTATAGTTNCCTACATGTTTGCATGTTATGNTAAATTCCGTNTACACTTAAACAAAANGAGTNAATTGAGGNATNGCT
NATNGCATTGTAACACCATCNCCACAAAATGGTTTAAGTTGATATTAGGCGATCAAGGTAATTAAATACTGGTCTCATTTTCGCTGAATTTCTTCCTTCTTTTGGACTCAAACTTGTGAACGTTTTC
ATTTGTTTGCTTCATAGGAAGCGTTTCTAAAATATTGCTAAATTATTTTGGGCACTTTTGAGGAATGGAAATTTGGCGAGCTGCNCAATAGATTGCCNCAGCAATATGATTTGAAAAATCTATTTAT
TCAAAAAGAAATATTTATATTAAGATATATTTATTGAGAAGCAGTTCTATATTACATGTTTATTTATTACTTTTGTATTGTGATCAAAATTTTGTAGTAAGCGGACAGCAATAGCCATAGTTTATATATC
CCTATTTTCCACTTATGTTGCACTTTTGATGTTTGAAAGCATAGAAAAAAATGCCAAAAATATATATTTAAAAAAGTATTGTAATATTTTTGCAGCGGTATGTTTTNTCTTGTATTTTGGATGTGACAT
ATAAAAAAAACTGCATTTTCAAAAAAAAAAAAAAAAAAAAAAAAA
>ARIS2|Acanthaster-cf-solaris| TRINITY_GG_31908_c1_g1 il
AAACTGGTTGAAGACCGGACGGTATGCAACCCTGATCTACACAGAGGACACACCCTTGTCACCCACGCAACCATGCTTATTCTACCGAGGCTTGCTGTCCTTCTTGCCTTCCTCGGCACCCTTT
TTGGGCAATCGGCCGCCAGGTTCGGCGACGCCATCGAGGATAAGGTGTCTGATAGCCGGTTCCGGAACATGGGGCAGGCCTACATCTCACAATTCGAAATAGTCGACAGTACGACGAAATTTC
AAGTAGTCTTAGAGGACACCTTGAACGAGCCCGAGTACTGGGTGGTTGATTTTCAGCAGTACGGCGCTGAAGGTCTCACGGCTGTCGATACCCAAACCGGCAGTATTCACCCTGAGAATACTG
GCGAGTGCTCCAGCGTCATCTTCAGTGCACCCTACCAAGAGGAGAATGTCACGGTTGGCTACTACTTCAGTGACCAGGGCAATTTCGTGAGTAGAAACGTGAGCCTAACTGACAATCAGATAGA
CGGCAGTGGAGCAAACAAACGTCTCTTCACCAGCTACCAACGCGGAAGCAACTTCACGGAACCCGACAGCGATGGAAACGACATCCAAAGACGAAACTATGTCCTGTCGTTTGATGATGATTTT
GGTTACTTCTTCAACTGCACTGACACGAATGGCATGAATATCTGGGAGTTCTCCAATACGACCGATACTATCGAGTTCCGAACGACAATCTACTTCACCAATGTCAGGCCTGTGGACCCCACTGA
CGGCACAAAGGGTATGTCCTGGGTAACGTCCAGTGTGGATCTGTTCTACCGCCTGAATCGAGTAGCCATCGTCAATTTCATTGTCAGCTCCATCGCCTTGGTGAAACCAGTACTGGACTTCGTC
ATCATTGACTTGTATTTCCCGCCGGCAACACCGACTATTCCCGATACCAAGAAAGTTTCCATCGAGATGCAATTCCAGACCACCATTGAGTCGCCAAATGGTGAGTTGTTGGCGTTGTACAACAG
CACCTCGTTTAAATACCTGCCCAAGAATGAAACCGCAGCCAGCTTCATCAACTTCGACTTGGGCTACGACTTTCCGAATGGCACCCAACAGTGCCAATACGTGGGAACCGCAAGATGCCGACA
GATTTGGAATTTCAACTTCGTTCTCGAACTAGACGTGGTGGTCACAGATGACGACATGCCAATTGATGCCACAGGTACTTTCAAGTTTTTGTTCGCCAAGTACCAGTGCAATGATCCCACGGAGA
AGAAACCGATCGATTGTATCGAGATGAACGTGGATCCTCTGACAATTTCCCTCGAGGTTACAATACAGACTGTTGTTCAGGTGGTGGATAGCACCTCAGATACCCCGACTATTCAGCTTGTTTCA
CTCACCGGCAATAACGGGGAAGATCTGCGGAGCGGCGGAGGGAGACGAGGCGTCAATCATTTGGAGCCTGTCAGCATCGTCGTTCAATACTTCCCAGAATTCCTCCGGAGAGACTTTGATCTA
GAGTTGACCCTCTTCATGGTGTGCAAGTCCAACTTGCTTAGCTCGGATGCAGGGTGTCTCAGTGCTCCGCAGGCTCAACGCTACGTCGCCTACTCCAATGCCAACTTTCAGTTCGCCGTCGAAA
CTGATAACAACGGTGACTCCACGACTGTTACCTACGACTCGAGTAGCCTGACGAACGACAACAAAGTGCAGAAGCTCACGACAAACGCGTACGACTCGACCAACGAGGTTTACAACATGGGTT
TCACCAACACAGCGCTGTCGCAGGACCGGTTGACGTACACGATCACCACCGTGTTCCGACTCGTGCAGAAGCCCAGTGCGCGAAGGAGACGAGCCATCGCTGCTCGGACGCAGCTGATACTG
ACGTCTTCCCTCGACGGCGATGTGGAGCGAATGGCCCGGGGCCTAATGGCTTACGGACTGCCAAGAGCACGGACGAGACGAGATATCATGGAAGCCGTTGCAGACCCCCAAGGTCACATATA
CACGCTGACATTCAACGGCTGCCCGGCAAACTCCACGTTCAACGCCGGTACCTATCACTGCCAGTGCGACCGAGAAAGCGAACGCTACAGCACGGAATCGTTCACGTGTCAGGGGCCCAAGT
CCCTCCCGCCTGGATTGGCCCCCGTTGATGTTGTCGAAGATCTCCAGGAACCCGATTCTGGGAGGATGCCTTCGTCCGGCATCAGTACTGCCCCCGACTCCGCCCTGTTCTACGCCGTATTAA
CAGTATGGTTCACTGGATACTTGTGCTTACTG
>ARIS2|Asterias_amurensis|AB602899.1
CTGGATTTCGTCATCATTGACCTGTATTTCCCGACCGCGACACCGACTGTTCCCGATCAGGAGAAAGCTTCCATCGAGTTGCAGTTCCAGACCACCATTGAGTCGACCAATGGTGAGTTACTGT
CCCTGTTGAACAGCACGTCCTTCAAGTACCTGCCCAAGAACAACACAGCCAAGAGCTTCATTAATTTCGACTTGGGCTACAATTTTCCCAACGGTACCCAAGAGTGCCAATACACGGGAACTGC
AAGATGTCGACAAATTTGGAATTTCAACTTTGTTCTCGATCTTGACGTGACGGTCACTGATGACGACATGCCCATTGACGCCACAGGTACGTTTCAGTTCACGTTCGCCAAGTACCAGTGCAACG
ATCCCACGGAAAAGAACCCTGTCGACTGCACACCAATGAATGTGGATCCCCTGACGATCTCCCTGGAGGTCACAATACAGACCGTGGTACAAGTCGTGGATAGCACCAAGGATAGACCGGTCA
TCCAGCTTATCTCTCTCACGGGCGCCAACGGGGAGATCTGCGCCTGGGCGGGGACCGGCGTGGAGTCAACCACTTGGAGGACTGTCAGCATCGTAGTCCAGTACATTCCCGAATTCCTCCGA
CGAGACTTCGATCTCGAGCTGACTCTCTTTATGGTGTGCAAGACTGTCGTACAAGAATCCACTAGTTATAATGAAATCGTGGGTTGTCTGCAAGTATCGCAAGCTCAGCGCTACGTCGCCTATCT
CAGCTCCGACTTCTATTACACTGTCGAGGGAACTGACGCAGCGGGACAACCCACGACCTTCACCTGGGGCCCAAGTGACCTGGCTGGGGACAACAAGGTTCAGACCCTATCCACGAACTCCT
ACGACTCGGTCAATGCGGTGTACAACATGGGTTTCCTGAACACGGCGTTGTCGCAGGAGCGGCTGACCTACACCATCACCACCGTGTTTCGTCTGGTCCAGAAGCAAGTTGGGCGCATGCGG
AGGCGAGGCATCGCCGCTCCGACCCAGGAGATGGTAACCGGTCCTCGCACCGGCGACGGATCCTTCGAACGTCTGCCCTAATCAACTTTTCGATGGTACGTTATGCGCCTACCCATGGTCGT
AACGGGTAACGGAGAATCAGGGTTCGATTCCGGAGAGGGAGCTTGAGAAACGGNTACCACATCCAAGGAAGGCAGCAGGCGCTGCAAATTACCCATCTCCCGACATCGGGGAGGTAGTGACA
A AA
>ARIS2|P.miniata|contigA03253a
ATGCTTGTTCTACCGCGCCTCCCCGTCATTCTCCTGGCCATCCTAGGCGCTCTGGTCCGGTGCTCGACCGCTCGCTTCGGCGAGGAGATCGATGATAAAGTGACCGACACCCGCTTCAAGAAC
ATGGGGCAGGCCTACATCTCGCAATTCGAAATTGACGACAGCAATACCAAATTTCAAGTCGTTTTGGAGGACACACTGAATGAGCCCGAGTACTGGGTGGTCGACTTTCAGAAGTACGGCGTG
GACGGCCTGACAGCGGTCGACCCTAAAACCGGCAACATTCAACCTGAAAACACCGGCGAATGTTCCAGCGTCATCTTCAGTGATGCCACGTACCAGGACAGCGGCAACACTGGATACTATTTC
ACGGACGAGGGAAACTTCGTGACCCGAAATGTCAGCCTACTCACCAACGAGACGACTGGTGTTGGACCGAACAAACGCCTCTTTACCAGCTACGTGCGCGGTAGTAACTTCACCGAGCCCGAT
AGCGACGGCAACGACATACAAAGACGGGACTATACCTTGTCCTTCAATGACGACTTTGGTCACTTCTTCAACTGCACCAACAGCAACGGACTGAACATCTGGCAGTTCTCCAATACGACCGACA
CGATCGAGTTCCAGACCACAATTTACTTCACAAATGTCAGGCCGGTCGACCGCACTGATGGCACGAAGGGCATGTCGTGGGTGACTTCCAGCGTAAAACTGTACTACCGCCTGAGCCGAGTGG
CCATCGTCAATTTTATCGTCAGCTCCATTGCCTTGGTGAAACCTGTACTGGATTTCGTCATCATTGACCTGTACTTCCCGACCGCCACACCGACTGTTCCCGATCAGGAGAAAGCTTCCATCGAG
TTGCAGTTCCAGACCACCATTGAGTCGGCCAATGGTGAGTTACTGTCCCTGTTGAACAGCACGTCCTTCAAGTACCTGCCCAAGAACAACACAGCCAAGAGCTTCATTAATTTCGACTTGGGCT
ACGATTTTCCCAACGGTACCCAACAGTGCCAATACACGGGAACTGCAAGATGTCGACAAATTTGGAATTTCAACTTTGTTCTCGATCTTGACGTGACGGTCACTGACGACGACATGCCCATTGAC
GCCACAGGTACGTTTCAGTTCACGTTCGCCAAGTACCAGTGCAACGATCCCACGGAAAAGAACCCTGTCGACTGCACACCAATGAATGTGGATCCCTTGACAATCTCCCTGGAGGTCACAATAC
AGACCGTGGTACAAGTCGTGGATAGCACCAAAGACAGACCGGTCATCCAGCTTATCTCTCTCACGGGCGCCAACGGGGAGGATCTGCGCCAGGGCGGGGACAGGCGTGGAGTCAACCACTT
GGAGACTGTCAGCATCGTAGTCCAGTACATTCCCGAATTCCTCCGGCGAGACTTCGATCTCGAGCTGACTCTCTTTATGGTGTGCAAGACTGCCGTACCAGAATCCAGTAGTTATAATGAAATC
GTGGGATGTCTGCAAGTGTCGCAAGCTCAGCGCTACGTCGCCTATCTCAGCTCCGACTTCTATTACGCTGTCGAGGGAACTGACGCAGAGGGGCAACCCAAGACCTTCACCTGGGGCCCAAG
TGACCTGGCTGGGGACAACAAGGTTCAGACCCTATCCACGAACTCCTACGACTCGGCCAATGCGGTGTACAACATGGGTTTCCTCAACACGGCGTTGTCGCAGCAGCGGCTGACCTACACCAT
CACCACCGTGTTTCGCCTGGTCCAGAAGCAAGTTGTGGGCAGGCGGAGGCGAGGCATCGCCGCTCCGGCCCAGGAGATGGTAACCGTTGTCCTCGGCGGTGATCGTGCGGACCAGATGGCT
CGGGCACTGGTGCCCTACGGTCTGCCCAGATCCCGGACAAGACGTGATATTATGGACGCTGTTGCCAAGCCGCAAGCACACATCTACTCTGTCCTCTTCAACGGCTGCCCCGAGAACTCCACG
TACAACGAGGACATCTACCACTGCGTGTGCGACAAGCCAAACGAGGACTACGACTCAGAAACCTACACGTGTCTGGCGCCCAAGTCCCTCACCGGAGACATCCCGTTAGTGAATGTCGGTGAC
GTCCAGGAACCAGGCTTGTCCTCTTCCCCTGGAAGTGCCGCCCTCACGTCCACCATGTTTTACGTTGTCATGGCGATGTGGCTCCCAGGATATATGGGC
>ARIS3|Acanthaster-cf-solaris| TRINITY_GG_32225_c25_g1_i2
CGAAGGCTACTCCTTGTTCGCTTAACCTTTACCGTACGCTTAGGCTGGCATTGCCGGGGCCCAATGAGTTTCAACGGTATGTGGATCCTGTGCACCCTGGTACTGTTCGCACAACTCTCCAGAG
CACTAGGCGCTTTTGGTGACGATATTTCGCAAGATAATGAGGACAACAGATTCGCAGTTATGGGCCAGGTAACAAAGGATATATTCGATGTACAGAGTGGAAACGTCACCCTGCAACTCAATGTT
CAAGACACAACAGGCACGATGGAGTTTTGGCTTCTTGACTTCCAAGAATATAGATTTAATCTTGACGCCTTGCCTGTTGATGAGGTCACAGGTAATTTGTTGAAGGACAGAACCTCTGCATGCTC
CAATGTGTACGAAGATGCAGACTGGGATACTTTCTTCAACGACAGTTACATCCAGGACAAAGGGGACAGCAGTCTAACGTCGAAGAATCTTTTTACAACAATTAAAAGGGGAGATATTGACACTG
ATGGCATCATGCGAAATGACAAAATCATCTTCCAAGGAGATATGGCAACATTCGCAAACTGCAAGGACTCCAATGACGAGGAATACGTCTGGGAGATGACTGCTATCACCAGCGACGAAATTGA
ATACAGGACAAAGTTATATGCCACCAACATTAGACCAAAAGATCCCGAGGATCCGACAGGAGGGGTGTCGTTTGTACAGTCACACATTGAATTGATCTGGAGAATATCCAGATCAGTCTTGGCC
AAGTTCTTAATCAGTTCCACTGCCCTGATAAAACCGGTACTGGAGTTTGCTAGAGTGTCGGCTGTTTATGACGAACAGAACAGAGTTGTACCAACCCAGTCAGCACTCCATATCAGGTTTCGGAC
TATTGTCGATGCAAATGATCAGATGGTCAATTATGAGAACAACAGCATTACATATTTACCAGAAAATGTCAACCATGCTCTGAATACGATTGTCTACCAACCAGTGGGCATACTAGATGAGGCACC
AGCTTGTGATTTTGTATTAGATGAAGGAACTCGAACACAGATGCAGTGTCAACAGGCTTGGGAGTTTAAGATGATACTTGATATAGACACATCCACCCAAGTGGACAATCGAGTGCCAATTGATG
CTAGTGGAACATTTGAATTTCTTTACATGGCTTACAGATGTGGCCTGGAGAACAACACTCTGAATGTTTCATCTTGTATTGCAATGAGTGTTGACCCAGCCAAGATCTCGGCATTGATCACTATTC
AGACAACAGTCTTTGTACAAGATGAAGAAGAAGACCAAGTGATAATCATACTCCATTCACTGACAGGTGCAAGCAATGAAGACCTCAGCTATGGCACGGGATCCAGGGGAGTAGCTCACAAAGA
GTATGTTGACCTGCGAGTTAAATTCTCCCCTGCTTTCCTCCGCAAAGACTATGACCTCTTTCTGCTACTCTTCATGGTATGCAAAGGGCAGGAATATGCCAGTGACCAGTATTTACAGGGTTGTC
TGCAAGCACCTTCTGAAGACCGCTACGTTGCACACTATGATGCTACTTTCAACTTCATTCCTCGCATCACAGACGATAATGGAACAGTGGTGATTCTGAACGCTTACAATACTACTCATGTGGAA
AATGATGTTCAACAACCTCTCCACATTCAAGAATATTTACGTGAAGAGTCAGGAGAGACTTTGGCAATTCCTGTACACCGTTCTACCTTCTACAACCTGGCGCTGTCAGCTGAGTCCGATGTCTA
CACGATTACTGTGGTCTACCGACTCATCGATACTCAAGGAAGAAAACGACGAGCAGCCTTGCCACACATGCAAGATATCATCTTGGCAAAAAGTGTGGTAGGCAGAGCGGGAGTAGGCAGAAC
AACGGGTACAATCATCACTCGCCATGCCCGCGATGTTGAAGACAGTGTACAGGCTTCTCACTCTAACAGAATCCCATTCTTGTCTCTTGGATGTCCTGAGGAAGCGACACATGTACAGGAAGAG
TTGGACTGCAAGTGCCCAGCAGGAATGGTGTACAGCTTAAACTCCTTCAACTGTGAGGCATTGTCGCTCAATGAAGATGTCAAGGAAGTGAAAGAAGATGATCAGGTCAATGACCTTAAAGAAA
CAGCACATGCTCAATGCATTGCCTGCCCTATTTCACTCATTTTGCTGGCAAATTCATTGCTATTCCTGTTGTTGAAAGATTAT
>ARIS3|Asterias amurensis|AB602894.1
GGGGATTTCTGTTTAGGGCGTAGCTCGATTGAGGAGTTTTCTTTCGTTGTATTCTTTCGTAGTTTTTTTGATAGTGTAAAATTATTATCAGTCGGTCTGAAGCAATTTTTTGCAAAGTGTACGGGAG
ATGTTTTTCTACGGTGGTATGGCTAGGCTGTTCTTTGGGCTCGTGTTGGTGGTGCTGCTCGTCAGAATGAGTAGAGCGGGCTTCGGTGACGACATTTCACAAGACAACGAAGATAACAGATTCG
CAAATATGGGGCAAGTCACAAAGGATTCGTTTGATGTCGAAAGCGGCGTGGTAACCCTGCAGCTCAATGTGCAAGACACTGAAGGGATCAAAGAAATCTGGATTCTGGACTTCCAACCTTACAG
ATTCAATATAGATGCAATGCCTGTCAATGAGCTGGACGGACAACTAATGATGGACCAGACGAGTGAATGTTCAAGTGTGTACGAGACAGCATCTTGGAATGACTACTTCAATGACACGTACTTCA
CTGATAAGGATTCAACAGGACTAGCCTCAAAGAAACTCTTCACTCAGTTCACTCGAGGATCACTAAATGGAGATGGTTTTCGAGACAACAAGATCACCTTCACTGGGGATATGGGGTTATTCTTT
ACCTGCAAAGACTCTATCAATGAAGATTTCATCTGGCAAATGACGGACATTACCGACGACGAAATCGAGTATCGCACCAAACTGTACACCACCAATGTCAGACCAAAAGACCCACTTGTATCTAC
TGGAGGGATATCTTTTGTGCAGTCGCACATTGAGTTGATTTGGAGACTGTCTCGCTCCGTCCTGACAAAGTTCCTCATCAGTTCCACTGCTCTTATCAGACCCATCCTTGAGTTTGCACGAGTGA
CTGCCGTCTACGATGCCCTGGATAGAGCTGTCCCAACACAATCTGCATTACACATAAGGTTCCGTACTGTGGTCGACTCTGATACCCAGATGTTATCTTATAACACGGACAGTCTGGTCTACGAC
CCCGATAATACAAACCATGGCATCAATGCGATTGACTATCAACCAGACGGTACTCTGGATGCTGCACCAGACTGTGAGTTTAAACTTGATGAAGGAACTCAAACCCAGCTACAGTGCCAACAGA
CCTGGGAGTTCAAACTGGTTCTTGATGTGGATACATCAGGTCAAGTTGATAACAGAATACCCGTTGATGCCAGTGGAACATTTGAGTTTTACTTCACTCTCTATGGATGTGAAAAGACCAACAAT
GAGTTTGATAAAGCCACTTGTCAACAAGTGGGAACGGATCCAGCCAAGATCTCTGCTCTGATTACAATCCAAACGACAGTGTTTATTCAAGATATGGAAGACGACCAAGTGACCATCATCCTACA
GTCACTTACTGGTGCTGAAAATGAAGACCCGAGTTACGGGACCGGTTCCAGAGGTGTGGCTCACAAAGAGACCGTTGACCTCAAGGTCAAGTTCTCACCAGCCTTGCTGAGGAAGGACTATGA
TCTAGATCTACTTTTGTTCATGGTGTGCAAGGGAGAAGAGTACGCCAGCGATACTTATGCCCAGGGCTGTTTAGAGGCACCCTCGTCAGATCGTTACGTCGCCCACCGAGATGGTTCATTTAGT
TTCATACCACGGGTAAGCAATGAAAATGGCACAACACTCCTTGATGAATACAACTCCAGCCATGTGGCAGAGGACACGTATCAACCATTAGAGAGTCAAGAATACTTGCGTGAAGATGAATCTG
GACAGGCGCTGGCAGTTCCTGTGCATCAGTCAAAATTTGTGAACGTCGCCCTCTCTGGAGAATCGGCCGTCTATACCATCACTACAGTCTACCGACTCGTAGAGCGGCTGCAGGTACCACTCC
GTAAGCGAAGGGCAACCCTACCAAAGATGCACGACGTCATACTATCCAAGAGCGTATGGGGACGGACAAGAACAGGAAAATCCACCGGCACAATCATCGAGCGACACAGCCGGGATGTTGAA
GACAGCGCGAGAGACACCCACGGTCACGCCGTTCCGTTCACGACCATGGGATGTCCGGAGGATTCGGAGCACATCCAGGAGGAATTGGACTGCAGATGTCCGGTTGGCAAAGAGTACAGCTT
GAAGACATTCGAGTGTCTGGAGCCAGGAGCCGAGGTGGATGTAGAGGAGGAGACTAATGAGGTCCAGGAGGAGACCAACGACGACGAAGACGACCTCAAGAAACCAGGCTCTAAGACAGGA
ATGGCTCCTGCCACTAGCTGCACCTTGTGGCTCATAGTGACAGCTAACGCCATCATTGTCCTTATGAGAATGCATTGATAAGAGAACCTATTAAATTATAGACACTTACACNGAGAGTCAAACGG
GCACTCCAGAGTTGCGCCAAACCAAATAGATTTAGAGCGGCTCGGGTTCGTCCCC
>ARIS3|P.miniatajcontigA03253a
ATGCCCAACATTTACCGTGCGTGTGGGCTTGGTTCCCCGGGCCAAACGATGAAATTCGCCGGTATGTGGTTCCTTTGCGCCTTTGTGCTGCTGGAAAGACTCTCCGGAACACTGGCCGCTTTT
GGAGATGATATTTCGCAGGATAACGAAGACAACAGATTCGCAGTCATGGGCCAAGTAACCAAGGATACCTTCGATGTACAAAGTGGAAACGTCACCCTACAGCTGAATGTGCAAGACACGGTAG
GCACCATGGATTTCTGGCTTCTTGACTTCCAAGAATACAGATTTAATCTGGATGCTTTGCCTGTGGATGAATCCTCTGGAATGTTGATGAAGGATAGAACTTCTGCTTGCTCCAATGTCTACGAAG
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ATGCTAACTGGACTACCTTCTTCAACGACAGTTACATCCAGAACGCAGGAAGGGGCTCTTTGGCAACAAAAAGTCTCTTTACACAAATTCAGAGGGGAGAAGAGGACAGTGATGGCATCATGCG
AAACAACAAACTCATCTTCCAAGGTGACATGGCGACTTTCGCCAACTGCAAGGATTCCAGTGACGAGGAATTCATCTGGGAGATGACAGCTGTTACTACTGATGAGATTGAATACCGAACCAAG
TTGTATGCAACCAACATCAGACCAAAAGACCCTCAAGACCCAACGGGAGGCATCTCATTTGTGCAGTCACACATTGAGTTGATTTGGAGAATCTCCCGATCAGTCATGGCCAAGTTCTTGATCAG
TTCCACTGCTCTGATCAGACCCATCTTGGAGTTTGCTCGAGTCTCGGCTGTTTATGATGATCAGGATAGAGCTGTACCCACCCAGTCAGCACTCCATATCAGGTTTCGAACAGTGGTTGATGAAG
ATGATCAAATGGTCAGTTATGAAAACAACAGCATAACATACATCCCAGAAAACGTCAACCATGGCCTGAACACAGTCCTCTACCAACCAGAAGGGACACTAGATGCATCACCGCCATGTAATTTC
GTACTAGATGAAGGAACTCAAACACAAAGACAATGTCAACAGACTTGGGAATTCAAAATGATACTGGATATCGATGCATCAACCCAAGTTGACAATCGGGTACCCATCGATGCTAGTGGAACATT
TGAATTTCTCTACATGCCCTACAGGTGTGGCCTTGTGAACCTGACAACCCTGAACCTGACAACTTGTGTGGCAATGAGTGTGGACCCAGCTAAGATCTCAGCATTAATCACCATCCAGACTACAG
TGTTTGTACAAGATGAAGAAGATGATCAAGTCACCATTATACTCCACTCACTGACTGGCGCAAGCAACGAGGATCTCAGCTATGGTACAGGATCCAGAGGTGTAGCTCACAAGGAGTATGTTGA
ACTGAGAGTTAAATTCTCTCCTGCCCTGCTGCGAAAAGATTATGACCTATATCTGCTACTCTTCATGGTGTGTAAAGGGGAGGAATATGCCAGTGGAGAATTTTTACAGGGATGCCTACAAGCCC
CTTCTACAGATCGCTACATTGCACACCTGGATGCAAGCTTCAACTACATCCCTCGCATCACTGATGAGAATGGAACAGTGGTTCTCCTGGATCCCTACAATACTAGTCATGTGCAAAATGACTAT
GTGCAAAACTTGGATCAACAGGAGTACTTGCGTACAGAATCTGGAGAGACTCTTGCAATTCCTGTGCATCGATCCACCTTCTACAACGTTGCACTCTCCGCCGAATCTGACATCTACACCATCAC
GGTAGTCTTCCGACTCGTCGAAGCTCCAGGAAGAAAACGAAGAGCAGCCTTGCCACACATGCAAGACATCGTCCTAGCTAAAAGTGTGGTTGGCCATGCAGGAATAGGCAGAACAACAGGTAC
GATCATCACCCGTCATTCCCGTGATGTTGAAGATAGCGTACAAGACACTCACGCCAATAAAATCCCCTTCTTGTCTTTGGGATGTCCGGAGGAAGCCACACATGTACTTGAGGAACTAGATTGCA
AGTGCCCAGCAGGAATGATGTATGACTTGAATTCCTTCAACTGTGAGGCAGCATCCATTCTTGAAGATGTCAAAGAAGTGAAAAATGATGATCAAGTCAGTGACACCAAAGAAACAGCCAGTGCT
GAACACAGTGCTTGCTCCGTGTTGCTCATTGTGCTTGCAAATTCACTGATTTTCCTCTTGTTGAAAAAT

>ARIS3|Patiria_pectinifera| AB602900.1
GAATTCCTCGAGCACTGTTGGCCTACTGGGTTCATTGCAGATCCAATTTAGTTCGGGCGTGGTTAGCAGTACAGTTATATCGAGTCCGTATACATGCCCAACATTTACCGTGCGCGTGAGCTTG
GTTCCCCGGGCCAAACGATGAAATTCGCCGGTATGTGGTTCCTTTGCGCCTTGGTGCTGCTGGAAAGACTCTCCGGAACACTGGCCGCTTTTGGAGATGATATTTCGCAGGATAACGAAGACA
ACAGATTCGCAGTCATGGGCCAAGTAACCAAGGATACCTTCGATGTACAAAGTGGAAACGTCACCCTACAGCTGAATGTGCAAGACACGGTAGGCACCATGGATTTCTGGCTTCTTGACTTCCA
AGAATACAGATTTAATCTGGATGCTTTGCCTGTGGATGAATCCACTGGAATGTTGATGAAGGATAGAACTTCTGCTTGCTCCAATGTCTACGAAGATGCTAACTGGACTACCTTCTTCAACGACA
GTTACATCCAGAACGCAGGAAGGGGCTCTTTGGCAACAAAAAGTCTCTTTACACAAATTCAGAGGGGAGAAGTGAACAGTGATGGCATCATGCGAAACAACAAACTCGTCTTCCAAGGTGACAT
GGCGACTTTCACCAACTGCAAGGATTCCAGTGACGAGGAATTCATCTGGGAGATGACAGCTGTCACTACTGATGAGATTGAATACCGAACCAAGTTATATGCAACCAACATCAGACCAAAAGAC
CCTCAAGACCCATTGGGAGGCATCTCATTTGTGCAGTCGCACATTGAGTTGATTTGGAGAATCTCCCGATCAGTCATGGCCAAGTTCTTGATCAGTTCCACTGCTCTGATCAGACCCATCTTGGA
GTTTGCTCGAGTCTCGGCTGTTTATGATGATCAGGGTAGAGCTGTACCCACCCAGTCAGCACTCCATATCAGGTTTCGAACAGTGGTTGATGAAGATGATCAAATGGTCAGTTATGAAAACAACA
GCATAACATACATCCCAGAAAACGTCAACCATGGCCTGAATACAGTCCTCTACCAACCAGTAGGGACACTAGATGCATCACCGCCATGGTATTTCGTACTAGATGAAGGAACTCAAACACAAAGA
CAATGTCAACAGACTTGGGAATTCAAAATGATACTGGATATCGATGCATCAACCCAAGTTGACAATCGAGTACCCATCGATGCTAGTGGAACATTTGAATTTCTCTACATGCCCTACAGGTGTGG
CCTTGTGAACCTGACAACCCTGAACCTGACAACTTGTGTGGCAATGAGTGTGGGCCCAGCCAAGATCTCAGCATTAATCACCATCCAGGCTACAGTGTTTGTACAAGATGAAGAAGATGATCAA
GTCACCATTATACTCCATTCACTGACTGGCGCAAGCAACGAGGATCTCAGCTATGGTACAGGATCCAGAGGTGTAGCTCACAAGGAGTATGTTGAACTGAGAGTTAAATTCTCTCCTGCCCTGC
TGCGAAAAGATTATGACCTATATCTGCTACTCTTCATGGTGTGTAAAGGGGAGGAATATGCCAGTGGAGAATTTTTACAGGGATGTCTACAAGCCCCTTCTACAGATCGCTACATTGCACACCTG
GATGCAAGCTTTAACTACATCCCTCGCATCACTGATGAGAATGGAACAGTGGTTCTCCTGGATCCCTACAATACTAGTCATGTGCAAAATGACTATGTGCAAAACTTAGATCAACAGGAGTACTT
GCGTACAGAATCTGGAGAGACTCTTGCAATTCCTGTGCATCGATCCACCTTCTACAACGTTGCACTCTCCGCCGAATCTGACATCTACACCATCACGGTAGTCTTCCGACTCGTCGAAGCTCCA
GGAAGAAAACGAAGAGCAGCCTTGCCACACATGCAAGACATCGTCCTAGCTAAAAGTGTGGTTGGCCATGCAGGAATAGGCAGAACAACTGGTACGATCATCACCCGTCATTCCCGTGATGTT
GAAGATAGCGTACAAGACACTCACGCCAATAAAATCCCCTTCTTGTCTTTGGGATGTCCGGAGGAAGCCACACATGTACTTGAGGAACTAGATTGCAAGTGCCCAGCAGGAATGATGTATGACT
TGAATTCCTTCAACTGTGAGGCAGCATCAATTCTTGAAGATGTCAAAGAAGTGAAAAATGATGATCAAGTCAGTGACCCCAAAGAAACAGCCAGTGCTGAACACAGTGCTTGCTCTGTGTTGCTC
ATTGTGCTTGCAAATTCACTGATTTTCCTCTTGTTGAAAAATTAATGATTTGAATTATGGAAAAATGACGGAAAGAAATTTGAAAATGTTCACTGTGACAGACCTAATTCATCCCACAGAATTACCT
GAATCAGAAAACCTTTACTAAATTGCATGACGAGAATATTGAAACCAGCTAACAATTATTCAAGCAGTAAATACAAGGAATCACACAAACGTTTGAGAGGTTTAATACAATACTTGTTTGGCAATCA
CAGATTGTGGAATTAAATTTCTTGCCCACTTTTCATTAACTGCGACCACATTTACTTATTAACAATACACTCAGTTAGGATCAAAGTTGTTCCAAAGTAAATCTACAGTTATGAGTAACCATTTTCAA
GACTGGTCTATAAACTATAACAAATTATGGAGATCCATACGACTAGGTCATCAATGGCTTTCGGATCTCGGTCAAATCTTTAAAATGTCTTTCATGTTGCCGTCATAAGATGACTAAAGTGATATTG
CAGTATACATAGTTGAAGTATTGAATGAATTTTATCCTGAATTTTCATCCATTTTCAGCTATAATGGTGAAGTATATTCTTAGTAAAAAGCTTTACTTTCATTATTCCAAGCAATTAACTTTCCAAAGA
TTTTAACAAATTGAATTTATTCCTAAATATAGCTTTATGCAAATTAATCTGTTTACTGATCATTTAACAGTTTGTGTGTTCCTTAAAAGTGTATATAAATCATTAATAATCGGAGTTAAATGTCCAAGG
TTTGGTCAAAAAATTAAATGAAAAAAAAAATGCTTTAGTTATTCGTATTCATAATTAAATTCCATTAATTTTGTATTTGTGAACTCAATGTTTTTGGTGATTGTCTACATGCACTGTTACATCAAGTAA
ACTAGCAAAGTTTTAACTACATTTGCACTTTCTCAAATCACTCAGTTCGACCTCATTTAAAATTTGGATGTATTGGAAGAGATATATATTAAATTTACCAAGCATTGCCTTAAAAAAAAAAAAAAAAA
AA

>Asterosap|Asterias amurensis|DQ985961.1
GGTCAAACACAATTTGGTGTATGCATCGCTCGAGTTAGACAACAACATCAAGGTCAAGACGAAACATCCATCTTCCAAGCCATCTTGAGCCAATGTCAAAGCAAACGAGAAATCACCAAAGAACC
TCCCAGTGAAGATGATGAAACCAAGAGA

>Asterosap|Asterias amurensis|DQ985965.1
GGTGATAAAGAGATGGGTGTATGTATCGCTCGAGTAAGACAACAACATCAAGGTCAAGACGAAGCCTCCATCTTCCAAGCCATCTTGAGCCAATGTCAGAGCAAACGAGAGATGTCCCTTCCTT
TAAGTGAAACACAGCAAAACCAAGAGGACGAAGACATCAAGAGA

>Asterosap|Asterias amurensis|DQ985967.1
GGTGCTTCAGAGATGGGTTTATGTATCGCTCGAGTAAGACAAAAACATCAAGGTCAAGACGAAGCCTCCATCTTCCAAGCGATCTTGAGTCAATGTCAGAGCAAACGAGAAATCACCAAAGATC
CTCCCAGTGAAGATGATGAAACCAAAAGA

>Asterosap|Asterias amurensis|DQ985964.1
GGTCAAACACAATTTGGTGTATGCATCGCTCGAGTAAGACAACAACATCAAGGTCAAGACGAAGCCTCCATCTTTCAAGCCATATTGAGACAATGTCAGAGCAAACGAGAAATCACCAAAGATCC
TCCCAGTGAAGATGATGAAACCAAAAGA

>Asterosap|Asterias amurensis|DQ985963.1
GGGAATAAAGAGATGGGTTTATGCATCGCTCGAGTAAGACAACAAAATCAAGGTCAAGACGAAGCCTCCATCTTCCAAGCCATCTTGAGTCAATGTCAAAGCAAACGAGAGATCGTCCAATATC
CTTCCAGTGAAGATGATGAAACCAAGAGA

>Asterosap|Asterias amurensis|DQ985962.1
GGGAATAAAGAGATGGGTTTATGCATCGCTCGAGTAAGACAACAAAATCAAGGTCAAAACGGAGCCTCCATCTTCCAAGCCATCTTGAGTCAATGTCAAAGCAAACGAGAAATCACCAAAGATC
CTCCCAGTGAAGATGATGAAACCAAGAGA

>Asterosap|Asterias forbesii|DQ985968.1
GGTGCTTCAGAGATGGGTTTATGTATCGCTCGAGTAAGACAAAAACATCAAGGTCAAGACGAAGCCTCCATCTTCCAAGCGATCTTGAGTCAATGTCAGAGCAAACGAGAAATCACCAAAGATC
CTCCCAGTGAAGATGATGAAACTAAAAGA

>Asterosap|Asterias rubens|DQ985976.1
GGTCAAACACAATTTGGTGTATGCATCGCTCGAGTAAGACAACAACATCAAGGTCAAGACGAAGCCTCCATCTTTCAAGCCATCTTGAGACAATGTCAGAGCAAACGAGAAATCAGCAAAGATC
CTCCCAGTAAAGATGATGAAACCAAGAGG

>Asterosap|Asterias forbesii|DQ985970.1
GGTCAAACACAATTTGGTGTATGCATCGCTCGAGTAAGAAAACAACATCAAGGTCAAGACGAAGCCTTCATCTTCCAAGCCATCTTGAGTCAATGTCAGAGCAAACGAGAAATCACCAAAGATCC
TCCCAGTGAAGATGATGAAACTAAAAGA

>Asterosap|Asterias forbesii|DQ985972.1
GGTGATAAAGAGATGGGTGTATGTATCGCTCGAGTAAGACAACAACACCAAGGTCAAGACGAAGCCTCCATCTTCCTAGCCATCTTGAGCCAATGTCAGAGCAAACGAGAGATCACCAAAGATC
CTCCCAGTAAAGATGATGAAACCAAGAGA

>Asterosap|Asterias rubens|DQ985979.1
GGTGATAAAGAGATGGGTTTATGTATCGCTCGAGTAAGACAACAAAACCAAGGTCAAGACGAAGCATCCATCTTCCAAGCCATATTGAGTCAATGTCGGAGCAAACGAGAAATCACCAAAGATC
CTCCCAGTGAAGATGATGAAACTAAAAGA

>Asterosap|Asterias forbesii|DQ985971.1
GGTGATAAAGAGATGGGTTTATGCATCGCTCGAGTAAGACAACAACATCAAGGTCAAGACGAAGCCTCGATCTTCCAAGCCATCTTGAATCAATGTCAGAGCAAACGAGAGACCACCAAAGATC
CTCCCAGTAAAGATGATGAAACCAAGAGG

>Asterosap|Asterias rubens|DQ985975.1
GGGGATAAAGAGATGGGTTTATGCATCGCTCGAGTAAGACAACAACATCAAAGTCAAGACGAAGCATCCATCTTCCAAGCCATCTTGAGTCAATGTCAGAGCAAACGAGAATTCTCAAAAGATC
CTCCCAGTGAAGATGATGAAACAAAGAGA

>Asterosap|Asterias rubens|DQ985981.1
GGGGATAAAGAGATGGGTTTATGCATCGCTCGAGTAAGACAACAAAATCAAGGTCAAGACGAAGCCTTCATCTACCAAGCCATCTTAAATCAATGTCAAAGCAAACGAGAAATTACCAAAGATCT
TCCCAGTGAAGATGGTGAAACCAAACGA

>Asterosap|Asterias forbesii|DQ985973.1
GGTGATAAAGAGATGGGTTTATGTATCGCTCGAGTAAGACAACAAAACCAAGGTCAAGACGAAGCATCCATCTTTCAAGCCATCCTAAGTCAATGTCAGAGCAAACGAGAAATCAGCAAAGATC
CTCCCAGTGAAGATGATGAAACCAAGAGG

>Asterosap|Asterias forbesii|DQ985969.1
GGTGATAAAGAGATGGGTTTATGCATCGCTCGAGTCGGACAACAAAACCAAGGTCAAGACGAAGCCTCCATCTTTCAAGCCATCTTGAGACAATGTCAGAGCAAACGAGAAATCACCAAAGATC
CTCCCAGTGAAGATGATGAAACTAAAAGA

>Asterosap|Asterias rubens|DQ985977.1
GGTGATAAAGAGGTGGGTTTATGTATCGCTCGAGTAAGACAACAAAACCAAGGTCAAGACGAAGCATCCATCTTCCAAGCCATATTGAGTCAATGTCGGAGCAAACGAGAAATCACCAAAGATC
CTCCCAGTGAAGATGATGAAACTAAAAGA

>Asterosap|Asterias amurensis|DQ985966.1
GGTCAAACACAATTTGGTGTATGCATCGCTCGAGTAAGACAACAACTTCAAGGTCAAGACGAAACATCCATTTTCCAAGCCATCTTGAGTCAATGTCAAAGCAAACGAGAAATCACCAAGTCCTC
CCAGGGAGATGATGAACCAGAGAAGAGG

>Asterosap|Asterias forbesii|DQ985974.1
GGTCAAACACAATTTGGTGTATGTATCGCTCGAGTAAGACAACAACATCAAGGTCAAGACGAAGCCTCCATCTTCCAAGCCATCTTGAGTCAATGTCAGAGCAAACGAGAAATCACCAAAGATGA
TGAAACCAAGAGG

>Asterosap|Asterias rubens|DQ985978.1
GGTCAAACACAATTTGGTGTATGCATCGCTCGAGTAAGACAACAACATCAAGGTCAAGACGAAGCCTCCATCTACCAAGCCATTTTGAGTCAATGTCAGAGCAAACGAGAGATCACTAAAGATGA
TGAAGTCAAGAGA

>Asterosap|Asterias rubens|DQ985980.1
GGTCAAACACAATTTGGTATATGCATCGCTCGAGTAAGACAACAACATCAAGGTCAAGACGAAGCCTCCATCTACCAAGCCATTTTGAGTCAATGTCAGAGCAAACGAGAGATCACTAAAGATGA
TGAAGTCAAGAGA

>Asterosap|A.amurensis|Nakachi.et.al
AGGCACGAGGTCACCTCGCAGAGTGCTGCAAGTAACCGACGTGTCTCACCATACCGCTGCACACAAACCGCATCGCGTTCTCGGCATCATGGCCCCGCCCTTGGTGATGGAGGTTTTCGGGC
TACTTCTAGTAGTGGCCGCATTGGTGAGGACAGCTCCTGTACATGAGAATAGTGGTATTGGTGACCAATCCTCATGCACTGAGCGAAGGGTTCAATATTGGTCCGAGCGCTCGAGGGATGCCG
TCCAACGCATCAAAGATACCCGGTTCGATCTCGATACAAAGATTGAAGTTCTGGGGAACTTGGCAACCACGAAAGATCTGGAGGATTATGAAGAAATGCTGGTTGAATCTTCACTAGACTCCTTG
AATGAAATCTTCCAATATGGAGCATTGATCTTCGGTTGCCCACCGGAGAAGAGGACCATTATACCGTACCTAAAAAAGGAGTCATTGTGGATCGAATCCGACAAGAGATGTTGGTCATAATGGAA
CATCTGAGAGACATTCTAAGAGAAGGAATACCCGAGCAACAGCAGGATCAACCCCGGCAGGATCAACCCCGGCAGGATCAACCCCAGCAGGGTCAACCCCAGCAGGGTCAACCCCAGCAGG
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GTCAACCCAAGCTGGACCAACCCCAGCAGGACCAACCCCAGCAGGGTCAACCCCAGCAGGGTCAACCCAAGCTGGATCAACCCAAGCTGGACCAACCCCAGCAGGACCAACCCCAGCAGGA
CCAACCCCAGCAGGACCAACCCCAGCAGGGTCAACCCCAGCAGGGTCAACCCCAGCAGGGTCAACCCCAGGCCGAACAACCTGAGAAAAACAACCAGGACGACGATGAAGCCACGAGAGGT
CAAACACAATTTGGTGTATGCATCGCTCGAGTTAGACAACAACATCAAGGTCAAGACGAAACATCCATCTTCCAAGCCATCTTGAGCCAATGTCAAAGCAAACGAGAAATCACCAAAGAACCTCC
CAGTGAAGATGATGAAACCAAGAGAGGGAATAAAGAGATGGGTCTATGCATCGCTCGAGTAAGACAACAAAATCAAGGTCAAGACGaAGCCTCCATCTTCCAAGCCATTTTGAGTCAATGTCAA
AGCAAACGAGAAATCACCAAAGAACCTCCCAGTGAAGATGATGAAACCAAGAGAGGGAATAAAGAGATGGGTTTATGCATCGCTCGAGTAAGACAACAAAATCAAGGTCAAAACGGAGCCTCCA
TCTTCCAAGCCATCTTGAGTCAATGTCAAAGCAAACGAGAAATCACCAAAGATCCTCCCAGTGAAGATGATGAAACCAAGAGAGGGAATAAAGAGATGGGTTTATGCATCGCTCGAGTAAGACA
ACAAAATCAAGGTCAAGACGAAGCCTCCATCTTCCAAGCCATCTTGAGTCAATGTCAAAGCAAACGAGAGATCGTCCAATATCCTTCCAGTGAAGATGATGAAACCAAGAGAGGTGATAAAGAG
ATGGGTGTATGTATCGCTCGAGTAAGACAACAACATCAAGGTCAAGACGAAGCCTCCATATTTCAAGCCATCTTGAGTCAATGTCAGAGCAAACGAGAAATCACCCAAAGTCCTCCCAGTGAAG
ATGATGAAACCAAAAGAGGTCAAACACAATTTGGTGTATGCATCGCTCGAGTAAGACAACAACATCAAGGTCAAGACGAAGCCTCCATCTTTCAAGCCATATTGAGACAATGTCAGAGCAAACGA
GAAATCACCAAAGATCCTCCCAGTGAAGATGATGAAACCAAAAGAGGTCAAACACAATTTGGTGTATGCATCGCTCGAGTAAGACAACAACATCAAGGTCAAGACGAAGCCTCCATCTTTCAAGC
CATCTTGAGACAATGTCAGAGCAAACGAGAAATCAGCAAAGACCCTCCCAGTGAAGATGATGATGAAACCAAGAGAGGTGATAAAGAGATGGGTGTATGTATCGCTCGAGTAAGACAACAACAT
CAAGGTCAAGACGAAGCCTCCATCTTCCAAGCCATCTTGAGCCAATGTCAGAGCAAACGAGAGATGTCCCTTCCTTTAAGTGAAACACAGCAAAACCAAGAGGACGaAGACATCAAGAGAGGTG
CTTCAGAGATGGGTTTATGTATCGCTCGAGTAAGACAAAAACATCAAGGTCAAGACGAAGCCTCCATCTTCCAAGCGATCTTGAGTCAATGTCAGAGCAAACGAGAAATCACCAAAGATCCTCCC
AGTGAAGATGATGAAACCAAAAGAGGTCAAACACAATTTGGTGTATGTATCGCTCGAGTAAGACAACAACATCAAGGTCAAGACGAAGCATCCATCGTCCAAGCCATCCAGAATCAATGTCAGG
GCAAACGAGAGGTTCTGTTCGAACCTTTTATGTAAAGAGATACACATTGAACTGACTTGAAAACTTCAAATGAACTGCAATAGTTATGATTATGATGACTGTAATAACGTCCATCAGTCACGAAAC
ACGATATACCAAATGCACATGAAGTGCGTTTCCGTTATTTCCTAATAAGTTTACCTCTAAGATGGCGAGTTGATGACGTCCGTCAAAAGTCTAAACGGAATGGTACTTTGCCACAGTTATGTTACC
AGTTTTTTCCAATTGTCGGATTTAAAAAAACTACCTGACCTGACACCACTCCAAATGTGTTTCAATAATATGTGAATGCACATGCAGGAATATACTGAAAATAAATTNAGGTAGTTCATTAGGCCTA
TAGAGTGATGTTCAAATATCATTGAATCATCCTCAACATTTTCCACTCAAAAGGGGTCAGAAAAGATTTTTGNATCAACTGAGATTCAGTATTTTAGCATGTTGGAGGTGTCAGTTATGCTAGTTAA
ACAGTTACCACCATTTGAAAAACTGTTTTAAACATGGCGGTAGCAAGTTTTATTGTGTTTCAAGTGAACTGGTATTAACTATATTAATTTATCAAAACAAAATTTATTCAGAGTTTGAAGAAACAAAA
AAACTGGATTCGGCTTATTAATATTATGTATAAAGTTATAGCCTATTTATGAACAAATTATATAGTGAGATAGCCAATAACTATGGTTGTGTTAAGCAAACAAAAATATAAATTTTGAGTAGGGCCTA
GTTTGTTCCATCCAAATCTGCATACTAAACCCAAATTCAATTTACCTGTGTGCTTATCGGTTGACTTATCCATACGATTACACAAAACCACCCCCATTCTATTACATGAGGCCCAAAGGGTATAACA
AATGTTTAAAATTACCCCAGTTATTCGTTGATGATGAAATCATTTTAACTTTATCCAGATAATTATGAAACATTTGAAGGGGACTATCGAACCATACCTTAAAAAAAACGCTTGTCCCCGTGATGAA
GTATCTGTTTTTTTGACAATAAATGCGTTGTGAACGCGGCTTATTTTTGTGCAGCAAAAAAAAAAAAAAAAAA

>EBR1|Acanthaster-cf-solaris| TRINITY_GG_22397_c47_g3_i2
ATTCGGGAAACCTTGTACAATTTTCACTCGGTGCGTAAACGTGGCCTGCCATTCGAGTATTTGGGTGGTGTTCAAACGGTCAGTGCTGGTTTCTCTCCGTTCGCGACACCGAACATGACGCCGA
AGATGCTCGGCCTAGCTGCCCTGGTGGCAGCTCTGTTTTACCTAGCCTGTTCAACTTCTGCAAAACCGCTTACACAGGGTCTAGAGCTGAGCTCTGCTGATCGGCTTCATTACTTTGGCCAAAC
GGAAGCACGAGATTATGAACTGGTCTCGCCGCGAGTCGCTCAGAGGAGGCGGCGAGCGACGCGGGGTAAGCACATCGAGACCACTAAGATTGTGGCCTTCCAAGCCTTCGGCGAAGATGTTT
TGGCCGACCTGAAGCCCGTCCAAGGCCTGATCGACGCAGGGACCCTGGTCCATGAGATCGGCGAGGACGGCAAGACGGTCCTCGGTCAACCCGAGGAATACTGCTTGTACCAGGGGACGTC
TGTGAGTCACGAGAACTCGGCCGTGTATGGCAGCGATTGCGGTAACAAGCTTGAAGCAACTGTCACTACGGACAAGGTTTCACTCCACCTCCAGCCGTTGAAGCCCGAACATGTGGAGAAAGA
CGGACCCACTCACATGGTGGTCCGAAGGAGCATCAACAGGGAAGCCTGCAACATGAATGCCGAAAGAAATTTTGACACTCTGCAGACGAGGCGAAAGAGGTCAACAACCGATCCTATCTACGT
GGACACCTCAGTTGTGGCTGACGACTTGGTGTACAAAACCTATCGCAACAACACCAAAAACTACATCCTGACTGTTTTGAATCAGGTTGCTGGACTGTTGAAGGACCCGAGTTTAGACGTCAAA
GTCAACTTGAAAATCAACAATATCAAGATTCTCAAGACACCACAGGCTGACCTGCCTCTTTCAGAGGAACTTGAGAATTCCCTGCGGAACTTTTGTGATTGGCAGAAGAGAAGCGATTCTGATAT
TTCGATTCTTATCACAAGGCATGACCTGGTCTCTGCTGGCAATCGCAAGATCACTGGCAAAGCCGCTGATGTTGGAGGAGCATGCGACCCAAACAGACGCTGCCTTATTGGCCAAGATCACGG
ACCCAGTGGACTGATCTTCACCCTCGCGCATGAGATTGGGCACAGCCTTGGCATGTACCATGATGGAGGACTGAGTGACTGCGCTAACAGGAAGAACATCATGGCGTCTGTCAACTCTGGTGG
GCCTGACGCCTTCCACTGGTCTGAATGCAGCAATAGCGACCTCCTCAACTTCTTGGCTCATCCGGAGTCCAAGTGCTTGAAGGACAAGCCAAAGTCTCTGCCCGAATATACTGATTCCTCCATC
CCCATGCCTGGCTTTTACTACAATGCCAGCCAGCAGTGCGCCTTGACCTTCAACGAGAAGAGTGCCGTTGCCTCGGAGGTTCTGAACAAACCAGAAATTTGTCAAGCTCTGGTTTGTAAGAATG
GCAAGGGAGTCCCAGACTCCACCAACGTACCTCCCCTTGATGGAACCCGCTGTGGTACCAAGAGAGATATCTGCATTCAGGGATCATGCCTGAAAGTCTACAGTACTTTTGACTGCGAAGGTG
GACCCTGCATCCCATTCTGGCTGGCTAGTAATTTTGTCTGCACTGATCCGGTAAACTGCACAGCGACGCGCTCGGTCCTGTGCGTGGAAGAACACGATGACGGCACCACACGACGGGTCGCC
GACACTTCGCGGTGCCCAACAGAGATCCCGTCGACCACTGGAGTCTGTCCCGACAATCCCTGCAGGTATACCTTTGTCGAAGGAGAGTTTAGTGAATGCCCGGTATCTTGCGGCACTGGTATC
CAGATTCGTAGTGTTGTTTGTCAGGACCAGCTGGAAGGAGTGGTCGTGGAGGATCTGCTTTGCACGCAAACCAGGCCATCAACGACCCAGCTCTGTAATGCGGGTCAATGCCCAACAATCAAC
GTCGAATATGTCATGGGAGAATTCCAGCCGTGCTCGGTGACATGTGGGACGGGAGTCCAAGTGCGATCTGTGGAGTGCCGCGACAATGAGGGTAACCAGGTGGCCGAGTCGTTCTGCCTGGA
TGCGGGTCTGAGCAGACCGTCGTCTACCCAGGCCTGTGATACGGGCGTCAGCTGTGGCCTGCGCTATGTGGCTGGTCCTTATGGTCAGTGCTCGGTATCCTGTGGCATTGGTATCCGCACCC
GCATGATATACTGCGTGAACGACAACAACCTCGTGGTGGCCATCACCCGGTGTCAGGATGCGTCCTTGGAGGTCCCCACCACAGACACCACCTGCGAATTGGAGGCGTGCCCGACGCCAGTC
TACACCGTCGTCCGGGGAGCATTTGGACAGTGCTCAGTTAGTTGTGGGAGTGGCACGGAGAGCAGACTTGTGGTCTGTCTCAACAACAACGTCCAGGTGGACATGCAGAACTGCATCGACGC
CGGACTGACCGACCTAGGGACGCAGCGGAATTGCACCCTTCCTGCTTGTCAGCCAGACTACCGCTTCCAGATGGGACCATATGGCGAGTGCTCTGTGACTTGCGGGGAAGGGCAGCGCTTTC
GTGACGTCCAGTGCCTGGATCAGAATGACCAAGTAGTGGATGTTACCAACTGTCTAAGCTTTGGTCTGATACCGCCTGAAAGCACCATTGTGTGCTCCCTGGATGACTGCCCGACGTACGTCTA
CCAAGTTGGGGAATTTGGACCGTGCAGCGAGACATGCGGCAATGGCGTACAAATCCGCACCGTGGTCTGCATCAACAACGACACCAGGGTAGAGGTGGCAGACAGCATCTGTTCCGGGGAAA
AGCCGGCCACGACTCAGCCTTGCAACCTGACGCCGTGCATCTCCTTGCTTCAGTTTGTCAGTAGCCCCTTCAGTGCCTGCAACTGCAGCGGCCTTCAGACCCGGCTGGTCGTCTGCATCCGG
CGCTCGGGCAACATCCTGGAGCAGGTGCCTGTGCAAGCCTGCCTGGACGACGGACTGGACCCCTTGCCCACCTCCCAGGAGTGCACTCCACCCTCGACCTGTGTTCAGCTTAACCCCGTCTG
GCAGACCACCGAATGGAATGGGTGCTCAGTGACCTGTGGCGTCGGTACCCAGGGTCGGCTGGTTTACTGCATTGAGGCCCCTGGATCCACCAACATCGTCGATGAGTCAGAGTGCATTGCAG
AGGACAGACCACCGGCCTCACAGGAGTGCGACACGCAAGTGGAGTGCCCAACGGCATATCTGTGGTTGACCTATGATTGGGGACCCTGCAGTGTGACCTGCGGCCTGGGCTTTGAGTCTCGC
GACGTCTTCTGCTTCAATCTTGGCGACAACTTTGTGCAGGTTGAGGACTCTCTTTGCAACGCTGGGGAGAAGCCCCCCACGGTCCGCCCCTGCAGCCTTGACCCTTGTTCCGCCTCCTGGACA
ACATCGGACTGGTCCGAGTGCTCTGTGAGCTGTGGCCCTGGTATGCAAACGCGCACCGTCGCCTGCCAACAGACCAAAGACCCCAACAGCAACTTGGTGGAGGAAACGGAGTGTGTGGCCGA
GGACCAACCTTCAGCCTCCCGCCCCTGCTACCTAGCCATCTGCCCCGCCCCCTACGGCTGCGAGACCACGTACATGTTGGAGGGCACCGTCCAATACACAGACAGCTCGCCGGGCTTCGCCA
ACGGCCAGAACTACCCCAACGACCTGGACTGTGACAAGGCCTTTGTGGCTGACATCCCGGCCACTGAGGGGCGCAGGCGTCGGCGAGAGACTGAAACAGAAACCCCCCAGTACTACATACG
GCTGACCTTCACAGCCTTTGATGTGGAACCTTCGCCAGACTGTTCTTTTGACTACCTAGAGATTACGGACGTCAGATACAACACCTCTGAGCGCCTCTGTGGCAACTCCTACGAGCTGCCGCTG
GTCTGGACCTCGGTGGGACCTGACGTTAACATGTTCTTCCACACAGATGCCACCGTCACCCGGCCGGGCTACTCCCTCATCTACAGCGCGGTGGAGAAGGAAGACCCCGCCCGCTACGTGTT
CTCTGAGTGGTCCGAGTGCTCAGTCACCTGCGGGGAGGGTGTGCAGACGCGCGAAGTCACCTGTGTCCGTGGCAACCAGACGGTGGATGACATTGAGTGTAGCGGACTGGAGAGGCCCGCT
TCCACCCAGCCCTGCGAGGAGGAGGAATGCGTGGAGCCCAGCGTGTGTAGCGGTGATCTGATTCGCACCGAAGACAACAGCTTCATTCTGTCACCGGACTTCCCCAGCTCCTACCCAAACAA
CGTGTCCTGCTCCAATGTGGTAAGGGCTCCTGAGGGCATGGTGGTGCAGCTCACGACCACCTTTTTCAACCTTCGACCCTCGGCAGACTGTGAGGACAGGGTTCTGATCAAAGATGTGAATTC
AGACGGTGATCCTCTACAGCTGTGCGGTACCCAGGCTCCAGGCGTTATCTTCACCTCCATCACCAACGAGATTGCCATCACCTTCATATCGGCCGAGACTGGACCCATCAGTCCAAACGGTTTT
GGCTTTACCCTGCAGGCCAACTTCATCAATGAGCAAGGAAGCCCCTGCGGTCAGGAGATCACCACCTCCGGCCAGGCTGTCTACTCGCCCAACTACCCTGACAATTATGACAGCAACCAGAAT
TGCCTGACGGTCATCCGCAATGACAACGGCTGCATCCAGCTGCGATTCTTGGACGTGGACCTCCCTCCATTCGACGGCCAGTGCTCGGACTTTGTGCAGTTGGTGGATCTGAACCTGGTGAAC
GTCAACACCGGTCCCATCTGCGGCCAGGAGATCCCCTCTGTCTTCTACTCTGCCACCGGCCTCCTGACGGTCCGCTTCTTCTCTGATGAGAATGGCCCGACCCGGCGCGGCTACAATGCCGT
AGCCCGCTTTGTGGAGTGCACCGCTGGGCTGTGGTTTACCGGCCCTTATGGCGAGTGCTCGGCCACCTGTGGCGAGTCATACCGTACCCGAACAGTGGTCTGCCAGGATCCACGGACAATGG
ACGAGTTGGACCCATCCATGTGCCCGCTGGAAGTGCCCGAGTCGACCATAGATTGCGAGGTGGAGGAATGCCCAAGCTGTGACGTAGAAATCACCGCTCCAGGGGATGTAAGTGCTCCCATC
TCGCCAGGAGATTTGAACTGTGTGGCAAATATAGCCAATCCAGAGGGCTGCGTCACCATCAATTTCTTGGGCTTGGACCTCGTGCCCGACCTCCCTGGAACCTGTGAAACGGACTACCTAGAG
ATCATTGATGCTGCTAGGCAGGAACCAATCAAGATGTGCGGGTCGATGACCCTGGAGGTTTACCAGTCACTGAGCGGCAACGTACAGCTCATTTTCCAGAGATCCTCATCGCTATCGATGATAT
CTTACTTTGCTTATGTCTCCTTCAACGCCTGCCCTGTCAATGCTTACATCACAGGCAACTGGAGTGAGTGCTCGGTGACTTGCGGATCTGGTGTAAGAACTAGAGACGTCCAGTGCATGGACCT
GATCAACAATGTCCCCGTGGAAGACGCTTTGTGTCAAGGCGAGCGCCCCCCGTCGGAGGAAACCTGCGACACTGGTGTAGAATGCCCATCGTGCGACATGGACATCGACATTAACGAGGGCA
TGTTTGTAACCAGTCCTGGCTTCCCCGAGGGCTACACGCCCAACCTGAACTGCCTATACAACTTCGATTCCCCACTCGTGACGGAGTGCATCCGCTTGACCATCCTGGAGGTGGAGCTTGGTG
GATCGGGGGTGGATGATCTGTGCTCGGCAGACTATGTGGAGCTCAGTGGCCCGGCAGAACAGGCACCGATCCGTATCTGCCCCGAGTCTGGTCGCTCTATCTCCTGGTACTCGCGCAGCAAC
CAAGCCACCCTGAGGTTCGTCACAGACGAGGAGGGCTCCAACTCTGGCTTCAATGTGTACATTGTAAATGACAATTGCATTGAGTACGACTACGACGTGGGACCCTTCGGCCCGTGTAACGTC
CGTTGCGGGGGCGGAGTCAGGACCCGGGATGTGACGTGTATCAAACTGGATGACCAGTCGCCGGCGGCCGATGAGCTTTGCCGCAACCCAGCTCCCTTATCCAGCATGCCTTGCAACACGG
AGCCATGCCCTGTGTGTGATGAGACTTTGCTCCCCGGCAACGAGCTGATCACGAGCCCTGGGTTTTCCAGCGCCCCAGGCCGGGGTTACGAGAGCCTACTGGACTGCACTTACAACGTCACC
AACCCAGAAGGCTGCCTCTTCCTGACTTTCCTGAGCTTCGAGCTCCAAGACTGCAGCGATTGCACCTGCGACTCCCTCAGCATCTATGAGAACGGCGAGTTGGCACTTGAGCCCCTGTGCGGT
GATCAGACGGGCCTAACCTGGGGATCCTCGGACAGCAACGCGATCCTGGAGTTCCGCACAGACAACGCAGTCTCTGCTCCCGGATTCAACATTTACGTGGCTTATGTTGAGTGCCCCGACGTT
TATTTCTACACCGGGGAGTACTCAGAGTGTGATGTCACCTGCGGGGGTGGTACACAGACACGTGAGGTCTCCTGCCGAAGCCGCACTACGGGTCTGGAAGTGGAAGAGGCCATGTGCACGAG
CACCCGACCCCCTTCCTCCAAGTCCTGCGCAGAGCAATCTTGTCCATTCTGTGACGAGGTCATCACCACGCCCTCTTTCGTCGCCAGTCCCGACTACCCAGCGAGTTACCCCGTCAGCATCAA
CTGCAACTACGACATCCAGGCTCCCCCGGCCAGTTGCATCAGCATCACCTTCGTGGTGTTTGATTTGCAGGAAGCCGAGGGCGACCCCGCAGTGTGTAGTGATTTTGTCGAGATTTCAGATAC
AAGGACGCCCTTACTGGACAGGCAGTACTGCGGAGCTGCCGGCCCCAATGAAATCCAGTGGAACTCCTACTACGGCAACGCACAGATACGCTTCCACTCAGACGAGGAAGACACCTCCCAGG
GCTTCCGCGCTTATGTTGGCTTCGTTAACTGCCCGGACTTTGGGTACATGGCCACCGAGTTCGGCGAGTGTTCGCGACCTTGTGGTGGAGGAGTGCAGACACGTATTGTCACCTGTGTGAGGT
TTGCCACTCTTCAAGAGGTGGATGATTCCAATTGTGCAGATGAGAGACCGATCGAATCGCGCCCCTGCAACTTAGAGGAATGTCCAGAGTGTGACCAGGCCGTCCTGCAGACCCGTCAGAGCG
TGTCCAGCCTCAACTTCCCCCAGCCCTACTTTGAGTATTCCTGCAACTACCTCTTCATCAACCCCGGGGGCTGCGTGGAGCTTCTCTTTGTCCAGTTGGAGATGCCGGAAGCAAATGCCGGTG
GCGTTTGCGACACAGACTACCTCCTGGTGGAGGACTTGAGCAGCCGGCCGTTCTCCTACCGCATCTGTGGCCGTGAGATTCCGGGCAGCATCACCTCGCGCGGTGAGACCTTGAACGTCACC
CTCGTCACCGATGGCAACCCAGCCACTTTTGGCGAGGGTTACCAACTCTACAACCTGTTTACCAACGACTGTCCCCAGGTTGGCTTTGTGACCGGCGAGTTTGGAGAGTGCGATCGCCAGTGT
GGTTTTGGCCAGCGGACGCGCGAGGTTACGTGCGTCGACCTGCAGTCCGGCATTGAGGTGGACGAGAACCTGTGCACGGACCGCAAGCCCGCCAGCACCGAGTTCTGCAACACCCAGCCCT
GCCCATCCTGCGACAGGACCATCGACTCTTTCCCGCAGGCTCTGGACAGCCCGATGGATCTGGACCTTCAACGTACATGCAGGTACACCTTGGATAGCGAGCGCTGCATCCGTGCCACCTTCC
TGCAGTTTGACTTCCCCGGGGAGAACGGCATGTGCGGCGACACATTTGTCGAGCTGCGGGACGAAGGAGCCAGTTACTTGACGGAGAGGTTCTGCGGGGACGGGCCTGGGGCCACATCGGG
CCAGACACTGTACGCCTGGGAGTCGCGAACAGAGGATGTGGTTTTGACACTGAATAGCGGAAGTAGCCTGACGACTGATAACAGTTTCAGGATATTCTTGTCACAGTTGGATTGCCCGGAGTTT
GCCTTTGTCACTGGTGAATTTGGCGAGTGTAGCGTAACATGTGGGGATGGTGGCACTCGAACTCGTACCGTCCAGTGCAGGCGCCTAGTGGACGGTATAGCGGTCATCCCCACATTCTGCACA
GATCCCGAACCTTCCACAACCGAGCCCTGCGGGCCCCAGCCACCCTGCCCCTCTTGCGATATGACCGTCACTGACGGGGAAGCCTTGATCCAAGGGCCGCCACGGGATGGTAACTGGACCA
CTGACGTCAACTGCCGCATCACGGTGGAATTTGAGAGCTCCTGCGTTGTCATTTCGGCCCTGGAGCTGTCGCTTTCGGAGCCGGATGTGAACGGCAACTGCGTTGACAGCTCACTGACTTTCA
GCGATGGCACATTCCCCAACTACACCCAGACCGTCTGTGGCTCGCCGGGCGGCATCTACCGGGCCCTGACCAATCGCTTTGTGGTGGATTTCTTTTCGGCCGATTACGAGAACTCTGGCGACA
GGTACAGCCTGTTTGTCCAGGAGGCGACCTGCCCCAACATCATTTGGGACATCCGACCAGGTGGCCAGTGTTCCGTGAGCTGTGGTGGAGGCATCCAGACCAGGGAGGTGGTCTGCTTACGG
ACAGACACCCTTGAGCTGTTACCTCCTGAGGCTTGCCCAGCGCCCAGACCCCCGACTGAAGTACCCTGCAATGTAGAGGAGTGCCCCAAAGAATGTGACAACGTGATCACCGCCAACACCCC
GGTCACTGTGCTGTCGTCACCCGGCCGCCCCACCTATGTGACGGACGCGGACTGCTTGAACAATATCGTGAACCTGAGCGGTTGCATCACCCTGTCGTTCCTTTCCATGGACATCGAGGGCG
GAACCACGGACGATGTCTGCGACAAGGATTACCTGGAGATCATAGATTCTTCTTTCCCGGAGCTGAACGTTAGACTGTGCGGCAGCACACTTCCTACAACCAGCTGGCGTTCCAAGTCTGGTCT
GGTGAGGACCCGGTTTGTGTCGGACAGCGTGGACACCTTGCAAAGTGGTTACTCCCTCACCTACATTCTTGAAACAGAGTGCCCCACTGGAATGTACGTGTTGTCCAATTTCAGCGAGTGTTCG
GCGACCTGTGGCACAGGTATTAGGACAGCTGAGGCTCTCCAGTGCTTGCTTCCCAACATGACCGAGGGGACGTTCAACGACTGCCCGGGACTGCCGCCATCTGGTATCGAGGAATGCAACAC
GGACCCCTGCCCGGAATTCTATTTCTTTACCGGGAACTTTGACAGTTGTCCGGTCACCTGTGGCATAGGTGTCATGACTCGTGTTGTGGAGTGCCGGCGTGTGGACAACGATACTGTCGTGGA
TGATTCCATGTGCACCGAGCCCAAGCCAGATGTCACCAGGAATTGCGCATTGGGCTCTTGCCCCACAAACAGTCTAGATGTTTCTGAGCCCGCCCAGTCGTACAGTCTGAATTTGGATGACAGC
GGCACCATTCGCAGCCCTAATTACCCCAGCCAGTACCCCAACAGCTTCAACGGGCAGCTGCTTCTCAGCATTCCTGCAGGCTCCACCCTCGAGATCGTCGTCAACACTCTGGACATAGTGTTT
GAGACCCCCTGCTCTGATGGAGACAGCCTGATGTTCCAATCCGGGACAGCGAATGTTCTCCAGATCTGCTCCAACTCCCTTGGAATACCTTTCTCCTGGTACAGCCAGACTGGTGATACTTCCA
TCGTCGTCACCTTCACGACGAGTGCGACCAATGCCGGCACTGGCTTT TCTGCTGACTACCGAGTCTTCCAACAG
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C JoC agggaccctggtcc ggcgaggacggcaagacggtcctcggtcaacccgaggaat

actgctigtaccaggggacgtctgtgagtcacgagaactcggecgtgtatggcagegattgcggtaac ccgaacatgtggagaaagacggacceactcacatggtggtccgaaggage
gttgctggactgtigaaggaccegagtttagacgtcaaagtcaactigaaaatcaacaatatcaagattctcaagacaccacaggetgacctgectctttcagaggaacttgagaattcectgcggaacttitgtgatiggcagaagagaagegattctgatatttcgattettatcacaagg
catgacctggtctetgetggcaatcgcaagatcactggcaaagecgctgatgtiggaggageatgegacccaaacagacgctgecttatiggccaagatcacggacceagtggactgatcttcaccetcgegeatgagattgggeacagectiggeatgtaccatgatggaggactga
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gtgac

taacaggaac Jtgc Jotct aagccaaagtctctgcec tgattcc

C jccagccageag

gatatctgcattcagggatcatc jeactttte Jtgc jgctggctagtaattttgtctgcactgatece gctcggte acgatgacggcaccacac

gacacttcgcggte Jag jJte aggacc tgctt

tgcacg gtgc gggagtccaagtgc cgcgac caggtggccgagtegtt
ctgcctggatgegggtctgagcagaccgtcgtctacccaggcectgtgatacgggegtcagcetgtggectgegcetatgtggetggtecttatggtcagtgeteggtateetgtggceattggtatccgecaccegeatgatatactgcgtgaacgacaacaacctcgtggtggecatcacceggt
gtcaggatgcgtccttggaggtecccaccacagacaccacctgcgaattggaggegtgcccgacgccagtctacaccgtegtecggggageatttggacagtgetcagttagtigtgggagtggcacggagageagacttgtggtetgtctcaacaacaacgtccaggtggacatge
agaactgcatcgacgccggactgaccgacctagggacgcagcggaattgcacccttcctgcttgtcagccagactaccgmccagatgggaccatatggcgagtgctctgtgacngcggggaagggcagcgcmcgtgacgtccagtgcctggatcagaatgaccaagtagtgg

gacatgcggcaatggcegtacaaatccgeaccgtggte aacgacaccagggtagag

gtggcagacagcatctgttccggggaaaagccggccacgactcagccngcaacctgacgccgtgcatctccngcncagmgtcagtagccccncagtgcctgcaactgcagcggccttcagacccggctggtcgtctgcatccggcgctcgggcaacatcctggagcaggtgcct
gtgcaagcctgectggacgacggactggaccectigeeeacctcecaggagtgeactccaccetegacctgtgttcagettaaceeegtetggcagaccaccgaatggaatgggtgetcagtgacctgtggegteggtacccagggteggetggtitactgcattgaggeecctggatee
accaacatcgtcgatgagtcagagtgcattgcagaggacagaccaccggectcacaggagtgcgacacgcaagtggagtgcccaacggcatatetgtggtigacctatgattggggaccetgcagtgtgacctgeggectgggctttgagtetcgegacgtettetgcttcaatcttgge

gcaccgtc Jjacagctcgeegggcttcgecaacy

gattacggacgtcagatacaacacctctgagcgcmctgtggcaactcctacgagctgccgctggtctggacctcggtgggacctgacgnaacatgncttccacacagatgccaccgtcacccggccgggctactccctcatctacagcgcggtggagaaggaagaccccgcccgc
tacgtgttctctgagtggtecgagtgcetcagtcacctgeggggagggtgtgcagacgcgegaagteacctgtgtcegtggcaaccagacggtggatgacattgagtgtageggactggagaggeccgcettccacccagecctgcgaggaggaggaatgegtggageccagegtgty
tagcggtgatctgattcgcaccgaagacaacagcttcattctgtcaccggacttceccagctcectacccaaacaacgtgtectgcttcaatgtggttagggetectgagggeatggtggtgcagetcacgaccaccttittcaaccttcgacceteggeagactgtgaggacagggttctgat
caaagatgtgaattcagacggtgatcctctacagctgtgcggtacccaggetecaggegttatcttcacctceatcaccaacgagattgccatcaccttcatatcggecgagactggacceatcagtccaaacggttttggctttacectgcaggecaacttcatcaatgagcaaggaage
ccctgeggtcaggac tgcatccagc gtggacctecctccattcgacggecagtgetcggactttgtgeag
ttggtggatctgaacctggtgaacgtcaacaccggtcccatctgcggecaggagatcecctctgtettctactctgccaccggectectgacggtecegtttcttctctgatgagaatggeccgacceggegeggctacaatgecgtageccgctttgtggagtgeactgetgggetgtggttta

atcaagatgtgcgc Jtcactgagcee Jatc Jcttatgtctccticaacgectgecctgtcaatge aggc tcggtgacttgcggatct

ctgccecgagtctggtegetctatctcctggtactcgcgecagcaaccaag jttcgtcacagacgagg JC: tac cttcggcecgtgtaacgtc

jecyc Jact JC

tgaggtctcctgccgaagecgeactacgggtetggaagtggaagaggccatgtgcacgageaccegaceeccticetccaagtectgegeagageaatettgtecattctgtgacgaggteatcaccacgecctetttegtcgecagteccgactacccagegagttacectgtcageat
ccagtggaactcctactacggcaacgcacagatacgcttccactcagacgaggaagacacctceccagggcticegegcttatgtiggeticgttagetgeccggactttgggtacatggecaccgagttcggegagtgticgegacctigtggtggaggagtgcagacacgtattgtcac
ctgtgtgaggtttgccacteticaagaggtggatgattccaattgtgcagatgagagaccgatcgaategegeecctgcaacttagaggaatgtccagagtgtgaccaggecgtectgcagaccegtcagagegtgtceagectcaactteecccagecctactitgagtattectgcaact
acctcttcatcaacceegggggetgcgtggagcttetetiigtecagtiggagatgccggaageaaatgeeggeggcgtitgcgacacagactacetcetggtggaggacttgageageeggecattetectacegeatetgtggecgegagattcecgggeageateacctcgegeggty
agaccttgaacgtcaccctcgtcaccgatggcaacceageeactittggcgagggttaccaactctacaacctgtttaccaacgactgtceccaggttggettgtgaccggegagtttggagagtgegategecagtgtggtittggecageggacgegegaggttacgtgegtegacet
gcagtceggcattgaggtggacgagaacctgtgcacggaccgcaageccgecageaccgagttetgcaacacccagecctgeccatectgcgacaggaccatcgactetttcecgeaggecctggacageccgatggatetggaccticaacgtacatgcaggtacaccttggata
gcgagcgctgeatccgtgecaccttectc ccggggagaatggcatgtgcggegacacatttgtcgagcetgcgggacgaaggagcecaattacttgacggagaggttctgcggggacgggcectggggecacatcgggc jtacgcctgggagtcgega
acagaggacgtggttttgacactgaatagcggaagtagectgacgactgataacagtttcaggatattctigtcacagttggattgcceggagtttgectttgtcactggtgaattiggcgagtgtagegtaacatgtggggatggtggeactcgaactcgtaccgtecagtgeaggegecta
gtggacggtatagcggtcatecccacattctgcacagatceegaaccticcacaaccgagecctgegggecccageeacceetgeecctettgegatatgaccgtcactgacggggaagecttgatccaagggecgecacgggatggtaactggaccactgacgtcaactgeegeat
cacggtggaatttgagagctectgegttgteatttcggecctggagetgtegetitcggagecggatgtgaacggeaactgegttgacageteactgactttcagegatggeacattceccaactacacccagacegtetgtggetegecgggeggeatctaccgggecctgaccaatege
ttigtggtggatttctittcggecgattacgagaactctggegacaggtacagectgtttgtccaggaggcgacctgccccaacatcatttgggacatccgaccaggtggecagtgttcegtgagetgtggtygaggeatccagaccagggaggtggtetgettacggacagacaccecttga
gctgttacctcctgaggettgcccagegeccagacceccaactgaagtaccetgcaatgtagaggagtgccccaaagaatgtgacaacgtgatcaccgecaacacceeggteactgtgetgtegtcacccggecgececcacctatgtgacggacgeggactgcttgaacaatatcgt

aggggacgttcaacgactgccegggactgccgecatetggtatcgaggaatgcaacacggaccectgceeggaattctatttetttaccgggaactttgacagttgtccggteacctgtggeataggtgtcatgactegtgttgtggagtgecggegtgtggacaacgatactgtegtggat
gattccatgtgcacct jgaattgcgceattggge Jagcccgeccagtce ggcaccattcgcagecctaattaccccagecagtaccecaacagcticaacgggea
getgcttctcageattcetgcaggctecaceetcgagategteg jtttgac Jagacac jggacagcg tccaactcct ctttctcctggtacage
cttccatcgtegteaccttcacgacgagtgcgaccaatgccggeactggcttttctgetgactaccgagtcttccaacagtag

>EBR1|Patiria.miniatajcontigA03253a
ATGGCGCCCACGAATTACGGCGTAGCTGCCCTGGCGGTAGTTTTGTTTTACGTAGCATCCTCAAGTTATGCCAAACCACTAACTCAGAGTATGGAGCTGAGCGCTGCAGATCGTGTCCATTATT
TCGGCCAAGCAGAAGTGCAAGATTTTGAGCTGGTCTCGCCGCAAGTTTCTAAGAGGAGGCGAGGCGCAACATGGGGCAAGCACATCGAAGCTAAGAAGGTTGTCTTCGAAGCCTTCGATGAG
AGATTCGATATTGCCCTTGAGCCCAAGGTGGGGCTAGTGGACGCAGGAACGCTGGTCCATGAAGTCGGCAAGGATGGGAAGACGGTGCTGAGTCAACCCAAAGAATACTGTCTGTATGTCGG
CAAGTCATTGGACCATAAGGATTCCACTGTGTCCGCGAGTGACTGCGGCAACAAGCTGCAAGCATCTATCGCTACAGCCAAGGCAGCGTTCCAGCTGCAGCCGCTGAAGACAGAACACAAGGA
AAAAGATGGTCCTACCCACATGGTTGTACGAAGGAGTGTCAACACTCAAGCATGCAACATGGACGCTGAAAGATCCTTGGAGTCGACTATGTCCAGACGCAAGAGGTCCACAGCTGAACCGAT
TTACGTGGATGCTTCGGTTGTAGCAGACGATCTGATGTACAAAACCTATGGCAATGAAACCAATAACTACCTTCTTACCATTCTCAATCAGGTCGCTGAATTGCTGAAGGACCCTAGCCTAGATG
TCCAAGTCAATTTGAAAATCAGCAATATTAAGATCGTCAAGACGCCACAGCTGGATCTATCTTTATCAGAGGAGCTGGAAAAATCCCTTGAGAGTTTCTGCTCTTGGCAGAAGAAAAGTGATTCC
GACATTTCCATTCTTATCACAAGGCGTGACTTGGTCTCTGGTGGCAACCATAAGGTGACTGGTAAGGCAGCTGATGTCGGTGGAGCATGTGACCCAAAGAGGCGTTGTCTGATTGGTCAGGAT
CACGGACCTAGCGGACTCATCTTTACACTGGCTCACGAGATTGGCCATAGCCTTGGTATGTACCATGACGGTGGACTGAGTGACTGCGCCAACAAGAAGAACATCATGGCTTCTGTCAACTCC
GGAGGGCCTGAGGCCTTCCGCTGGTCTGAATGCAGCAACAATGACCTCCTCAACTTCCTAGCTCGTCCAGAGTCCAAGTGCCTGAAGGACAAACCCAAGTCTCTACCTGACTACACTCCGTCA
TCCATCCCAATGCCTGGCTTTTATTTCAACGCTACTGAGCAGTGTGCCATGACTTACAATGCAAAGAGCACTGTCGCCTCCGAGGTTCTCAACAAAAAGGAAATCTGCACAGCTCTTGTCTGCAA
GAACGGCAACGGAATCCCAGAATCCACCAATGTTCCCCCCTTGGATGGAACTCGCTGTGGAACCAAGCGAGATATTTGCATCCATGGAGAATGTCTGAAAGTCTACAGCACCATGGATTGTGAT
GGTGGCCCATGCATTCCATTCTGGCTTGCAGGCAGTTATACTTGTCAGAATTCCACTTCGTGCGTGGCGACCCGCTCGGTTCTCTGCGTCGAGGAACATGACGACGGTACAACCCGACGAGTT
CTAGATCTTGAACGGTGCCCAAATGAAGTACCAACAGATACAGGAATTTGTCCGGATGATCCATGCAGGTTTTCCTTCATCACGGGAGAATATGGTACCTGCTCGGTAACCTGTGGAACTGGTC
TCCAAGTCAGGAATGTGGATTGCCAAGATCGTTCTCAGGAGATTCCGACCATAGTCAACGATGCCCTGTGCCAAGAAGCCGAACCGTTGACGACACAAGTCTGCATTCTGCCTGCCTGTCCAGT
CAACTCGTACAGCTATGCTGTGGGACAGTTCCTGGAGTGCTCGGTGACATGTGGGACTGGTGTTCAGCTACGATCAGTGACTTGCCAAGACAATGTCGGTGAAGCCGTGGCGGAAGTGTTCTG
TATTCAACTGGGTCTATTCAGACCATCCACTACCCAGAATTGTGACACTGGTATCAGCTGTGGACTCCGCTACGTCGCTGGCCCTTATGCCACGTGCTCGGTCACCTGCGGCTCGGGTACGCG
TACCCGCATGATCTACTGTGTGAACGATAACAATTTGGTCGTAGCTCTTGCTCGGTGCGAGGATGCTCAGCTGGAAGAACTACCTCTTACGACCAGTTGTGACCAGGAAGCGTGCCCTTCTCCT
GTCTACACCGCGCTCAGGGGATCGTGGTCTGAGTGCTCGGTTACATGTGGGCTAGGCACGGAGACCAGATTTGTGGCGTGCCGCAATAACAATGTGGACGTTGACGTGCAGGACTGCATTGA
TGCAGGATTGACTGACTTGGAGACGTTGAGGGTTTGCACACGGCCGACCTGCCAACCGGAGTATCGCTTTGATGCTGGTGCATTTAGTGATTGTTCAGTGACCTGTGGCACCGGACTACGCAT
CCGTGATGTCCAGTGTTTAGACCAAGACGACGTGGCAGTAGCCATCGATAACTGTCTGGCCATCGGCTTGACACCGCCACCAAACACCATGGAGTGCACTCTGGAAGACTGCCCAACCTACAT
CTATCAAGTCGGTGAATTTGGAGCTTGTACTGAGGAATGTGGAGATGGTCTGCAGCTTCGTGCCGTGGTCTGTGTTAATAACGACACCAAGGCTGTCGTGGATGATGCAAACTGTCCTGGAGA
GAGGCCTGCCTCAACACAGCCTTGCAATCTCATGCCTTGTAACACCCTGCTTCAGTTTGTCACCAGTCCTTTCAGTGCCTGTAACTGCAGCGGTCTGCAAACACGTATTGTCATCTGTATCCAGC
GTGTGGGTATCGTCTTGGAGCAAGTCTCCACGCAGAATTGCTTGGATGCTGGTCTTGAAGCCCTACCGACCACTCAGGATTGCCCCCCACCAGCAGACTGCGTCCAACCCAATCCTGTCTGGC
AGACTACTGAATGGAGCCAGTGTCCAGTAACTTGTGGCGTCGGTACCCAGACTCGACTGGTTTACTGCATCGCACAGCCGGGATCGACCGATATCGTTGATGATTCAGAGTGTGTTGCTGGGG
ACAAGCCACCAACGACACAGGAATGCGACACGGAAGTCGTATGCCCAACTGCCTACCTGTGGTTGACCTACGGCTGGGGAGCATGCAGCGTGACCTGCGGCGAAGGCTTTGAGTCGCGTGAT
GTCTTCTGCTTCAGTCTGGGAACTAACATCGTGCAGGTTGAGGACTCGCTCTGTAACGCTGGAGAGAAACCCAACACTGTCCGGCCATGTAGTCTGGCGCCATGCACTGCATCATGGACAACA
TCAGGCTGGACTGAGTGTTCTGTGACCTGCGGTCCTGGTACACAAACCCGCACCGTTGCCTGTCAGCAGACCAAGGATCCCAACAGCAACGTCGTTGACGAATCAGAATGCATCGCTGACGCC
CGTCCCTCGGAAGCCCGCCCCTGTTACCTGGCACTATGCCCCGCCCCCTTCGGCTGTAATACGTCCTACATGCTGGAAGGCACTGTGCAGTACACAGAGAGCTCGCCAGGATTCACAGATGG
ACAGAATTACCCGAATGACCTGGAGTGCTCCAAGGCTTTCGTTGCTGATAATAACATCCTGGATGGTAGACGTAGACGTAGACGGAACGTTCAGGAACCACAGTACTGCATTCAGCTAACGTTC
ACAGCGTTTGACGTAGAACCATCAACCGACTGCACTGTGGATTATCTAGAGATTTCAGACATCAGGTACAACACATCAGAGCGTCTGTGCGGCAACACCTACGAGCTACCTCTAGTCTGGGAGT
CAGTGGGTCCTCATGTCAACCTGTACTTCCACACTGACGCCACGGTCACACGGGCGGGGTACTCGGTCATCTATAACGCTGTGGAGAAACAGGATCCAGCTGGCTATGAAGTCACTGCATGGT
CCGAGTGCTCTGTGACTTGTGGAGAAGGCGTCGAGACACGTGAAGTACTGTGTGTCCGTGGCAACGAGACCGTTGATGACAATGAGTGTAGTGGTCTGCAGAAGCCCGTCTCCATTCAGCCGT
GTGTGGAAGATGAATGCATTGAACCTAGCGTTTGCAGCGGGGATCTTCTTCGCACAGAGAACAACGCTATCATCTTGTCTCCCGACTTCCCATCCGCCTACCCAAACAACATTTCCTGTTCTAAC
GTGATCCGTGCCCCGGAAGGAATGATAATGGAGATCTTTGTCACTTTCTTCAACCTCCGTCCTGAAGAGTGCAGCGACAGGGTTTTGATCAAAGACGTGAACGTCGATGGCGAACCTCTGGAG
CTGTGTGGTAACCAAGCTCCCGGCATTGTCTTTACATCCATCACAAATGAGGTGACGGTGCAGTTTGAGTCGGCTGAAACGGGATCCATCTCACCAACCGGTTTTGGCTTCAGTCTCCGAGCTG
ACTTCATGAACCAACCACCGGTTTCTTGCGGTAACCAGATCTCAGAATCCGGCCGAGCTGTCTACTCGCCCAACTACCCCGGTGATTACAACCTGAATGAGAACTGTTTGACCGTCATCAGGAA
TGACGGGGGTTGCATCAAGCTACGATTCTTGGATATAGACCTCCCTCCCCAAAACGGACAATGCTCGGACTTTGTTCAGTTGGTCGATCTTAATGAGATTGCCGTCAACACTGGCCCCTTGTGT
GGCAGAGAAATCCCTACAGTCTTCTACTCGTTTACTGGTCTCATGACGGTGCGATTCTTCTCGGATGAAAACGGTCCGACTACCGGTGGTTTCAATGCTGTGGTGAACTTTGTTGATTGCTATGA
TGGTGTGTGGCTCACCGGCCCGTTTGAAGAGTGCTCTGCTACCTGTGGTGAGGCAGTCCGTAGGCGAACCGTCTCATGCCAGAATCCTCAAACGGACGCTTTGGTTGATCCAGCTATGTGCCC
ACCAGAGAGGCCCGACGAGGAAATTCCATGCGATGTCCCTGAATGCCCAAGCTGTGACGTGACGGTGACCGAGTCTGGCGAGATAGGCTCTCCCAACTCACCAAGCAACTATGACAACAACC
AACGATGCGAGACTGAGATTGTCAATCCAGACGGTTGCGTCGCCATCAACTTCTTGGCGTTTGACCTTCAGCCTGGTCTCAGTGATGAATGCGACACCGATTTCCTGGAGATCACAGATGTGGC
AAGGGAAGAACCTATCAAGCTATGTGGCTCAACACTCCCTGATACCTACCAGTCACTGAGCGGTAATGTGCAACTGCTCTTCCAGACTGATGATTCGGTGGTATCCACTGGCTACTACGCTTAC
GTCTCCTTCATTCCTTGTCCCGTCAACGCTTACATCATGGGCAACTGGAGCGAGTGCTCTGTGACCTGCGGTGCTGGTATGAGAACCAGAGATGTTCAGTGCATGGATCTCATCAACAACGTCC
CAGTTGAAGACTCGGTGTGCCAAGGTGAACGTCCTCCATCTGAAGAACCCTGCATGGCCAACGAGGAATGCCCATCCTGTGATGTGACCATTACCGAGAGTCTGATGTTCGTGACCAGTCCGG
ACTTTCCGAATCCCTACACCCCCAACCTAGAATGCGTCTACACTTTTAACTCACCGGATCCTGACCAGTGTGTACGTCTGACCATCATAGAGGCTTACCTCAATGGAGCTGATGACAACGATCTG
TGCAGTCGCGACTATTTGGAGATTACCAGCCAATCAGGACAGCCCTCCTTGCGATTCTGCCCGGAATCGGCCCGTTCCATCCCCTGGTATTCCCGAGACAACACTGCTTCTGTCAGGTTCGTCA
CCGACGAAGAGGGCGCCAGCTCAGGATTCAACATGTACGTCGTCTTTGGCAGTTGTCCGATGTACGACTTTGTGGTGGGAGACTATACTGAGTGCAGCACCCGTTGTGGGGGTGGCGTCAGG
ACAAGAGTCGTGAGTTGTATCAGCCTGAGTGACGGTTCAGGGGCTCCCGATGAGCTGTGTCCTAACCAACGTCCTTTGGATAGCATTCCTTGCAACACTGAGCCATGCCCAGTTTGCGATGCC
GCTTTCTTCCCGGGAGACGAGCTGATCATGAGTCCTGACTTCTCCAGTGCCCCAGGCCAAGGCTACGAGAGGTCACTGGACTGCACCTACAACATCACCAACCCAGACGGTTGTCTCTTCCTA
ACATTCCTCAGTTTTGAGCTCCAAGAATGCGCAGATTGCTCATGCGACTACCTCAGTATCACGGAGGATAATGCTGAGGCTTTGCCGCCTCTCTGTGGTACTCAGAATGACCGTACATGGGCCT
CCACGACCGGCAACGTCATGTTGAATTTCGTTACGGATAACTCCATATCTGCTGCTGGTTTCAACATCTACGTAGCTTACATTGACTGCCCTGATGTGTACTACTTCACTGAAGATTACTCGGAGT
GCGACGTGTCTTGCGGTGGCGGAACCCAGACCCGCTTGGTTCAATGCAGGAGTCGAACCACCGGCATGGAAGTTGATGAGTCCATGTGTACTGGAGTCAAACCACCAACAGAGCGCCCATGT
GGAGAAGACCCATGTCCATTTTGTGATGAGATGATTACCACTCCCAGTTTCATCGCCAGCCCTGAGTACCCAGAGAACTACCCAGTCAGCATCAACTGCAACTATGCCATCCAGGCCCCAGCAG
GCCGCTGCGTCAGCATCAATGTACTGGCCTTTGAACTCCAAGAAGCTGAGGGTGACCCTATGATGTGCCAAGATTATATTGAGATCCGAGACCAAGGAGCCCCTACTCTAGACAGACGTTACTG
TGGATTGGCTGCTCCCAACGCGATTCAGTGGAGATCACGGTTCGGTTCCGTTAGCTTGGACTTTTCGTCTGATGAGGAAGATACTTCGAGCGGCTTCCGTGCTTACGTCAACTTCGTGGACTGC
CCCCAATATGGATACGTCGCTACTGAATTTAGCATGTGCTCTAGACCGTGTGGTGGTGGCACACAGACACGCGAAGTCTCTTGCCAAAACATAGCCACGCAGCAACCCGCTGAAGAGGTCAAC
TGCGAGGATGAGAGACCTTCAGAGTCCATCCCTTGCAACCTCCAAGACTGCCCAGAATGTGACGAGGAAATCACTGAGAATCGACAGAGCGTCTACAGTCTGAATTTCCCCCAACCTTACTTTG
AGTATTCCTGCAATTACATCTACACCAACCCCGGTGGCTGCGTGGAGCTTCTCTTTGTTCAGTTTGAGATGCCGATACCAAACGCCGAGGATGTTTGCGATAAGGACTACCTCCTGGTTGAAGA
CATGAGTGAGCGGCCCTTCTCTTACCGTATCTGTGGTCCTGACATACCCAACGCCGTTGTGTCACGTGGTGAGAGACTTAATGTGACTCTCGTTACGGACGGTAACCCAGGCACCTTCGGTGA
GGGATACCAGCTGTACAATCTCTTTACAAACAACTGTCCAGAGGTCGGCTACGTGGCAAGCGAGTTTGGAGAGTGTGACCGCCAGTGTGGTTTTGGCACTAGGACACGCGAAGTCAACTGTGT
TGATCTGCAATCTGGTATCACCGTGGATGAAAGCCTGTGTACTGATGTCGAACCAAGCAGCACTGAGTTCTGCAACACTCAGCCTTGCCCATCTTGTGACCAAGTCGTCGACACCTTCCCAATT
GCCCTGAATAGTCCCGCTGACTTGGACCCTCTGCGCACCTGTCAGTATGACATCGAGAGCGAACGTTGCATTCGAGCAACCTTCCTTACGTTTGACTTCCCAGGAGAAAACGGCATGTGTGCT
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GATACATTCGTCCAGTTGCAAGATGAGGGAGCGGAGTTTCTGACGGAGAGATTCTGTGGGGATGGACCAGGGGCAGCGTCTGGTGCAGCCCTGTATGCTTGGGAGTCCAGAACGTCTGACGT
ACTTATGACTCTGAACAGTGGCACTGACCTGACGGCCAACAACCGCTTCCGAATCTTCCTGACAGAGATGGACTGTCCAGAGTTTGGTTTTGTCGCCGGCGAATTCGACGAGTGCAGCAGATCT
TGCGGCGAGGGTGGAGTCCAGACGCGTACCGTAGAGTGTCAGCGTTTAGCCGATAATTCACCGGTCGTGGAGGGATCGTGCACAGATCCTAAACCATCAGAAACACGGCCATGTGCACCTCA
GCCGCCATGCCCATCCTGCGACATGTTTGTTTCTGATCCCGAGACATTGGTCCAAGGGCCCCCACGCAACAGTAACTGGACCACCGATGTCCGTTGCCGAATCACGGTTGAGTATGACACCTC
TTGTGTCGTCATCTCTGGCTTACAAGTGATGCTGTCTGAGCCGGATGAAAACGGCACGTGTGTAGACAGCTCACTGACATTCTCTGACGGCACCTATCCAGCCTACACTGAGACTGTCTGTGGC
TCATCAAGTGGCGGTGTATACGGAGCTTTAAGCCGTCGTTACGTCGTGGACTTCTATTCTGCAGACTACGAGAACTCTGGCGATTCATTCAATCTATTTGTCCAGGCGGCCGCTTGCCCAGTGA
TCGAGTACCAGACTAGTGAATTCTCACAGTGTTCAGCCAGTTGCGGCGGTGGGGTCCGAACCCGGGACGTGACTTGTGTGAGAGCGGATACAATGGAGGAGGTCCCCGACGATGCCTGCGCA
GGACCCCGCCCAATGGCCATCGAAGGATGTAACATGGAGGCATGCCCTAAAGAGTGTGATAATGTCATCACTGTCAACACTCCCGTGCAACTGTTGACATCACCGGGACGTCCAACGTACGTG
ACTGACGCTGACTGTACTAATAACATCATCAACTTGAGCGGTTGCATCGTTCTGGCTTTCCTGTCCGTTGATATCGAGGAGGGAACTATGCCGGGTGATTGCGATAAGGATTACTTGGAGATCAT
TGACGCTACTTTTGATGAGTTGAGCGTGCGGCTGTGCGGCGACACCCTTCCATCCACCGCCTGGCGCTCCCAGTCCGGTAGCATCAGAACTCGGTTTGTCTCCGACAGCGTGGACACCCAAC
AGGCGGGATACACTCTAACCTACACCTTGACTCCCACCTGCCCAACCGGATCCTATGTCTTGAGTGGCTTCGATGATTGTTCTGCGACCTGCGGTGAAGGCACGCGAACTGCAGCTGACCTGA
ACTGTGTGCTTCCAGACTCGAGTATCGGTACCAACAGCGACTGCCCGGGCCTGCCACCATCGCGTGTCCAGTCATGCAACCTGGGAGAATGCCCCGAGTTCTATTTCTTCACTGGGGAATACT
CCAATTGTTCTGTTGAGTGCGGTGACGGTACCCAAACCCGTGTCGTTGAGTGCCGGCGTCTGGACAATGACACCGTTGTGGATGATGGCATGTGTACTGAGGTTAAACCAGACACATCTATGG
CATGCAATCTCATGGCCTGTGTGGATAATGCTTTCGTTTTGTCCGAGACTCCCCAATCCCAGACTGTTGAGTTGGGTGACAGTGGTACTATTCAGAGCCCCAACTTCCCTAATGCGTACCCCAAC
AACCTCAACGCTCAGGTGGTCCTGACCATCCCAGCAAACACTCTCCTGAGGGTCACCATCGATACCTTGGACTTGGTCTTTGAGAGTCCGTGCGCCAACGGGGACTTCCTGAGGTTTTCATCTG
GGTCCAACACGGTGCTTCAAGTTTGCCAGACCACGCAGCTTCCGTTTGATTGGTTCAGCGGTGCTGGCGACACGGAGGTCACAATAGCCATGACAACCAGTGCAACTGTCGCCGGCAATGGAT
TCATGGGCCGATGGACCGTTATCGTTCCACCT

>EBR1|Strongylocentrotus purpuratus|AY341264.1
ATGGCGCCTCGCTGTAGGTCAACGTGGAATACGGCGCCATTCGTCTGTTTCATCCTTACAGCAGTGTTCATTCCAATTACTTTTGCCAAACCTTTCCAACCGGAGGAATTCAAATTATCTCGAAC
AGATGTACTTCACTATACACATTTGCCAGATTATGAATATGTGAAGCCTGTGCGGTTAGGCACCAGACACCAGAGGTCAGTGGAAGAAAGGTCAGTAACCTCCACATCAGAATACTCCGTCGAG
GGATTCGATCACGTGTTCCACATCCAACTCAAACAGACTATGGATCTATTCAACGCTGGTCTCCTAGTGAAGCGAATCAATGAGAATGGTCAGGTCAGGATAGAGCAACCTGAGACAGGGTGTT
ATCATCAAGGTCACGTGAAGGATAGTGAACACACTTCATCGGTATCGCTGAGTACCTGCAATGGATTGGTGGGAATGATAAGAACCCCCGAAGGAGACTTTGTTCTGAAGCCATTGAGAGAGGA
TCACATCGTGAAGATGAAATCATCAGAAAATGAAGTACCAACCCATATCATGTACAAACTATCTCCTGCAGATAGGGCTATCTCTAAAACGAACGCAGAAAGTAAAAGGCCAAAACCATCAGACT
CAGGAAGGCGGGAAACCAGTGGAATAAAATATATCGAAACATCAGTGGTGGCAGACAGTAAAATGTTTGATTACCATGGTGATGATACAGAGTTCTACATCTTCACAATCCTCAACCAGGTTGCT
GGTCTCTTCCGAGATAAAACCTTATCAGCTGATCTTCGATTGCTCGTCACCAGCATCACCATCTTCACAGCACCTCAGAGTAATCTTGACCTGACGGATGAACTATCACACTCTCTGAAGAACTT
CTGTGAATGGCAGAAGGACGAAAAATCGGACATCTCCATTCTTCTCACAAGGCGTGATTTGGAGATCGGTGGCAACGATGCTGTCACAGGCAAATCCAAGGATATTGGTGGAGCTTGTGATCCA
AGCAGACGCTGTATCATTGCCCAGGACCATGGTCCTAGCGGTACCATCTTTACATTGGCTCATGAGATCGGACATAGTTTGGGAATATATCATGATGATTCTGAGAGTGGATGTGCTAATAACAA
GAACATCATGGCTACAGATAACTCTGGGGGCAGTGAAGCGTTCCAATGGTCTCTTTGTAGCAACAAGGATCTTCTTCAGTTCTTGAGCACCTCTGACTCTGTATGTCTTGACGAGACCGAGGGT
GACTTCCCTGCTTATAACAGTGAGGTCATCGTGATGCCTGGTCATTACTATGATGCACTCAAACAATGTCAGATGACCTTTGGCTCTGAGGCTACTGTTGCCGATGGTTACATCTATTCACAGGA
TATGTGTCTGGAGCTGCAGTGTAGGGTTCCAGGTAGATCTGAAGATATCACTAATCATACCCCAGCATTAGATGGAACCAAGTGTGGCACAGGAAGAGGAGTGATGTGTGTTCATGGCCAGTGC
TTGAAGGTTGTCAGCATGTATGACTGTGAAGGAGGAGTATGTGTTCCAGAATGGCTAGTAGGTAGTTATGGTGATTGTCAGTTGGACTGTTTCTCTTACCGTAATGTGTTCTGTGTTGAGCGTCA
GTTAGAAGGCACCACAGTGCTCGTACCTGATGAGAGTAGGTGTCCAGAGGACAAGCCCACTGATAGGGAATATTGCTGTGGACCACAGCCCGTGGGAGAAGCCTCGTACCAGATCTTAAGCG
GTCAATGTTCAGTTACGTGTGGGACTGGTTCTGAGACCCGTGTAGTGAACTGTGTTGATTCGGAAAGCAACATTGTAGATGATTCATTGTGTACTGATGAGCGTCCACCAGAGGTTATAGAGTG
CGCTTCTACCCCCTGTCCTGGGGTTAGCTACGTTCTTTTCTACGATAACTATGGAGAGTGCTCTGTGACTTGTGATACTGGAGTACAGAGCCGTACTGCTTTCTGCGCCACATCTGATGGTACCT
CTGAGTCAGTTGAGATCTGTCGACTCCTCTTCTCATCGGTTGTGACAGAAAGGACTTGTAATCCTGTGCCATGCCAAGGAACAGTGGTTGATACCTTCTTCTACCAAACTTCTCCAAATGGAGCA
TGCTCAGTAACATGCGGTGAGGGCGTTCAGGAGTTAACAGTATTCTGTCAAAGCCTGGCTGGGATGGTTGTTGATGATTTCAACTGTGCCAGTCTGCAAAGACCTGCCTCCTCACAGATCTGTA
CTCAAGAAATCTGCACAGATACTTACAGATATGTTGCTACATCATTCGGAGACTGTTCAGTGTCATGTGGACCTGGTTTGCGTAGCCGTTCAATCTTCTGCGTGAGCGAATCAAACCAAGTCGTA
GACGATTCTTTCTGTGCTGGGTTGGTGAGACAAGTAGAATCAGAAAGCTGTAATCTAACACCATGTACAATCACATATACTTATGAGGTACAACCTTTCCCAGAGTGCACACTCCCATGTGGCAG
CCAATCCTTTGTTAGGGTTGTGTTATGCAGATCATCAGAGGGTGGTGTTGTTAGCAGTACTAACTGTGTTGGTGCTGGCTTGGAAGCCCCTCCTACTACCTTTGACTGTAATCTAGAACCTTGTG
GAAATTATGCCTATGTAGTAGGAGAATATGGACAGTGTTCTGCTACATGTGGCTTTGGTATTCAGCAGCGTTCAGTGGCGTGTGTTGATCTTGACAATGATAACCAGACAGTGAGTAACACTCAA
TGCTCTGAGGCTGCTCCACCATCGGCCATCTTATGTGATCAAGGAGATTGCCCCACAGAGTACACATACCTGACATCCACCTTCTCTGAGTGCAACTGTGCAGGAATCCAGACTCGTTTTGTAG
TTTGTATTACCTTCATGAATGGAGCTCCTGTAAGAGCCACTGATCAGGATTGTACAGACGCTGGTCTACAGCCACCCACTGATTCTCAACCCTGTGAAGCACCAATTACTTGCAATCCAGTCTGG
AGAATCGGTGCATGGAGTCCTTGCTCCGTTAGCTGCGGCAATGGTGTAGAGACCAGAGTTGTATACTGTGTAGAATCTGAGGATTCTAATGTCATTATTCCTTCAACATCATGTGACCCTGCTGC
AGAACCAGCTAGTGTTCAGATTTGTAACCCTGGGGATTGCATAACCTACACATGGGTATCTGAGAACTTTGGTGATTGTTCTGTGACCTGCGGTGACGGTGTCAGAGTACGTAATGTCCTCTGTT
ACGCCATTGCTGGTGGTAATTTTGAGCCTGTCGTAGGTTCTCTCTGTAATCCTTTGTTAGAACCACCCAGTGAAGAGATCTGTGATCTAGAAGACTGCGGAGGAGTCTATGAAGCTACACCATG
GAGTGCATGCTCCGTGACCTGTGCCCTTGGTGTCCAAACCCGTGGAGTGTCGTGCGTGACCAGGAAAGGATCCGGTGTTGTGATTGACGAGATGGACTGCTCTAACATGACCCGCCCCTCAG
AGTCGAGGGAGTGCTACCTAGATCCCTGTCCTCTACCTTATGGTTGTGACCAGAGTTACCCCACTGAGGGCAGTACCACCTACACTCTGCAGAGTCCTGGATACCCAGCTGATTATCCTGCTGA
CCTGGAATGCAGTAAGATCTTGGTAGCTCCTGAAGACTTCATCATCAGGATCACATTCACTGACTTGCTGCTTGAACCAGGATGTAATTATGATGCTGTTAGGCTTGTTGATCTGCAAACCAACA
GCGCTAACAGTCTTTGTGATGAAGTTGCTCTCCCCTACGTTTATGAATCAACCAGTCCAATGCTGGAGGTGCTCTTTCTAACTGATGCCACTGTGAATATGAGGGGTTTCTCTGCTACCTACCAA
GCAGTCAGAGCTATGTCACTAGATTACATGACTGGCGAATGGGGAGAGTGTTCCGTAACCTGCGGAGTGGGTACCGAATCCCGAGACGTGACGTGTGTCGAGGAAGGTGTCGAGGTGGACGT
TTCAACGTGTGCTGGTCTCCCAGTCCCACCTGCTACCCGTTCATGTACTCAGGAAGACTGCCCTCTCCCTGGAGCGTGCGGAGAGAACATTTTACGCTTAGCACCAGGATTGGTGACCAGCCC
TAGGTTTCCCCGTTCATATCCTGTGAATGTTACCTGTGTGAATACCATCCGTGCTCCACCAGGAAACGTCATCTCCTTTACGATTGGATTCCTTGTATTTATTAATGGAGGTGTACCATGCCAAGA
GGGTGATTCTGTTACGATCCAAGATACGAGTTCAGGAGAGCCAGTTATATCCTTATGTCAGAGTACTCCTGCAGATATCATCTCATTGACCAATGAAGTTACCTTGACCTTTGTCAGTGATGGTAA
TCCGGCACCACAAGGAACTGGCTTTACTCTACAATATTTCTCTGTTTCACCTGAAGTTGATATTTGCGGAGGTAACATCACCACATCTGGACAGCCGATCTATTCTCCAAACTATCCTGCAAATTA
TGACGACAATGTGACGTGTGTTACCGATATCACCAACGATGAAGGCTGTATCAGCATTGAGTTCTTGATGATGGATATTGATAACGGAGACTATGTGAATGATACGTGTATGGAGGACAGCCTTA
CAATAACAGACTATAACAATCCATCTCTAAGTCGGACAAACTGTGGTGACAGCACTCCAGAATCACCCTGGCTTTCTGCATCAGGCAATGTAAAGGTGTCATTTACAAGCAACGGTGCAAACTCC
AGCCAGGGCTATATCGCTATCCCAACATTTGTTGAATGCCCACAAGCATTCTGGGTTCCACTGCCATTCGGCAATTGTTCAGAAATCTGTGGTGTTGGTAACAGGACCAGAGAGCTGGAATGTG
TTAATGCGTTAACCAATGAACTGACCGGCCGTGATGAGTGCCCTGATGAAGAGCCCCCGACTACTGAGCCTTGCTTCATAGAAGAATGTCCATCCTGCGATGTAAGCATTACTGCGGGTAATTC
ACAAATCACCTTCCCGATGAGTAATGATTACTATTTGTACAACGATGAATGTACTCTGACCATCACCAACGAGAATGGATGCATGATGCTCTTCTTTACATCTCTGGACATCGATGAGGGCTTGG
GAGACACGTGTTACAATGATTATCTAATGATCTTTGATCCTATTAACGTATATGCTAATGAGCCTTACTGTGGAAATGCCATCAACACCATGCCCTACAAGACCATTGGCAACACGGTAGAATTGA
CCCTAAGAACAGAAGATGCTGAGCGTTTCAAGAGCTTTGAAGTCTTTCCTTCATTTGGATCCTGTACTCAATATGCTTTCATACCTGGTCCATGGAGTGAGTGTTCCTTATCATGTGATGGCGGT
GTAAGGACCCGTGATGTTTTTTGTATGAATCTTGCCACCCGGCAAACGGATCGAGAAGCACTGTGTGAAGGCTCACCCTTTTATGAACCCATGGAAGAGTGTAAT
ACAGAGGAATGCCCTGTTTGTTCAGAGGATGTGACACGTCCTGGGGTGATTGTAAGCCCTGGTTTCGGTACAGAAGATCATTATGGGAATTATGATGGTTATGATAACAACCTCAATTGCATCTA
CAACATCACAAACCCTAACTCTACTGAATGCATCACTGTCTCATTCATCTCATTTGACCTGGGTCAACCAAGCGAGAACTGCTCCGATTATGTCCAGATTACTGACACAGAAGGAGGTGTAGATT
TTCTATATTGTGGGCTACCTGAGAACACCACAGCTCCTGTCTTTTATTCTCGCTCTGCGAACGTTGAAGTTGTCTTTAGGACAGGTGAAGATGAAAGGAATGATGGATTTGAAGGCCTTGTCGGT
TTTGGAACGTGTCCAGAGTTTGGATTCGGCGCTGGTAACTTTAGCGAGTGTTCCGTGACTTGTGGAGAAGGTGTTGAATACCGTAGAGTAGGATGTACACGATTGTCTGATAGTCAACTGGTCA
CCGATGACTTCTGTAATGACCAAAGGCCATCTGATTCAAGACCATGTAGCTTACCGGAATGCCCATCATGTGACATGGTACTGACTGAGGAGGGAATCTTTACCAGTCCTAATAGTCCAATGAAC
TATGAGGACGACATGGAATGTGAATATACTCTCATCTCTGGTGAAGACCAATGTATTCGTGTCTCATTCCTTGGAAGATTTGAACTTGGACTGACCAATGGTGATTGTGAAGCTGGTGATTATATT
GAGCTTACTGACGAGAATTGGGAGTATCTTGATGCTACTTACTGTGGTGGCAGCTTGCCACCTGTATGGCGCTCCAGGTCTAATGAGTCATCTCTCACTCTCTACACCGATGGAGTAGATACCTT
CAGGGGATTCTCTGCTTACTTGGCCTTTGTTCCATGCCCGCAGTATGGCTTCACTGTTGGAGAATATGGAGAGTGTGATGTGTCTTGTGGAAGCGGTGTTCAGACGCGTGAAGTGGAATGCACT
GATCTCACAACACAAGAAAGTGTAGCTATGGGACTGTGTACGGACCCCATGCCTCCCAGCACCACAGAGTGTAATGAAGAACCATGTGCTAGTTGTGATGAAACCTACACAAGCCCTATTGGTA
CAATTAAGCGAGATGTCTTCATGGAAAATGAAGAATGTTTGTACAATGTGACGGCTCCAGAAGGACGGTGTGTACGAATCATTGGTAGCTGGGATCTCTCTCCTTTACCAAGCGGAGAAGGAGG
TGAATGTCTGGGTGATTCTATCACGATTGTTGATGCTGCATACCCATTCCGAGTTATCAGTCTCTGTGGTCGAGATAATGGTCAACTTCAAAGCTATGGTTCAACTGCTTTGATCTACTTTAAAAC
GGACGATGAAGATCAAGGAGGAGAATTCCAGCTTTTCTTCGTATTTATCACATGTCCAGAATATGGCTTTATCGCTTCTAATTTTTCAGAGTGTTCTGTGTCATGCGGAGAAGGGTTCCGTACTCG
TGATGTGTTATGTACTCGACTGGAGACTGGGGAGAATGTGAGCCGTGATAACTGCGATGAAAACGAGATCCTACCGAACATTGAACCCTGCAATGAACAACCATGCTTAGATTGCAACATGTTTT
TCGGCGATTCTGCATTATTTGAATCACCTGGGTTTCCTAGTGAATATCCTGAGAACCTGCAATGCGTCTATGACTTTTATAACATAAACGATGAGTGCTGGAGAATTACCGCTTATTACTTTGATTT
GCAGGATAAGGAGAATGACCAATGTCGAGATAGATTCTTTGTTGAGGATGTAGGCTTTGCAGGACGTGAACCCTACATAGCATGTGGTCAAGAGTTTTCACCAGTCCTGTCTTTCTCTAGAACCA
TTCGCATTACCTTCTTTTCCGATGATAAGTATAGTGGCAGGGGATTCAGTGCCGTGGCTAGAAGTGAAGCCTGCCCTGTGTATGGATTCCTGACAGGGCCATACAGTGAAGAGTGTTCAGCGAC
ATGCGGTGAAGGAGTAGTGTACAGAAATGTAACGTGTCAAGATCTGATGACCAGAGCGGTTGTCAATGATTCTCTTTGTAGTGAACTAAGACCTTCAGAGATAAAGCCTTGCAGACGGGAACCT
TGCCCATCTTGCGATACGTTCATCGTCCAAGATGCCCAGTATATCTCTAGTCCCAACTACCCACAACCATATGACAATGACGGGAATTGTACCACAATCATTGTCGCTCCAGAGGGGATGTGTAT
CAATCTCTTTTTCATCTCTTTTGAGCTTCAAGAACCGGACATGTATGCTGGTTGTGTTGCATCAGATTTTCTCGCGATCACTGACCTCATCTTAGCGGAAGATCCATACTTTGCTTTGGACCAGGC
CTATTGTGGGAACCAAGAGAACTTTCTCTGGTTCTCTACTCAAAATTTGGCTGTCTTGAGTTTCCTTTCCAATGACGAAGGCGTTTATCCTGGGTATCAGATCTATTCAACTTTTGTCGACTGTCA
GCAATATTTCTATTTGGTGACACCATTTGAAGAGTGCTCTGTTACTTGTGGCTTAGGGGAAGTGAGACGTGACATTTTTTGTGTGGACAGATACACCAACGACACTGTATCTGATGATCAATGTG
CAGGGGATGTGCGCCCTATTGAGTTTTTGCCATGCTATATAGACAACTGTCCAGTAGAAGGATGCCCAAGTGATCAGAACGTCACCACAGACATTGGGAATGCTACAGCTGTAGTATACTGGAC
ACCACCTACACCACCACCAGATTACTCTGTTAACAAGACATCCACTAACAATCCTGGAGATGACTTCCCTATTGGAAACAACACAGTAACCTACTCTGCAAGTGATGATGAAGGAAATACAGAAA
CATGCACCTTCTTTGTAGTTGTGTCTGATAATGAGATTCCAGTCATTAGTGGATGCCCAAGTGATCAGAATGTCACAACAGACATTGGGAATGCTACAGCTGTAGTAATCTGGACACCACCTACA
GCAACAGATAACTCTGGTAGCCAGACACTGACATCCACTAACAATCCTGGAGATGACTTCCCTATTGGAAACAACACTGTGACCTACTCTGCAAGTGATGATGCAGGAAATACAGAAACATGCAC
CTTCTTTGTAGTTGTGTCTGATAATGAGATTCCAGTCTTTAGTGGATGCCCAAGTGATCAGAATGTCACAACAGACATTGGGAATGCTACAGCTGTAGTAATCTGGACACCACCTACAGCAACAG
ATAACTCTGGTAACCAGACACTGACATCCACTAACAATCCTGGAGATGACTTCCCTATTGGAAACAACACAGTAACTTACTCTGCAAATGATGATGCAGGAAATACAGAAACATGCACCTTCTTTG
TAGTTGTGTCTGATAATGAGATTCCAGTCATTAGTGGATGCCCAAGTGATCAGAATGTCGCCACAGACAGTGGGAATGCTACAGCTGTAGTAATCTGGACACCACCTACAGCAACAGATAACTCT
GGTAACCAGACACTGACATCCACTAACAATCCTGGAGATGACTTCCCTATTGGAAACAACACAGTAACCTACTCTGCAAATGATGATGCAGGAAATACAGAAACATGCACCTTCTTTGTAGTTGT
GTCTGATAATGAGATTCCAGTCTTTAGTGGATGCCCAAGTGATCAGAATGTCACAACAGACATTGGGAATGCTACAGCTGTAGTAATCTGGACACCACCTACAGCAACAGATAACTCTGGTAGCC
AGACACTGACATCCACTAACAATCCTGGAGATGACTTCCCTATTGGAAACAACACAGTAACCTACTCTGCAAGTGATGATGCAGGAAATACAGAAACATGCACCTTCTTTGTAATTGTGTCTGATA
ATGAGAATCCAGTCATTAGTGGATGCCCAAGTGATCAGAATGTCGCCACAGACATTGGGAATGCTACAGCTGTAGTAATCTGGACACCACCTACAGCAACAGATAACTCTGGTAACCAGACACT
GACATCCACTAACAATCCTGGAGATGACTTCCCTATTGGAAACAACACTGTGACCTACTCTGCAAGTGATGATGCAGGAAATACAGAAACATGCACCTTCTTTGTAGTTGTGTCTGATAATGAGA
ATCCAGTCATTAGTGGATGCCCAAGTGATCAGAATGTCACAACAGACATTGGGAATGCTACAGCTGTAGTAATCTGGACACCACCTACAGCAACAGATAACTCTGGTAGCCAGACACTGACATC
CACTAACAATCCTGGAGATGACTTTCCTATTGGAAACAACACAGTAACCTACTCTGCAAGTGATGATGCAGGAAATACAGAAACATGCACCTTCTTTGTAGTTGTGTCTGATAATGAGATTCCAGT
CTTTAGTGGATGCCCAAGTGATCAGAATGTCACAACAGACATTGGGAATGCTACAGCTGTAGTAATCTGGACACCACCTACAGCAACAGATAACTCTGGTAGCCAGACACTGACATCCACTAAC
AATCCTGGAGATGACTTCCCTATTGGAAACAACACAGTAACCTACTCTGCAAGTGATGATGCAGGAAATACAGAAACATGCACCTTCTTTGTAATTGTGTCTGATAATGAGAATCCAGTCATTAGT
GGATGCCCAAGTGATCAGAATGTCACAACAGACATTGGGAATGCTACAGCTGTAGTAATCTGGACACCACCTACAGCAACAGATAACTCTGGTAACCAGACACTGACATCCACTAACAATCCTG
GAGATGACTTCCCTATTGGAAACAACACTGTGACCTACTCTGCAAGTGATGATGCAGGAAATACAGAAACATGCACCTTCTTTGTAGTTGTGTCTGATAATGAGATTCCAGTCATTAGTGGATGC
CCAAGTGATCAGAATGTCGCCACAGACATTGGGAATGCTACAGCTGTAGTAACTTGGACACCACCTACAGCAACAGATAACTCTGTTAACCAGACACTGACATCCACTAACAATCCTGGAGATG
ACTTCCCTATTGGAAACAACACTGTGACCTACTCTGCAAGTGATGATGCAGGAAATACAGAAACATGCACCTTCTTTGTAGTTGTGTCTGATAATGAGAATCCAGTCATTAGTGGATGCCCAAGT
GATCAGAATGTCGCCATATCCATTGGGAATGCAGCTGTAGTAACCTGGACACCACCTACAGCAACAGATAACTCTGGTAACCAGACACTGACATCCACTAACAATCCTGGAGATGACTTCACTAT
TGGAAACAACACAGTAACCTACTCTGCAAGTGATGATGCAGGAAATACAGAATATTGCACCTTCTTTGTAGTTGTGTCTGATTGTAACTACACCATCGATGGAGCATCCATGGTCTCAGGAAACC
TCTCAAGTCCTAACTACCCTAACTCATCACCCAGTGGACTATCCTGTCCTATTACTTTCATCATACCCCAAGGGACTGTGCTGAAC
ATCATGATCGTTGAATTCAACCTCGATGCTAGCTGCTCGGAGTATATTAAGTTGACTGCTAATGTAGCAGGAGAGACGAACTTCTGTAGCAACGATATAACTTTACCAGCAAGTGCGACCTACAC
ATCGGATACTATGGTGTCTTTCCTCTATGTAACTGATAATGATGACAGCAACACACCTTACTACTTTGCTGAATGGCAGTTTATCACAGTTTAGGCTCAGACCTGACTTTTACCAGGATGTGGGTT
GGCTGTGAACTTCTAACTAGAGGAGGAGAGACAACTTTTCTTATGCTATTTATTGGAAATATAATGCACAAACAATAGTGGCTAATACATTCCCAGGAAAATTTTGTAAATTTGTAATGATATATTAT
TTGATGAATATTGTGCCCTCTGTGTACCTACATGTATGTGTATTTTATTGTATTTGGCATATATTACTTTTTAACTCTGTTTTACTACGGACAGGGTATAAAGCAAAAATATGATTATTGGGAATACC
ACAAAAATATGAAAATCATGATCTATGTTTGGAACTATAGATATATATATATATATAATCTCTGTATTAATTTGACTCTATTTTTTTTCTCTAGACATCTTCTTTATATACTAAAAGGAAATAATTTCTA
GACATAAATTAACAATTTTAAACCATTGACATTTTAATATGTAGTGCTAAATGATTTTATTTCTCATATAATTAAAATGACCTTGTATGCTCTTATGGCTGTATCTTCTTCTTTCTCATGTCTTTCAAAA
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TAAATTATAGGTGTTGGGTTTTTTAGCATAGGATTTAACCTCATAGTCATGTTCGCTTTATAATGAAAACATTTACCGGTATTATGTATTGTCCAAGTGTTCTTAACAGACTTAAAAAACAAGAAGCA
TTTTTAAATGTGAAATATATCCTTAAATTTATGACATGTGTATTTTACTGTATCACACATATCATTAGTGCTACACATTATCACCTAACATTTGATTATTGAAATSATTTTTTAAAAAGTGATGTCGGAA
TACCATTTAATTGTGTGATGATTGCCATGATCTGCATGATTCTATCAATAATTGAATCTCTAATCATTCTTTGGTCATCCATTCAACCTGATGACTTTAATTTTGTGATACATGTATGTGTAACTC
>Guanylate_cyclase| Acanthaster-cf-solaris|TRINITY_GG_5645_c11_g1_i2
TTAGTCCTTCCATACTTGATAATGAGGCGTTTGCTTCTGGCTATCATTCTGGTAGCCAGTGCATGGGTATCACACGGAACAGACTTCAAGATCGCCCTTCTTGTACCTTTCACGGACCCACAGAA
TGGTAATATCCAGGCCATTGGAGATCCCATCGCTGGCGCCTTCCCACTAGCTGTTGAGGACATTAACAACAGTCCAAGCATCTTACCTGGGCACACACTGACTTGGGAATGGGTGGATTCGCA
GTGCGACATCAACGTGGGTATGGAGGCCATCGCGGATTTCTGGAAGCGTGGATTCGTAGGCGTCATAGGGCCCGGCTGCTCCTGTGATTATGAAGCTCGACTTGCCGGTTCCGTCAACTTTCC
ACTGTTCGACTACGGATGCGACGAAGCAGCTGTTTCCGACAAGCTACTCTATCCAACCTACGTGCGGACCCTTCCACCGAGCACGCGTGTTGCCGATGCGTTGGTCATTACCATGCAGATGTT
CAACTGGGATCAGGTGACCGTGGTCTTGCGTAATCATTCAATCTGGCATCAGGTCTACAGTGTAGTTTCAGCTCAGTTCAAGGAAAACAACATAACTGTTCAGCATGAGGAGATTTTCGAGTCTG
GTTTCATTCCTTACAATGACTCCACACCTGATCCTTTCCCAGACATCATTCGCCGCACCAAGGAAACCACTAGAATCTACATCTTTCTCGGGGAAGTGTATGAGTTGCGTAGTTTCGCCATAGAC
GCTTATGACCAGGGATTAACCAACGGAGAATACGTCATTGTGGGAACGTCTGTTGACCACAAGATGCGAACCACTCAGAATTGGCACAGTATGAGCTATATTGGCTGGGGTACCTTTGAAGACG
AGAAGGCAATCAAGGCATTCGAGGCGGTACTGATCGTAACTCCCAAGGGACCTAAGAAGACCTGGGTGTACCGAGAATGGATGTGGAATGTCAAGGCAACTGTCAGGCTCAGTCCGTTCTTTG
GGACCGGTCGTTATTTCCACACATTTGCTGCTTTTTTGTACGATGCTACCATACTCTTCGCCCAAGCCCTGCAGGCAACACTGGACGCAGGGGAGGATCCTTATGACGGCCAACAAATTGTCAG
TCACATCTTCAACACACCCTATCAGAGCATTTCCATGCTAAACAACCAGATAGATCATACGGGTGATGGCGTGTCGAGGTTCGTTTTGCTTGATATGAACAGATTGCAAAAAGCTGACGACTACC
TGATTGCTGGCTTCCCAGGCATGGTTGGAGTGGGGGAATATATCCGGACCATTGACGGCAAATGGACTTTCAATAGAACTGATGACTACGATCTGGACATCCACTGGCCCAACGACATGGGCC
CTCCACTGGATATGCCTGTTTGTGGCTATTTTGGCGAACTCTGTCCAAGATACGGGCTGTACTTCGGTGTCGGGATACCAGTGGTCTTACTAATATTCGGTCTTACCGCCGCATACTACATTTAC
AGGAAACGCAAATACGAGAGCGAGCTGGACAGCTTAGTGTGGAAGATTGACTTTGAGGAAGTTCAAGCAAAAGGTGGCCAGACTAATAAGTCGGGAGTCTCCATGAAGAGCATGGTCATGAGT
ACAATATCCGTTATGACGAACCAAGAAACTCAGCAGATCTTCGCCAGGATTGGAACCTATCGCGGTAACGTTTGTGCCATTAAAGCCGTCCACAAGAATCACATCGATATCACCCGGGAGGTTC
GGAAGGAACTCAAAGCGATGCGCGACGTTCGTCACGACAACGTGTGCCAGTTCGTAGGAGCCTGCATTGATCGACCACACATCTGTATCTTGATGACATATTGCGCTAAGGGTAGCTTGCAGG
ACATTCTGGAAAACGACGACATCAAGCTCGACAACATGTTCCTGGCCTCGCTGATCGCTGATTTAGTGAAAGGTATGATCTACCTACATACCTCCCTGATCGAGTCACACGGTAACCTGAAGTCA
TCTAACTGCGTAGTAGACAACCGATGGGTGTTGCAAATAACTGATTATGGATTAGAACAATTCAAGAAAGCACAAGCAGAGGATCCAGACATGACTGATGACGTGCGATACAGAAATATGCTTTG
GAAGGCCCCTGAACTTCTGCGGATGGGTGCAAAAATGCCAGCACGCGGTACCCGAAAGGGTGATGTGTACTCCTTCGCTATCATCCTAACTGAGATGTATTCCCGTGCCCAGCCCTACCATCT
AAATGACGAGGAGCCTGAAGAAATCATTAAGAGACTTAAGGCAGGGTCTATTCCACCGTATCGCCCGCTACTAAATGATGTGAACGAGAGCGCACCTGAGTGCGTACTGAAAGCCATCCGCCA
ATGCTGGGAGGAGGAGCCAGAGGATCGACCGGATTTCTTCGGAGCTCGTACCATTTTGGCTCCTCTACAGAAAGGACTGAAACCAAACATCATGGATAACATGATTACTATTATGGAGCGGTAC
ACCAACAATCTAGAGGAGCTAGTGGATGAACGTACAGAGGAGTTACAGCGGGAGAAGGCAAAGACAGAACAACTATTACATCGCATGTTACCACCTTCCATTGCATCGCAGCTGATAAAGGGG
ATCTCTGTTGCTCCTGAAGCCTTCGACATGGTTTCCATCTTCTTTTCCGATATCGTTGGCTTCACTGCTCTCTCCGCCGCCAGTACACCCATTCAGGTCGTCAATTTGTTGAATGCTCTGTACACG
CTCTTCGACGCCATTATTTCCAACTATGACGTATACAAGGTGGAAACCATCGGTGATGCCTACATGTTGGTGTCAGGCCTTCCAATCCGCAACGGTAACCGTCACGCTGGTATGATCGCCTCAG
CTGCTTGGCATCTCTTGGAGGATGTTTCAACATTCGTCGTACCACACAAACCGGAAGAAAAGCTCAAACTCAGAATTGGTATTCACTCAGGAAGTTGCGTGGCGGGTGTAGTTGGCCTGACAAT
GCCTCGTTATTGTCTCTTCGGTGACACAGTGAATACAGCGTCTCGTATGGAATCTAATGGGCTCGCGCTCAAGATTCATGTCAGCCCCGAATGCCGACAGGTACTAGAAGAAATCGGTGGATAT
GAGCTAGTAGAAAGGGGTCTCGTTGCCATGAAGGGAAAAGGTGAAATTCTGACGTACTGGCTTGTGGGACAAGATCCAAGTTACAAGATCGAAAGAGTCAAACCGCCCAAACAAAATCTG
>Guanylate_cyclase|Asterias_rubens|DQ992550.1
CTTGTTGCTGGATATGTTTGGGTCGCCTTGGGTACAAACTTTAAGATCGGTTTGCTCGTGCCACTCACTGACCCACAGACCGGTAACGCCAGCGGCTTTGGAGACCCCGTGGCTGGAGCTTTT
CCAGTTGCTGTCGATGACATCAACCTGAACCCCGCTATTCTTCCAGGTCACACCGTATCCTGGGAATGGGTGGATACAAAATGCGACATCAATACCGGCTTGACTGCCGTCTCGGACTGGTGG
AAGCGTGGGTTCGTCGGCGTCATCGGCCCCGGCTGCTCGTGCGACTACGAAGCTCGCCTCGCTGGCTCCATCAACTTCCCGATGTTTGATTATGGATGCGATGAGGGCGCTGTTTCCAACAAA
CTGCTGTATCCAACCTTCATCCGGACTCTGCCTCCCAGCACGCGTATCGTGGACGCCTTAATCGTCTCTCTGCAGAAGTTTGACTGGGATCAGGTGACGGTTGTTTATCGAAATCACTCCATCT
GGACCAACATCCTCAATGCGATGAAGGAGGAGTTTGAGGTGCATGAAATCACTGTTCAGCACCAAGAGGTGTTTCAGACGGGCTTCGTACCCAACAACGATTCCATCATAAACCCATTCCCGGA
GATTTTCACTCGGACCAAGGAGACAACAAGGATTTACGTGTTTCTCGGTGAGATGATCGAGCTTAGGAGTTTTGCAATGGCTGCGCTGGACGAGGGTCTCAATAACGGAGACTACGCCCTCTTA
GGCATGGCCATAGACCACAAGATAAGGAGATCTCAAAACTGGCATAGCTTGGATTTTCTTCACATGGGAACCTACTTGGACGAGAAGGCAGCTAAAGCAATGGAATCCGTGTTGATCATAGCGC
CGAAGACTCCCAAGTTTACCTTTGTCTATAAATCATGGAATGTGAAGGTCCGAGACAGTGTCCAGGGAGCTCCTTTCTTCCAGACTGGCAGAGAATTCCACACCTTTTCTGCGTTCTTGTACGAT
GCTACGATTCTCTTTGCCAAGGCACTCGAGGAAACCTTGGCCGCTGGGGAGGACCCGTTTGACGGCGAGGCGATAGTCAGCCACGCCATGGGAGTTCAATACCAGAGTATCTCAATGTTGCA
GAATGGGATAGACGAATCTGGGGATGGTATATCTCGCTACTTGCTGATGGATATGAATGAACTACAAGAAGCCGATTCGTGGCTCACGGCTGGATATCCCGGCGTTATCGGTGTGGGGGAGTT
CATCCGGAACAGCAATGGACGTTGGACATTCAACGCAACAGACGACTACAACACACCAATCAAATGGCCAAACGACGCAGGC
>Guanylate_cyclase|Aphelasterias_japonica|DQ992552.1
CTTGTTGCTGGATATGTTTGGGTCGCCTTAGGTACCGAGTACAAGATCGGCTTGCTTGTGCCTCTGACTGATCCACAGAACGGTAACGCCAGCGGCATTGGAGACCCCGTCGCAGGAGCTTTT
CCAGTTGCAGTTGATGACATCAACATGAACCCAGCAATCCTCCCAGGTCACACCATATCTTGGGAATGGGTAGACTCAAAATGCGACATCAACACCGGCTTGACGGCCGTCTCCGACTGGTGG
AAACGGGGGTTCGTGGGTGTCATCGGGCCGGGCTGCTCCTGCGACTACGAAGCTCGCCTCGCTGGTTCAATCAACTTCCCGATGTTTGATTATGGGTGTGATGAGGGCGCTGTTTCCAACAAG
CTGCTGTATCCAACCTACGTCCGTACCCTGCCTCCCAGCACACGTATCGTAGATTCCGTGATCATCACACTACAGATGTTTGATTGGGATCAGGTGACGGTTGTTTACAGAAATCACTCCGTCTG
GAACAACATCTACTATGCCATGAGGGAAGAGTTTGAGGTGAACAAAATCACCGTTCAACACGAGGAGGCTTTCCAGACGGGCTTTGCACCCAACAATGATTCCATCACAAACCCCTTCCCAGAG
ATCATCACTCGGACGAAGGAAACAACCAGGATTTACTTGTTTCTCGGTGAGATGATTGAGGTTCGGAGCTTCGCTATGGCCGCACTCGACCAGGGTCTCAACAACGGCGACTATGCAATCATAG
CCATGGCCATAGACCACAAGATCAGGAACACTCAAAACTGGCACAGCTTGGACTATCTTCACATGGGAACCTACTTGGACGAGAAGGCAGCTAAAGCGATGGAGTCTGTGCTGATAATAGCGC
CAAAGGCTCCAAAGTTTACCCTTGTCTACAAATCGTGGAATGTTAAGGTCCGAAACAGTGTCAAGGCAGCTCCTTTCTTCCAAACTGGCCGGGAATTCCACACCTTTGCTGCGTTCCTGTACGAT
GCTACAATTCTCTTTGCCAAGGCGCTTGCGGCTACTTTGGCGGCCGGGGAGAGCCCGTTTGACGGCGAGGCCATCGTCAGCCACGCCATGGGAACGCAATATCAGAGTATATCAATGTTGCA
GAATGAGATAGACGATTCGGGAGACGGGATCTCACGGTATATTCTGATGGATATGAACGAACTGCAAGAATCTGACCAGGGACTCACGGCTGGCTACCCCGGCGTGATCGGTGTGGGAGAGT
TCATTCGCAACAGCAATGGACAATGGACATTCAATAGAACAGATGACTACGATGTACCAATCAAATGGCCAAACGACGCCGGC
>guanylate_cyclase|A.amurensis|AB070354.1
ACTTCGGCACGAGTCGACGGGAAAATGGTGGGCTAAATCTTTATCGTGGTAGTCATACACAAATTTTTCAAATAATTCGAACGGGTAGCCTTAGCAATTATGAGGTGTTTGATGCTGTCTGTCGT
TCTTGTTGCTGGATACGTTTGGGTCGCCTTGGGTACAAACTTTAAGATCGGTTTGCTCGTGCCACTCACTGACCCACAGACCGGTAACGCCAGCGGCTTTGGAGACCCCGTGGCTGGAGCTTT
TCCAGTTGCCGTCGATGACATCAACCTGAACCCCGCTATTCTTCCAGGTCACACCGTATCCTGGGAATGGGTGGATACAAAATGCGACATCAATACCGGCTTGACTGCCGTGTCGGACTGGTG
GAAGCGTGGGTTCGTCGGCGTCATCGGCCCCGGCTGCTCTTGCGACTACGAAGCTCGCCTCGCTGGCTCCATCAACTTCCCGATGTTTGATTATGGATGCGATGAGGGCGCTGTTTCCAACAA
ACTGCTGTATCCAACCTACATCCGGACTCTGCCTCCCAGCACGCGTATCGTGGACGCCTTGATCGTCACTTTGCAGAAGTTTGACTGGGATCAGGTGACTGTTGTTTATCGAAATCACTCAATCT
GGACCAACATCCTCAACGCCATGAAGGAGGAGTTTGAGGTGCATGACATCACTGTTCAGCACCAGGAGGTGTTTCAGACGGGCTTCGTACCCAACAACGATTCCATCATAAACCCATTCCCGG
AGATTTTCACTCGGACCAAGGAGACAACAAGGATTTACGTGTTTCTCGGTGAGATGATCGAGCTTAGGAGTTTTGCAATGGCTGCGCTGGACGAGGGTCTCAATAACGGAGACTACGCCATCTT
AGGCATGGCTATAGACCACAAGATAAGGAGATCTCAAAACTGGCATAGCTTGGATTTTCTTCACATGGGAACCTACTTGGACGAGAAGGCGGCTAAAGCAATGGAGTCCGTGTTGATCATAGCG
CCGAAGGCTCCCAAGTTTACCTTTGTCTATAAATCATGGAATGTGAAGGTCCGAGACAGTGTCCAGGGAGCTCCCTTCTTTCAGACTGGCAGAGAATTCCACACCTTTTCTGCGTTCCTGTACGA
TGCTACGATTCTCTTTGCCAAGGCGCTAGAGGAAACCTTGGCCGCCGGGGAGGACCCGTTTGACGGCGAGGCGATAGTCAGCCACGCCATGGGAGTTCAATACCAGAGTATCTCAATGTTGC
AGAATGGGATAGACGAATCCGGGGATGGTATATCTCGCTATATGCTGATGGATATGAATGAACTACAAGAAGCCGATTCGTGGCTCACGGCTGGATATCCCGGTGTTATCGGTGTGGGGGAGT
TCATCCGGAACAGCAATGGACGTTGGACATTCAACGCAACAGACGACTACAACACACCAATCAAATGGCCAAACGACGCAGGCCCACCTCTAGATATGCCGGTCTGCGGCTATTTTGAGGAGT
TTTGTCCAAAATACGGTTTGTACTTCGGGCTCGGTGTCCCTATTGTGCTTCTGATCGTCGGATGTGCCGTGGGATACTTCTACTACAGGAAGATCAAGTATGAAGGGGAATTGGACAGCTTGGT
GTGGAAGATCAACTTTGACGATGTGCAGGCAAAAGGAAAGGATACGAACAAATCTGGTATTTCTATGAAAAGCATGGTTATGAGCACCCTGTCCGTCATGACGAACCAGGAGACTCAACAAATC
TTTGCCAGGATCGGAACATACCGCGGGAACATCTGTGCCATCAAAGCCGTCAACAAACATAGCATTGATCTCACCAGGACCGTTCGCCAGGAACTCAAAGCAATGCACGACGTACGTCACGAC
AACGTTTGTCAGTTCGTCGGCGCAAGCGTGGACTCTCCTCACGTGTGCATTTTGATGACGTACTGTGCCAAGGGGAGCTTGCAGGACATTCTGGAGAATGACGACATCAAGTTGGATAACATGT
TCCTAGCGTCTATGATTGCTGATCTGGTGAAGGGAATGATCTATATTCACACGTCCATGATCGAATCTCACGGCAATCTGAAATCATCCAACTGCGTGGTGGATAATCGCTTCGTACTCCAGATC
ACCGACTACGGTCTGCATGAGTTCAAGAAGGGGCAGGGTGAAGACCCCGACTTGCCGGATGATGTCCGGTACAGGAATCTGTTATGGCGGGCCCCCGAGCTCCTTCGAATGGGGAAGAAGAT
GCCGCTAGCCGGTACACCAAAGGGAGACGTGTACTCGTTTGCCGTCGTGCTTACGGAGATGTACTCACGTGCAGAGCCCTACAACTTGAACGACGATGAACCGGAAGAAATTGTGGAGAAAGT
TATGGCTGGTTCTATCCCACCTTATCGGCCGTTGCTGAACGATGTCAACGAGAAAGCTCCTGAATGTGTACTGAAGGCGATCCGATCTTGCTGGGGTGAGGACCCAGTGGAACGCCCGGACTT
CTTCAAGGCCCGCACCATGCTTGCTCCGCTGCAGAAAGGATTGAAACCCAACATCATGGACAACATGATTACCATCATGGAGCGATACACCAACAATCTTGAGGAATTAGTTGATGAGAGAACT
CAAGAGCTACAGAAGGAGAAGGCGAAGACTGAGCAGCTGCTTCACCGCATGTTGCCTCCATCGATTGCCTCCCAGCTGATCAAAGGCATTTCAGTGGCACCTGAGGCATTTGACATGGTCACC
ATCTTCTTCTCAGACATCGTCGGGTTTACCGCCCTCTCTGCCGCCAGCACGCCCATTCAGGTTGTTAACTTGCTGAATGCTCTATACACGACGTTCGACGCCACCATTTCCAACTATGATGTATA
CAAGGTGGAGACTATTGGAGACGCTTACATGTTGGTGTCTGGCCTGCCGCTACGGAATGGCAACCGACATGCCGGTATGATCGCCTCGGCTGCTTGGCATCTGCTGGAGGAAGTGACTACATT
CGTCGTTCCTCACAAGAGGGACGAGAAACTCAAACTTAGGATCGGAATACACTCTGGTTCTTGCGTTGCTGGAGTGGTGGGTCTAACTATGCCACGCTACTGTCTGTTTGGTGACACCGTCAAC
ACTGCCTCGCGTATGGAGTCTAATGGACTCGCCCTGAAGATTCACGTGAGTCCAGAATGCAGGCAAGTGCTTCAGGAGCTTGGCGGCTACAATCTTGTGGAGAGAGGGTTGGTTGCCATGAAG
GGCAAGGGTGAAATTTTGACATACTGGCTTGAAGGTCAAGATCCAAGTTACAAGGTGGAACGAAATAAGCCACCCAAACAAGACCTGTAAACAACAACAAGAAGAATCCCAAAACAACAGCAAA
AGCAACAAATAAGAACCGGAAATAAAATTTACCCAACAACGTTTTGTCTACACAACTGACATGAACATTTTTATTTACTGAAAACTCCCGATTGAACATGCAGTTTAGAAACTACAGCATTACGATT
GAGTCAGACATTCTCTGTAAACTGACATTTTTTCAAAAACACATAGTTTTTTTAGATTTCTCTCCCATCATAATTATGGAAAATTGATAATATTTAGAAATAACTACATTCTGCTAACTGGTAAAGTTG
CTCGAAAACAAGGATGCAAAACTTAAGTCTGGAACCCTACTTAGTGACAAGCAATTTGGAAAGGCAACAAGACTCATGAACATGATTGATTTTATATTAACTGAAATAAAAGTATTTAGATTTTGAA
ATGTTGTCACAAACTCGAATGTCAAGTGCGTATAAATTGTATCACATTTTGGACGATTATAACCAGGGTAATACTGCTTCAAATTAGAACTTTTACCTTCCGTTTTGCAAAGTGAATGCTACCGATA
TGCTTCCTTCAGATTGGAATCCATAAATGTTTTGTGTAAATAGACTGTACAAAGTAGAAATTGCAATAAAGGAATATCAACACTTGAATGACATGTAAATAATAGATATACAAGATTTTTTGCAAATG
TCTAGCTAGAAGAAAAATAATGAAATAGCTCAACAGCAATTACCATACCTACTTTATTAATAGCTATCCACGTAAAGGTCCCATATTATTTTTACGAACAACTTGTGATATGTTTTTTCTTCCTCTTTA
TTTCCTGTTTATTTCACCATCAATATTTTTACTTGTCGCTAAAGTTACAATCAATAAAGCAAGAACAGCACTGATGTTGAATTATCAATAAAAAAAAAAAAAAAAAA
>Speract|Strongylocentrotus_purpuratus|NCBI_gi|161476|gb|M22444.1
TATGGCGCATGCACGACACCTGTTCCTATTTATGGTCGCCTTTACGATCACGATGGTGATTGCGAGATTGGACTTCAATCCAACCATCATCAACGAAGATCGTGGAAGAACCAAGATTCACGTTG
GGTTACTGGCAGAATGGACGACCGCAGACGGAGACCAAGGAACACTGGGCTTTCCCGCTCTTGGTGCTTTACCATTAGCAATATCATTGGCCAACCAAGATTCTAACATTCTTAATGGATTTGA
CGTTCAGTTTGAATGGGTTGACACCCACTGTGATATTAACATCGGAATGCATGCTGTAAGCGATTGGTGGAAACGAGGCTTTGTTGGTGTTATTGGACCGGGTTGTGGTTGTACCTATGAGGGT
CGTCTTGCCTCTGCTCTCAACATCCCCATGATCGACTATGTTTGTGATGAAAACCCAGTATCGGACAAATCCATCTATCCCACTTTCCTTCGTACCATTCCACCAAGCATCCAAGTTGTCGAAGCC
ATAATCCTTACACTACAAAGATACGAGCTGGATCAGGTGTCAGTAGTTGTTGAAAATATCACAAAGTACCGGAACATCTTTAACACAATGAAGGACAAATTTGATGAGCGAGATTATGAGATTCTG
CACGAGGAGTATTATGCAGGATTCGATCCATGGGACTACGAAATGGATGATCCTTTCTCTGAAATTATCCAACGGACCAAAGAAACAACGAGAATTTATGTATTCTTTGGTGATGCTAGCGACCT
TCGTCAGTTTGCTATGACAGCCTTAGATGAGGGAATCTTAGACTCGGGTGATTATGTGATTCTTGGAGCCGTCGTTGATTTAGAAGTCAGAGACAGTCAAGATTATCATAGTCTCGATTATATCCT
GGACACATCTGAATACTTGAATCAGATAAATCCTGATTATGCACGACTCTTTAAGAATCGGGAATATACTAGAAGTGACAATGACCGTGCGCTTGAAGCTTTGAAGAGTGTTATCATTGTTACTGG
AGCACCTGTACTTAAAACAAGAAACTGGGATCGATTTTCAACCTTTGTGATCGACAACGCACTTGATGCGCCTTTCAATGGTGAATTAGAACTCAGAGCTGAGATTGACTTTGCATCGGTGTATAT
GTTTGATGCCACAATGCAGCTTTTGGAAGCATTGGATCGCACACACGCGGCCGGGGGTGATATATATGATGGAGAAGAAGTGGTTTCGACCCTCTTAAACTCGACCTATCGAAGTAAGACTGAC
ACCTTCTATCAGTTTGATGAGAATGGAGACGGTGTAAAGCCTTATGTTCTACTGCATCTTATACCTATACCTAAAGGAGACGGAGGAGCAACTAAAGATTCACTTGGCATGTATCCTATTGGAACA
TTTAATAGAGAAAACGGCCAATGGGGTTTTGAAGAGGCTTTGGATGAGGATGCAAATGTTTTGAAACCTGTTTGGCATAACAGAGATGAACCTCCTCTGGACATGCCTCCTTGTGGATTCCATGG
CGAACTTTGCACAAATTGGGCACTTTATCTTGGAGCTTCGATACCGACCTTCCTCATCATCTTTGGAGGACTAATTGGTTTCTTCATTTACAGAAAGCGAGCGTACGAAGCAGCACTTGATAGCTT
GGTGTGGAAGGTTGACTGGAGTGAAGTACAAACTAAAGCAACGGATACAAATTCTCAGGGATTCTCCATGAAGAACATGGTTATGAGTGCCATCTCGGTCATATCGAATGCTGAAAAACAACAG
ATATTTGCTACCATTGGTACATACAGGGGTACAGTGTGTGCTCTTCATGCAGTTCATAAGAACCACATTGATTTGACAAGGGCTGTAAGAACTGAACTGAAAATAATGCGTGACATGAGACATGA
TAATATTTGTCCTTTCATCGGAGCTTGTATTGATCGTCCTCATATCAGTATCCTGATGCACTACTGCGCTAAGGGAAGCTTACAGGATATTCTTGAGAATGATGACATCAAGCTGGACAGTATGTT
CCTGTCATCACTGATTGCTGACCTGGTCAAAGGCATCGTCTATCTGCATAGTTCAGAGATCAAATCGCATGGGCATCTGAAATCAAGCAACTGTGTGGTCGATAACCGTTGGGTACTTCAGATCA
CTGACTACGGCCTGAATGAATTCAAGAAGGGACAGAAACAAGATGTCGACCTCGGTGACCATGCGAAACTAGCCCGTCAATTGTGGACATCACCAGAGCATCTCCGACAAGAAGGGAGCATGC
CTACAGCCGGCTCCCCTCAAGGAGATATATACTCGTTTGCTATCATCTTGACTGAACTCTACTCAAGACAAGAGCCCTTCCATGAGAACGAAATGGATCTAGCAGATATCATTGGACGAGTGAAG
AGTGGTGAAGTGCCGCCGTATCGTCCGATCCTGAATGCAGTAAATGCTGCTGCTCCAGACTGCGTACTCAGTGCGATACGTGCATGCTGGCCTGAAGATCCTGCTGACCGACCCAATATCATG
GCAGTACGCACCATGTTGGCTCCATTGCAGAAAGGATTGAAACCTAACATTCTGGACAACATGATTGCCATCATGGAACGCTATACCAATAACTTGGAAGAACTAGTAGATGAACGAACACAGGA
ACTGCAGAAGGAGAAGACTAAGACAGAACAACTACTTCACCGAATGCTTCCACCATCCATTGCATCTCAGCTGATCAAGGGTATTGCTGTCTTACCTGAAACCTTTGAAATGGTATCCATCTTCTT
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CTCTGACATTGTTGGTTTTACTGCCCTCTCTGCGGCTAGTACACCAATTCAGGTTGTGAACCTGCTGAATGATTTGTACACTCTTTTCGATGCCATTATTTCCAACTATGACGTGTACAAGGTTGA
AACCATTGGAGATGCATACATGCTTGTATCCGGTTTACCTCTCCGTAATGGAGATCGTCATGCTGGTCAGATCGCATCTACTGCTCATCATCTCTTGGAATCTGTCAAAGGATTCATTGTACCTCA
TAAACCCGAGGTCTTCCTTAAACTTCGTATTGGTATCCATTCGGGTTCATGTGTCGCTGGCGTAGTTGGTCTAACGATGCCTCGTTATTGTCTCTTTGGAGATACCGTCAACACAGCATCCCGTA
TGGAATCAAATGGACTTGCTCTGCGAATCCACGTTAGTCCATGGTGCAAACAGGTTCTGGATAAGCTTGGTGGTTATGAACTTGAAGATCGAGGCCTTGTTCCAATGAACGGTAAAGGAGAAAT
CCATACCTTCTGGTTGCTAGGACAAGATCCAAGCTACAAGATCACCAAGGTCAAACCACCACCACAGAAGCTCACTCAAGAGGCCATAGAGATCGCTGCTAATCGTGTCATACCTGATGACGTC
TAAATATACAACCCACTGGTACAACTACAATCAACAACAAATGAAGAATGTTACCAGATACTTCTGATAAAATACAAGGAATGTTATTCCCGACCCCTTCACGTTAAATATAACGTCGGGTAAATTC
ATTGGTCTTAAAGCTTACATGATTCAGTAAGCATTGTAAGAAACATATAAAATGTCTG

>OBil|Patiria miniatalcontigA03253a
ATGGCTGTGGTCGGGTTTGATATTGGCAATAGCTCGTCTTATATCGCCGTGGCGAGGGGTGGTGGTATCGAGACGATAGCCAACGAGTACAGCGATAGACTTACGCCGACAATAGTGAGTTTT
GGCGAGAAGACAAGGATTCTTGGATCTGCTGCAAAGACACAGGTTATCTCTAACTATAAGAACACAGTCATCAATTTCAAGCGATTGATGGGAAGACAATATGACGATCCTCTGTTGCAAGAAGA
ATTACCTAGAATACTCAACGAGAAGGTCAAGAGACCGGACGGGGGTATTGGTATCAAGGTCCAATACATGAATGAGAAGGAGATGTTTACACCAGAGCAGGTGTATGCCATGCTACTCTCGAAA
CTGAGGATGACTGCCGAGGCTAATCTCCAAACTAAAGTGGTCGACTGCGTCCTGTCGGTCCCCCAGTATTACACTGACATTGAGAGGAAAAGCATACTAAATGCATCGACTGTAGCTGGTCTGA
ACTGCCTGAGAATAATCAATGATACTACTTCTGCGGCCCTGGCTTACGGTATCTACAAGCAAGACCTGCCAGCACCAGAGGAGAAACCCAGAGTCGTGGTGTTTGTGGACATGGGCCAGTCAT
CGCTACAAGTCGCCGTGTCAGCATTCAACAAGGGAAAACTAAAGATTCTCAACGTTGCCAGTGACCCCAATCTCGGCGGCCGGGATTTCGATCGGGTCCTCGCAGACCATTTCGCTGAGGAGT
TCAAGACCAAATACCGCATTGACGCCAAGTCCAACGCCCGGGCTTTCCTGCGACTGATGCAGGAGTGCGAGAAACTCAAGAAACTGATGAGCTCCAACGCGACGGAGCTGCCCATGAACATTG
AGAGTATTATGGATGACAAGGACGTCACTGGACGCATGAAAAGAGCTGATTTTGAGGCCCTTGCAGCCCATTTACTGAAGAGAGTGGAGGCCACACTCAAGTCAGTCCAGTCTCAGATTAAGCT
GAAGCCGGATGAGCTATACGCTGTAGAGATCATCGGTGGATCCACTCGCATCCCGGCCGTCAAGGAACTGATCAAGAAGATCTTCAAGAAAGACGCTAGCACCACACTGAACCAGGACGAGG
CTGTGGCCAGAGGTTGTGCCCTCCAGTGTGCCATCTTGTCGCCGACCTTCAGAGTGCGCGAGTTCAACGTGAGTGACGTGACGCCATACTCCATCAGCCTGCTGTGGAAGGCTGCAGAAGGG
GAGGAAGGTGAGATGGAAGTCTTCCCCCCTAACCACCAGGTCCCCTTCTCCAAGATGTTAGCTTTCTATCGCAAGGATCCGTTTGAGCTGTGCGCCAAGTACACGTCCAAGGGCAAGGTCCCA
CACTCGGATCCATTTATAGGCCGGTTTGAGATCAAGAATGTCAAGCCCACGGCCGAGGGCGAGAGTTCAAAGGTCAAGGTCAAGGTTCGTGTCAATGGCCACGGCATCTTCAAGGTGTCGACA
GCCTCCCTGATGGAGAAGATCCCTCCCCAGCCAGAGCAGAATGACAAGGATGCTGCCGAGAAGCCCAACGAGGATGGCAAGGTTGTCAATGATGCAGAGGCGGTTCCCATGGAAACAGAGGA
GCAGACCAATGAGAATGCAGAGCCTGCGGCGGAGCAAGAAGCAAAGAAAGAAAATGGGGAGATGGAAACCAACGAATCGTCTCAGACAACAGAGAAGAAGACTGACTCCAATGGCTCAGATA
CGGCCGATGCCGGCGACAAGTCAGAACCTAAGAAAGCCAAGAAGACGGTGCGCTACATTGACCTACCCGTGGAGGAGATAACACACGGATTCAAGCTTAAAGACATTAATATCTTTGCTGAGA
GAGAGGGTCAGATGATAGCACAGGACAAGCTGGAGAGAGAAAGAAGTGACGCAAGAAACAGCGTGGAGGAGTACGTCTACGACATGAAGGACAAACTCTATGCCCATCTGGAGCAGTTCATC
GCCACATCGGATCGGGAGGCATTCATTGGTCTCCTGAACAAGACGGAAAACTGGTTATATGAAGAAGGTGAAGACGAAACTAAGAGTATCTATGTTGAAAAACTGGCTAAACTCAAGAAAACCG
GTGACCCT

>0Obil|Strongylocentrotus purpuratus|L04969.1
TTTGGGGAACGAAGGAGACAAAGAAGATCAGAAATGTCGGTGGTAGGGTTCGATGTCGGTAACCTCTCTTCGTACATTGCTGTAGCGAGGGGAGGTGGCATTGAAACTATGGCTAACGAGTAC
AGCGACAGGCTTACTCCTTCAGTAGTCAGTTTTGGTGAGAAGTCGAGGACACAAGGTCACGCCGCACGCAGTCAGGCAATCACGAACTACAAGAACACACTCTCACAGTTCAAGCGGTTTATTG
CACGGCGGTTCAGTGACCCCTCAGTGCAGAAAGATGCCAAAGTGGTACCGTATAAAATCACACAGCTCCCTAACGGAAATGTTGGGATGCAGGTGCAGTATCTGGGCGAGACGGAGACATTCA
CACCAGAGCAGATTTACGCCATGATTCTGACGAAACTCAAATCGACAGCAGAGATTAACCTTTGCAGGAAGGTGGTCGATTGTGTCATCTCGGTTCCACAATATTACACTGATCTGGAACGTAGA
GGTGTAATCCACGCAGCAGAGATTGCTGGTCTCAACTGTCTAAGGGTCATCAGCGATACTACTGCAGTTGCCCTGGCATACGGCATCTACAAGCAAGACCTTCCCACTCCCGAGGAAAAGCCA
AGGAACGTAGTCTTTGTGGACTGTGGACATTCATCCCTTCAAGTGTCTGTATGTGCATTCAACAAGGGTAAACTCAAGGTCCTAGCCAACGCCTCAGACAAGAACTTAGGTGGGCGTGACTTTG
ACTGGTTACTGGCCGAGCACTTTGCAGTAGACTTCCAAACCCGGTACAAGATGGACGTCAAGTCTAACCAGAGGGCGTGGCTTCGTCTCATGGCCGAGTGCGACAAGACCAAGAAACTGATGA
GCGCCAATGCTACGCTTATCTCCATGAATATCGAGTGCATCATGAACGACAGAGATGTCAGTGGAAAGATAAGCAGGGCTGATTTTGAGGCGCTTGCAGCAGAGTTGTTAAAACGAGTTGAGGT
TCCTCTCAAATCTGTACTAGAACAGACAAAGTTGAAGCCAGAAGACATCCATTCTATCGAGATTGTAGGAGGATCCAGTCGTATTCCTTCCATCAAGGAAACGATAAAGAAGGTCTTCAAGAAGG
AGTGCAGCACGACGCTAAATCAGGATGAAGCTGTGGCAAGGGGTTGTGCTTTACAGTGTGCCATCTTATCACCAACCTTCAAGGTAAGGGACTTCACTGTGACGGACCTGACACCCTACCCTAT
CGAACTAGAATGGAAAGGAACAGAAGGAGAGGATGGGTCAATGGAAGTGTCCAGTAAAAACCACCAAGCACCATTCTCCAAGATGCTGACGTTCTACCGCAAGGCACCCTTTGAGCTTGTGGC
TCGATATGCCGACCCAAACCTGCCCATTCCTGAGCGTAGGATAGGTCGCTTCAAGATTAATGGCGTCTTCCCGACGACTGAGGGTGAGAGTTCAAAGATCAAGGTCAAGGTTCGCGTGGACGG
TCACGGTATCTTCAATGTGGCGTCGGCCTCCCTGATAGAGAAGCTTCCTGTGCAGGCGGAGGACGCGATGGAGGATGGCAGCCCCGAGGAGAATGGACCCAGCAAGGAGGAAGGAAGCGGA
GCCTCGCAGGCAGAGAATGATGCCCCCATGGACCAGAGCCCAGTGCAAGGTGGGGCTGGAGAGGGAGAGGCATCGGCAGACAAAGAGGAGCAGGCAGACAATGGTTCCAAAGAGACTTCTA
AAGACAGTAAAGATCAGACCAGTGAGAGCAGCAAATCAGATAAAGAGAGTAAAGATCAAAACAGTGAGGGCAGCAAATCAGATAACAGCAGTACTGAGACAGATGCAAAGGCAGCCAAGAAGA
CTAAGAAGACCATCAAAACGCATGAACTGAGCATCACTGCTACCACTGATGAACTCTCTATAACTGAAGTCAACAATTTCTTTGAAAAGGAGGGTAAATTGATTGCCCATGACAGGCTCGAGAAG
GAGAAGAACGATGCCAAGAACGCAGTAGAAGAGTACGTCTATGAAATGAGAGAAAAGCTCTGCGACAAATTTGAGCAGTACATCTCAGAAAAGGAGAGGGGGAGTTTCAGTAAGCTTTTGGAG
GAAACAGAGAATTGGTTGTATGAAGACGGAGAGGACGAGACTAAGAGTGTCTACCAGACAAAAATTAATTCATTAAAGAAAATTGGAGACCCAGTTGAGAACAGGTTTAAAGAAAATCTGGAGA
GGCCTGGTGCCTTTGAAGACTTCGGCAAGGCATTAGTACCCTACATAAAAACATTGGATCTCTATTCAAATGGGGATGAGAAGTACTCTCACATTGAGAAGGAAGACATGGCGAAGGTGGAGAA
GTGCGTGAAGGAGAAGGTGGCCTGGAGAGATAGCAAGGTGAATGCCCAGAACCAGAAGGCTCCTCACCAGGATCCGGTTGTCACAGCCGCGCAGATTAGGTCAGAAATACAGAGCATGAAAT
TCGTATGCGATCCCATCATCAACAAGCCCAAACCCAAGCCCAAAGAAGAACCGCCCAAGGACAACGGTCCCACGCCGGAAGAAGCTGCCAAGGATGGTGGCCCCGCCCCTCCGACCACGGA
GGGGGGCGAGGAGAAGATGGACACCAGTGACCAAGCACCTACGGGAGAAGCAAGCAAAGAAGGTGAAACCAAACCAGATGAAACCAAACCAGATGTGGAGATGGAACTAGAT
>REJ1|Acanthaster-cf-solaris|TRINITY_GG_18482_c15_g1 il
CGTGTTTTTTCAACAAGACAGGATGAGATCATGATGTTCAGGACTCATCTCAGTACATTTCTCATCTTACACATTCTCTCCACCCTTAAACAAGGACTAGCTCTTGACCTACGGGGCGCCAGAGTT
ATAACAAGTCAGAGCTCTGACGCAGGGCGATACGCCGGGGCGTCATCAGCGGTGGATAGGAAGCTTAAAACCATATCACATACAGGATGGAAAGATCCATCTGACCGTGTCAACCCGTGGTGG
AAGGTGGATCTAGGCGCTGTCTACTGCTTAAGGAAAATCACACTAGTCAATAGAATAAGGGACGTGCGCGTAATTGCAAGACGCTTAAAAGGCAATGTAATCCGTGCTGGAATGAGTGCCAACC
ATCTGCTAAACCGAGAAATAGGACGCGTTAGAGAAGAGCAGGCTATAAGCGGAGCAGTTTTGGATTTCACACCTGATCCGTACGTTAATGCACGATACGTCAGCGTGGACATCCCTGCCAGTG
GTTCAAATATTATCATCCAGTTGACCGAATTCATGGTGGAAGAGGTCTCGACGGATACGGTTGATACTCCATCAACAGCTCTAAGTTTGACTGGTAGCCAAAGCGACCAGAGTTCTACCCATGAA
GAAAACGGTGATAGGTGGGACTCCGCAAGAGCCGTAGATGGATTGTCGCTGTATGAGGGCACAAGCTGCAGTAGAACAGAATTTCAGCAAAACCCGTGGTGGAGGATGGATCTTACCTCTGCA
CAGTGTATTAGGAAAATTGCTGTTCGGAACATGGACGATATTTTCGTCTACACTAGGCTTAACTTATACGGAGCAGTAGTCCGTGCCGGCCTGAGTGCCACGCCTACAGAGAACGCCATGTGTG
GTTCTCCTGTGACACTCTACCAATCCTTGATCAATGATTGGATTGAATTCACCTGTGAGCCATCCAGGCTCGCACGTTATGTCAGCGTCGATGCACCGGGCAATCTGACTCTTATCCTTTGTGAG
GTGATGATTTGGCCGTGTGATCTCCCACCAACAGCCCTCAATTTGACTGGCAAATTGACAAATCAGAGCTCTACGATGAGTGGACAGGATGCTCGAAGGGCATTCGATGGGCTCCCAGAAGAA
CCGTTCTGCAGCATCACGAATTACGAAGAGAACCCATGGTGGAAAGTTGACCTGGAGTCAAATAATTGCCTTGGAAAAATTCGCATCAGGAATACCGGCAGTTCAGCAGAACCAAACTTGCAGG
ATGCTATGGTACAGGCGGGCCTGAGCGAAGTTCACACCGACAACATCATGTGTGGCACACCGGTGACCAGAAGTCAGGCCATCATCAATGACTGGTTAGAGTTTACCTGCGATCCGCCTGTGC
TTGCCCGGTATGTTAGTGTTGCTATACCGGGAGGTGTAAGCCTTAAACTGTGTGAGGTGACAGTATCGACGTGTGACTTCCAACAAGCTGTAAATGCTGTGGATATTACTCTGGTTGCGAATCC
CGCTCTCCTCGGTGAAACTGGAGACAACAGTTCGTCCATCACAGCCTACAGAGGTGCAGGCGACATCACAAACGCTGTAACGTTTGGTCGCCAACTGGCAACAGGAGAAACTAGTCAAGAACT
TCCGTCGGGGTCCTTGGTTGTGGCTGATCCGTCGACGGGATGTGCAGCCAGATTGGCCCTGAGATTACCAGAGGAGGGTGGATTGAATCGCACCGGTGTCTTCTACTCGGAGGCACTGAATA
ACAACGTTATTACCAGGATACAGATCGTCATCTTATCAAAAGGAAACAACATTCACCTCCGCCCTGTTCAGCGAACGCAGACGGCAAGTACCGGAGACTCTGTTATGTTGCAAATGCGTAATGTT
AACTCACCGAACACCAACTACAGATGGCGGCATAATGGTAATGACGTCATTGCATCTTGGAACAACCTCCTGGATGTGTCGGTTCCAAACGTAACCATGGCAAATGAAGGATTATACAGCTGTTT
TGCTTCAGACCATGAAGATGAACAACGGGACGGTATCATGAGACTTATTGTAAGAGGTTGCCCCTCTGGGTTGTGGGACCCACCGTCATGTCTGAAAACCTGTCGGCAATGCTACAATGGGGG
TGTATGCCATGACAAGTCTGGTACCTGTGTTTGTGCTCCAGGATTCAGCGGAGACAGTTGTGAGCAAGTACACGGTCGTCATGTTTTTGGCAAGAATGGTGATCAGAGGTGTTCGGATAGTGGA
GATCGTCATCATGATGCGTGCCGGGGACACCTGTTCTGCCTTCCAGACCCTTATGGCTGCTCATGTGCTGCAGGTTACACGGGCCTGGACTGCATGCAAGAATGTGACGATGGGACCTTTGGT
GCCGATTGCAAGCAGACATGTCACTGTGCATCTGGAGGAACGTGTTTAAAAGATACAGGAGAATGCAGCTCAGGTTGTGATACTTTATACTTTGGGAGTAACTGTCAGTGCTCAACACAGAATA
GCGTGCTTGGGCTCCAAGTGACGTCAGGCGATCCCCATCAGCTGTTCGTTAGTTGGCAACCGGATCCCTGTGCTTCTGGCTATGAACTGGTAACCAGGGACGAGTGTACCGGGGAAATTTTAT
TTCAGGAGTCCTTACCAGAGACGACTTACCATTTCATAACTGGGTTGGAGTCCCCATTCAACTGCCGACTTTTCATTCGGCCAGTGTATCCGGGTGGCATGCTTGGGCCGTTGCGGGTATTGCT
CCAAGAATCCAACACGAAGCAGGAGTCTTGCATCTCGTGGTCTCTAGAAGACGCTGTTCTACAAATGGATGTGGCTGTGGAAGGCAGCGAAGACGCTGGTGTGTTTTCGGCTCCAGGCGACCT
GATTTTCTTTACTGGCCAGCTAATTGTGTTGAACACATCTCTATCTGGAAGCACTGTTTCCGTAGACTATCGGTGGTATCTAGCTAGCAACGAAATGGTCACTCACTCTCCCAGCATAACATGGTC
TTTCAGTGAAGCCGGGAAATTTACAGTCAGTGTCATCGCATCTGATGGAATATCGAGCAGTGATGCAGTGTCAAGAGTTTTAAATATACTCGATCTGGAGAACCTTCCGTGTCATCCGTCCTACG
TCCAAATTGCGGGCCACCGAACCAACGCCTCCTTTCCACTGACCTATCCCCGTCACGTGCCCCTGTCTTTCCAAGGGCGCACGGACGTATGGTGTAACCTGACCACCTTTCGCGTCGGCCTCC
AATGGACCGCCTTCCGAGTGGAGTCCAGGAATGAGACCGAAATGGCGCTTTCCGGGACCATTGCCACGCACCTGCAGGAAATCCACTTCCCCAAGGGTCTCCTGAGGTACGGACTGCACGTG
CTGCAGTTCAACGCCGTGGTGACAGCCCGCGGTGGGTATGGCTACGTGATTGGCCAGGGCAGTGACCGTGTGTGGGTCAGGATTGAGCCCAGTCCACCCAAGGCGATCATCCTGGGTGGGT
CAGCTCGGTCCGTCGGTTACAGTTCCTCGCTGGTTCTGGATGGCTCAGGGTCATTTGATCCTGATAATTTCCAAGACCCCATCAGAGGTCTGGAGTATGCTTGGTACTGCTCAAAAGGAAGCAG
ACAGGATCTTGAATCACAGGTGGTGGCTCCTGCTTGCTTCGGCAATAGCTATCGTTTGCCCTTTAGCGACTCCTCTATTCGGATGCCAGCAAACACTCTTGCACCAGATGAGGTTTACACGTTTG
CACTGACCGTGAGTTTGACCGGACGAGGGAACTCTTCAACATCTCAGAGTATCACTGTTGTGGCACAAGATCCGCCCGTTCTCAGTATAAGCTGCCTGCAGAATTGTGAGGAGAAACTGAGTGT
TGGAGAGAGGGTTGTACTCCAGGTGACATCGCCAACCTCCACGGTCAGTTATGTCTGGGATGTGCTCACGCGAGATCATGTCCCGGACGAAACCTTTGATTGGGATAGGTTGACCACCACTGG
TAGAAACTCGGCATACCTTGTCATTGTGGGCGGAGCTTTTGATGACGGAGACTATAGAGAGCGGGCAGTAAGGGCAACAGGTTACCACCCTGACAGCCCATCACCAGGATTTGCCGACTACAC
GTTTGAACTGAACGCCCCGCCTAGGATGGGCACGTGCAGCCTGGACCCACCCAGCGGCTATGCCCTGCAGACCCAATTCATCATCGACTGTGTTGACTTTTGGGACGAGGAAGGCCATTTGAT
GTACACGGTCCGTGTGCCGCCTGCACTGGAGCGGAAGGATGAGGCTGCCTTGCAGTTTCTAGATCCCGTTCTGTACAGTGGTGCTTCCTCCACCACTCCCTCCGTCTACCTTCCCCTGGGAGA
TGCTTCAAAGGGTCACCTGGTGACTATCGCTGTGGAGGTTGCCGACATACACGGTGCATCCGTGATGTTCACGATGACTGCAGAGGTACGATCTCCTGAGACAGTCAACCTGGGGGATGATGA
GAACACCGGCGAGATCCTACTGAACCTGACCAGCGGCACCGACTCAGAGCTCCAGGGGCTGATTGACCAGGGCGACTTCCAGACGGCCGTGCAGATCATCGGGGCTGTGGGCTCCATACTG
GACAGCCATGATGGGTCGGCTGGCGAGGGGAAGGGACCGGACCACATTGAGTCCCAGAAGAGCAAAGAGTTAAGGGAAGAGATTCGAACATCAACTGTGAATACCATAGCCACCATGCCGGT
CGAATCAGTAGTCGCCCTGCAGCAGTCTTCCTACGCGCTGGTAGCTATCACCCAGGACAAAATGGAAGTCACTCAAGAGACGCAGTTGACTGCGGCTACAACCTTGGTAAAGATGGGAGCGTT
CCTGAAAGAGCACTCGGTGGAGCGGACGGACTGTGAAAGCTGCCAAACCTCCATCGATGATGCAGCCCTGAATCTTGTTTCGGGCCTGTCCAACATCCTGGATGCTGCCGTGGCGAGCGTGG
ATGAACTGACGGCCGTAACAACTACACCAATAGATACGGTTTCCAGAAATGATACGATTTCCAGAAACAAAACCACACCAATTGAGGAGGACAAAGATGACGTCAGGGCGATTCAAAAGGAGGT
CAAAGAAAAGAGCAAAGAGGTAACCAAGGCAACCCTGGCCACCATCAGTGATGTGCAGGATGCCCTCATCGTGGACAAGGTGCCAGGCGAGGAGCCCACGGTCATCCACTCACCGGCGCTGA
CTCTGACCTCCCAGAGGCAGGAGCAGGGCACCCTGGGAAGGAAGTCTATCGGAGTAACGGAGGCCCAGCCCAGCGGGTTCATTCTGCCAGATGCAGCAGTCATCGGGAGCTTCATGCCAGC
CAATTACACGGATGCCATCGATACCCAGATGGTGCAATTTGCCACTGATCCGTTTGTCTGGAGTGAAGGAAGCAAGGACGTCACGTCGGAAGTTGTTGGCCTTCAGTTGAAGACGGTCGACAG
ACAGGAGATCAAAGTTACCGACCTACCTGTGGACATCCAGATCTTTGTGCCCAAGCGTACAGTCACCTTGGCCAACAATACAGAAGTGACTGTCAACCGCAGCGCAACTGTCGTGATCTCCTTG
CAAGTTACCAACCCCAATGCCACAGTCAGTGTGCTAGCCTTGCCGTCAGACACCAGTGCTGAGCTGTCATGCTGTCTGCACTACCAGGGGAACGAGTCGTTGGTGAACCTGACCGAGGCGGA
CTGTTACATCAACACCACACTGCCTGGAGAGGCCTCCAAGTACTGGCTACTCATTCATGACGCAGATAGGGTGTTGAAGCAAAGATACACATGGATGGTTGACCCAGAACAACTGCGCGGTGC
AGGGAAGTACCAGGCATTATGCTCTGTGCAAGACTCTGCAGGGACCAGCCAATCCAGGGCACCAGTTGCTGAGCCTGATGACACGTTGAAGGTCCTGATCGGTGTCTACAGCTCCCAATGTCT
TTTCTGGAATGAGGAGGGGGAGGAGTGGGATGGCACAGGCTGCAGGGCTGGGCCGTTGTCCTCTCCCGAGGTCACCCAGTGTCTCTGCAACCACCTGACCTTCTTTGGCTCCAGCTTTCTGG
TCATGCCCAACAAGATCGACTTCTTGGCAGACACTAAGCTCTTCCTAACGTTCCTGGACAACCCCGTCGTGGTGACCACAGTTGTCGTAATCTTGGCGCTGTACGTGGTTGTGGCGGTGTGGG
CTCGCAGGCAGGATAAGGCAGATGCATTGAAGGCCTGCGTAATCACTCTAGAAGACAACGACCCCTTTGCCCACTACCGTTATGATGTAACCATCGTCACAGGCATGCGTAGGGGAGCTGGCA
CGACAGCCATTGTCACGCTCACCCTCATCGGCACAAGGGGCAAGAGCAGGCCGCACGTCCTGAGGGACAGACAGCGGCAGGTGCTGCAGAGGAGTGGAGTCGACTCCTTCCTGTTGACAAC
AAAGCAGAGCCTGGGGGAAGTGAAAGCGGTGAGAATTTGGCATGACAACGGAGGCGAGAACCCAGAATGGTACGTCAGCCGCATCACGGTACATGATCTGGAGACAGACGATTGGTGGTTCT
TCCTGTGCAATTCCTGGCTGGCCGTAGACATAGGTGAGGGCCACATCGATCAGACATTCCCGACAGCCACCGAGAAGGAGCTGAGTGACTTCCGCCATCTCTTCTCCACGCGGACCGTCCGG
GACCTCCGGGACGGCCACCTGTGGTTCTCCATCTTCAGCCGGCCAGCCCGGAGCACTTTCACCCGTCTCCAGCGTGTGTCCTGCTGTCTGTCCCTTCTTATGTGCGTGATGCTGACCAGCATC
ATGTTCTACGGCGTGCCCACGGATCCCGCCGAGCAGGTCATGGACTTCGGAGCTTTCCGGATCACCTTCACAGAGATCATCATCGGCATAGAGAGCTCTGTCCTTGCATTTCCCATTAACCTGA
TGATTGTGACAATCTTCCGGTACGCCCGACCTCCGGAGATGAGGTCTAAACCCTACGAGATAAAGAATAGTCACAGGCCTTGTTCAAGTGAAACCACCTCATCTCTGTCTCCCAGAACGAAAGA
AGAAACGTCCCTGCCGGTGACTTTGACTGAGAAAGTTGTGTTAAACACAGACACAACAAACAGCACAGATCATTGGAACAGTTGCAGCAAGGACACATCATCTGATCAGGTTATCTTTTCAACTG
ACCGGACTTCCAGAGAACCACCAACAGACACAAATGGAATCACAGGAAGCCAGAAATGGGAAACGTCTAGTGGGGAAATGAAATTTTCACAGCTAACTGAGCCAGCACAGTTGATTTCGTCAGC
AAATGAGAATGAAAGCTACAGCCACAATGAATATCTGCATTCTTGCCTGGACCGCCTGGTAGACGACCTGGATCTTCTGCCCCATGAGCGTTTCTTGTCAGCGGAGCAGTACTTGATGGCTAGG
CAAGAGGCTCGGGATCTCGTACTCACAGTGATGACTATTCGGACTCCAAGCTCCTCGCCGACTGACCGCAGTGAAACGGACAGCCAATCCAAGACGGCCTTCTGTAAGTGCTCATTCAAGTTC
CTCCCTAATGGGCTCCCTCACTGGTTCGTCTACATTGGCTGGTTTTTGGTGTTCTCCACCACTCTGGTGTCGTCTTACTTCACCATGCTGTACGGGCTCAAGTACGGCAAGAAACGCTCCATTGA
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TTGGCTGGTGTCGCTGGTGGTGTCCCTGTTTCAGAGTGTATTCTTCATACAACCCCTGAAGGTTTTATTGTTTGCTGCCTTTGTGGCTCTTGTTATGAAGCAATGGGATGCTGATGATGACGGAA
GTGACGATATTGAGGAGAGAGAAATTGAAAATGCCCCGGAAGTTTACAGGAAGCTCCTGCGCAAATGGAAGGCCACCCACTACCGGCCCCCGACCAACGCAGAGGTCAACACTGGCCGACGG
CGTAAGGAGATGGAGCGTAAGATGTTCGCCCTCCTGCGGGAGATTGTGGGTTATTTCTTCTTCATCTGGCTGGTTCTGATTGTGGCGTACAGCCAGCGAGACCGCTCCTCCTACTACCTCACTA
AGCATGTCAGGGACGTTTTCTTCAGCAGTGACGAGTACCATTCGATAAGTGATTTTGACGGGTTCTTTGAGTGGGCAGACCTTACTCTTCTCCGGGGCCTCTACCAAGGCGATGACCAAACACT
GTTTCTCATCAGCGGGGTTCGTCTTCGGCAGCTCAGGGTCCGTCCAGAGCTCTGCAACATAAACAGGTCCGTCAGAGGCATAATTGACAGATGCACGCTGTCGTACTCCAAAGACACTGAAGA
TACCGGCCTTTACAACAACTCATGGAGTGCTCCCCTGAGCCACCTGTCAGCGAACGGGACCAGCCTTCGACGACAGGATATCTGGACGCACCAGCAAAATGTGGCAGTTGGCCTTTGGGGAC
GGGTGGCATCTTACCCCGGTGGCGGCTACGTGGCCAACCTGGGTGTGAACCAGACGGAAGCCCGTCGATCACTGAAGGATTTGATGGCCAAGCGCTGGCTGGATGAACACTCCAAAGTTCTG
GTGGTGGAGTGGACGGTCTACAGTGCCAACACCAACCTGTTCGTGGTGGTGACGTTTCTCAACGAAATCACAGCTAGCGGCGGCTTTGTCAAGACATCTCACATCCAGGCCGTTCGGTTGTAC
AGGAACACTGCTCAGTTCCAGCTCTTCGTCTTGTGCATTGAGATATTGTTCTCGCTGTATGCAGCCTTCTATGCATTTATTGAGGTACGGAAGATACATCAGCAACGCGGAAGCTATTGGCATGA
TGGCTGGAACTGGTTGGAGGTTGCCATCGTTCTCACCTGCATGGCCGTCATCGCAATCTACATCTATCGTCACGTGTCCACCGAGAGGCTTTTGGAGGTCTTCCGGGCGCGACCTGGGGAGTT
CGTCGACTTCCGAGCTGCTGCCGCCGTCTCGGAAGCCTTTCAGTACCTCTTGGGTCTGCTGCTGATCCTGTGCCCCGTCAAATTCCTCCACCTGCTCAGGTTGAATCCCAGGGCCCACCTGCT
GACGTCTGTGCTGAGCGCCTCGGCCATCGACGTCGGGGCCTTTGCCGGCTACATCGTCCTGTTCATGTGCGCCTTTGCTTTGCTCTTCCAGCTCATCTTCGGCAGGCACCTGTTCACCTACAG
CAGCATCGTCTTGGCCCTGGAGTCGCTTTTTGTGCTTTTCCTCGGGGAATATAGATACGAGGAGCTGTTTGCAGTCAACGGAGTCACGGCTTCGATCTTGATCATCGTCTTCCAGGCCGTGGCC
ACCTACCTCCTGCTCAATGTACTGATCGCTGTGTTGAACCAGAACATAAGCTACGTTAGGAGACACCACGAACCAAGTGAGGACGGTAAAATCGGCCTTCTGTTGATTTACAAAATACTCTCTTG
GTTCGGCATTAAACACAGACACAAGTTT
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TGATTTTGCTATGGCAACCATGAGCGCGCTAGCTAGCTGGACGTACTCGACTAGGCCTAGATCTAGACTGACTTTAGCTCATTGGATGGAAGGACCCGAGCCTGGATCTATTCTAGGCTAGGAA
GATCTATTCTAGATCTAGGCCTTGGCCTACTTTAATTATTGGAAGCTGTACCGAATTCTGATTTTGCTATGGCAACCATGAGTGTCTTTGTCATCTTAATTCTTTTCAACGCTATCCTCAATTTCAAG
ACAGTCGGACCAGCAGCAGTTTCCTCAAAAACTGTCGATTGTGCTTCTGCTCCTTGTATGAATGGAGGGACTTGTGCTGATGGATTTAACAACTTTACTTGCTTCTGTGAAGAAGGCTTTACTGG
GAGCATGTGTGAAACAGAGTACGGCTGTTTTAGACCCTGGTTTTATGGACCTGCATTCGGATACTGTTACCTATGGGAAAGAGTAGATTATAATTGGACCCAAGCCAGAGAATCTTGTATAGATC
AAGGACGCGGTGCTGAATTGGCTAGTATACACAGTGCAGAGGAGAATGCTTTTGTATATGCTCAGATAAGAAGGTATGCATGGATTGGATTAAGTGATCAGGTAACAGAAGGAGTGTTCGACTA
TGCAGATGGAACTCCAGTTGACTACTTAAGTTTTCCTGATAAAAACAAACAGAGTGAAACTCGTGATTGCGTTTATGTGAAACATCTTAGAGTTGATAACTGGTCCCTTCTAGATTGTAGGGCGAA
TAAAACGTCCATTTGCAAATCTACAACTACTTTTTCTGCCACTGATGGTTGTGCCACAGGTTGGGTCCATAACCCTGCAACTGGCTACTGTTACTTCTATGAAGAAAGAGGTGGGATGTGGTCTA
AAGGCAGAGAATTCTGTTTAGATGCAGGTGCTGACTTAGCTAGCATACACAGTGCAGAGGAGAATGCCTTTATATTTGATATGCTTACAGAATTTGTATGGTTAGGATTAAACGATCTGGAAACA
GAAGGAGTGTATACTAACTTTTCAGATGGAACTCCAGCTGACTTCGACAATTTTCCTGCTGACAATTATCAGAATGAAGATCATGATTGCGTTTCTATAAGACATCTTGAGAAAACTGATAGATACT
GGTTTTTCTTGGGATGTGACGATACTGTAACATCTATATGCAAAAGACCCCATGAAGTTGTTGCCACTCAAGCTCCTCCCTATTTATTTACAACCACCGATGTTCCTGCTACAACCACCACTATTC
CTACTACAACCACCACTATATCTGCTACAACAAGAACAATTGATGCAATGATACTCATAGAACTTCTTCTGTTTCCAAATAATGTGTCCAGTATTGACAACATCTTCAGGGTTAATAACACCATCCT
TGTGACTGCATCTGTTTTGGGGTCCTTTCAAGCACTGTCATCTCAAATCTTGTGGTCCATCACAAACCATCTATCGGGCGACTCGGTTCAATACACAGTCTACTCTGAAGATGCAGTGCTCGTCC
GGTTCACCACGGTTTCAATTTTCACCATTAAAGCGACGGCTGTCGGGAACTCTCACAATCTGACAGCTACTGCAAACGCAACTGTCAAGCATGTATGCATCAGCAGCCTGACCACGTCTGTGAA
GGAGCATTGCGATGCTCCCCATCCCGCTGTGTACCTCAGGGCCTTCGACATTCATATCTCAACCCATATGGAGCTGAATGGAAAGTGCATCGACCCCATGACCCCTGACTTCAAGTGGCGGATT
TTCACATCTACTGAAGCTGATGATGTAGTGACTGCTTTTGAAAAGATCACACATACTCGTCAAGTGATGATTCCAAGGGGAACTCTACCCTATGGTATTTATAGTCTAAATCTGAATGCTAAAACT
CGTCTAAAAACATCGGGTGAAGTGACTGGTGAAAAAGAAATCATCAGTTGGTTGGAGATCCAACCGCCTCCATTGGTAGCTGTTATCAAGGGCGGAGCCTCACGGTCACATGGTGTATCTTCAA
ACTTGATAGTGGATGGCTCGAACTCCTATGACCCGGATGTGCCCCCAGGGTCATCCAGTAACGTGACCTTTCTGTGGTACTGTGTAGTAGTTGATCCTGACGTCATGTACTCATCTCTCGATGA
AGCAATACAAAATACAGACAATGCCTGTTTTGAGGATGAAGGAATAATGATGAATTCAACTTCATCTATGATTGAAGTAATTGCCAACAAGCTTAATGCTAATGTGACTATGAACTTCTGGCTCAAC
ATTTCTAAGGAAGGACAAATATCTGGGTTGACACAACAAAGAATCCACTTGACCCTTGGGCTATTACCAGAGATAGAAATCAGTTGCATCAGTAACTGCAACATGTACATCTTCACAGCTGAGCG
TCTGGTCCTACATGCCTCATGCACCAACTGTGACAGTGAGAATGAAGATGTATCCTTCCGATGGAGTCTTGAGTCGAATCATACCTCTGTTATAGGTGACTTGTCTTCACAGACTACTACAGGTC
TTGACCAACCCTACCTGGTCCTCAAACCGCTCACATTTGATTCCATATCTGAAATGGGTAGCATCATTCTACGAGTTACTGGTTCCCAGTCCGATTCTGATGGCTATGCTGAATTTAGCGTTGACT
TGCCCCACAATGCGCCACCCGCATTAGGCTCCTGTGTCGTGACACCTGACGAGGGATATGCCCTACAAACTGATTTCACTGTCACATGTTCTAATTTCACTGATGTGGATGAGCCTTTGACATAC
CAGATCATTTTATTCAGCCACGTGGATGTAGTGGATTGGATGTTTGTGGGCAGAGGAGAAGGGTTTCAACTATATGAAGGCAGTGCGCCGATCAAAGATGGTCTGTATCTCCCAGTTGGAGTTG
GTACTGATGATCATGATATTTTACTCCAAGTTAATGTGAGAGATTGTAACATGGCCAGTACATCAGTCTACATAAGTGCTACAGTTCACCCTCCAACTCTGGATGCTGTAGGGATGAACCTTGTAC
AGGAGTTACTGGATATGGCATTGCTAGTTGAAACCAATGTGAATGCATTGTTAGCAGTAGGAGATCCAGGACAAGCTGCACAACTCATCAGTGCTCTTGGGTCCATTCTTAATTCCATTGGAGAT
GAGGATGATTCTGAGGAAGGGAGAGAAACCAGGTCAGAGATACGCTCTTTTCTTGTTGACTGTGTGGCCGCCATACCGGTAGAGTCTATGACATCCCTGAAGCAGAGCTCGGCTGCCCTAGCT
GTCGTAACTCACAACAAGCAAGAGATTTCTACTCACGTACAGATGCTAGCTGCAAGTACACTGTCAGAAATGACATCATTCGTCAAATCAAAATCTGGGTCTTATACTCAAGCTCAGGAGAATATT
GAGTCAGCAGGTACCATTTTGGTGGAGGGGTTGTCAAATATCTTAAGTGCTGCCAAGGAAACAGAAAGACTTCTTTCAGACGACACTTCTCAAGAGAGAGAAGATCACAAGAACTTGATTGAAGT
TGCTGTGTCCACAATCAATGACATACAAGATGCGATAGTAGCCGGCAAGATTCCCAGTGAAGCAGCGACCATCATTACATCTCCTGCCCTCAGCATAGCAGTAGGCAGTATCAGCAGAGACGAG
CTTGCAGAGGCTACCTTCGGAGGTCCTGAGGATCTTGGTAGCTTTAGAATGCCTTCTCAAGATGTACTGAATCAAGCAATGGAACATGCTCTTGGGACAACCGTTAGCATGAAGATGTCAGCAA
TGAAATGGAACCCATTTAGTTGGCCGGGAGCTGGTGGAGAATCTATCAAGTCTAGCATCGTAGGAATCCAACTGGAAGCGGATCAAATGCTAGAGTTCCATGATTTGACTGCTGACATCGATGT
GTACCTACCAATGAGAGAAACTCTGTCAGCAGATCCTGTCTCGGTCCATATCACCAAGACTTCCTCCGATTCCGTCCTTATCGACCATTCATCCTTGCCTGTGGATGGAGCTTTGCATCTTACAG
TCATAGCTGAGAATGAGCCCATGGTTGCCCTGTCTATATGCACAGCCAGAATCAGCATTACTGAGTCTAGCTGTGTAGGAACTGATACCCCGCTGGGTGTCAGCAATGAGGACCCGGACACTG
ATGCTAATTTCACATGGACTGTCCCTCTGGTTGACTTGAAAGCTGCAGATGGGATCATGATTAGACTATACGATAGTGAAGATCAGCCTGGCTATGAAAATGACAACATCACCCTGTCTGTTTTCA
TGCATACATTACAGTGCAATTTTTGGAATGAAGACCAGCAAGAATGGGACAGCACAGGATGCAAGGTTGGTCCTCTTTCGAAGCCCTCCACAACCCACTGCCTCTGCAATCACCTGACCGGCTT
CTTTGGATCCTCCATCTTGGTACCCCCAAACCATGCCCAGCCAGTGATAGGTGGCCATAAGCTTACCGGGGTGGATTTCTTGATTTGTGTCCTAATAGGCTATGGCATATATTGTGTAGCATTGG
TTATTCGTGTTGTAGGGTGTTCATTTGCCATCAGAGTTCACAAAGTTTTGTAGAATTGTAGCAATTTAGACAGTAGAGTATGTACAAAAGAAGTTAACAAATAGCAAAGGCTAGTTGATGTTGACC
CATTTTAATAGATCATATATTCAATTTTGTTATTGAATAAGAAAGTCAGTATTTCTGCTGAGCATTTAAGTTTTCCATAGTTGAAGACACTGTCGGAAGTGAAAAATGAAATAGATGAATTATAACTC
AACGGAAAGCTTATATTAAGCCAAAAATTGCCCCATTTTAATATCATGGCCTTTAAGGTGGGTTCATTTCTTTTAGAATGATACCTCATACACCCCGTATAATTGCCAGAGACATAGTACAAATCCA
GATTGAAATCCAAATATTGAATCATTTGGCTTCTCACCCGAATCCTAATAAGGATGCCAAATGACACTGCAATGGTATGGTTGGAGGCTGCACCCGCACACCCCTCACCAATGAATCGCGTATAC
TGAGTATCTTCATACAATTCAAATGGCTTTTGTCTTTACTCTAATAGCACAAATGTTGTCTTGTATCCATTGAAATCCATTGTGATTAATACATTTATAGCTCATATTTAGTTCAATTTTTTTTTTTTTA
ATGTGATTTTCCAATGGGTTGGGTCTTATAATTTCTAGATATTGTTTGCCAAATCATTGATTAGTCTCCAAATATTTTTGTTAAGAGGATATTTGTAAATGTATGTGTTTTTAGCCCTTGGTTGATACA
GGCACGTACTGCCTTAGATTTGGTACAAATTCTTCAGAACTTAGTTAATTCCTGTTATTCGATTTTAAGTCTTATATAAAAAATTTGACATCAATTGGAGGACTTTAAATGTGATTTTTTTTCATGAAC
CTGTATAATAGTTTGTATTAGAGTAAACAGATTTGGTATATAAGATGTTTTNCTGTCATGGAAATCTTTATTAGGCTTATATCTATTTTAGATTGAGAACGAAAAAGCTTTTTCACACGATCCAAGTC
CTCGTTTACACTATAAGTTTACACTATAAATAAAGCCATTCACTCTTGCCCTACCTGTAAATCCTCAAATTTG
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TTTATTCCTGATCCTGTTGACTTACCGCAATATTTAAGAAACAAGTCAACAGGCATCGAGAATGAAATGAAAGGGTTCTTCACGCCAAAGTTGATGGATTCGTTGTTGAATGGGCTAAGACCAATG
GAGACAAAGTGCACGACCAGCTTCCGTTTGTGGGTCAGCCTTCTCATTCTGGTGATAATCGTAACAACAAAGCACCTGAAAATGACAAATGCAACCATGCAAGCTCCTTTTCAGGTGTCTGCCC
CATCTGAAGTCAGCTACGAGGATCCTGTGATATTTACCTTTCAAACGGATTACACCAGGGAACCCTACATCATGTGCTCTTGGGATTTTGGTGACGAGAATCAACTGTTCACTACTGCTACAGAA
TTACAGCTGGGGATATCACATCAGTACTCTCATCCTGGATATTATACTGTGTTGACATCATGTCAAACCTCATTTGGCCGAATTTACCACCACACACAAGTTGCTGTTTTCCGTGATATTGACTGG
CTTCAGTGTGTTATCACAGACACCAATGCAGTGGTGCAAGAAATCTTCCGGTATGGTAGCAACATCGTTGTCCACTACAGACATGAGTACACAATAGGGTTACACTACAGCCTTCTCATAGACAA
CGTGGAGGTGTATGAAGCAATTGCATCAACAATGAAAATCCAAACAACGGTGGTTGAAGACAGCCTGATCATCACAGAATATCTCCAGCATCTTATCTCACTGGGGAGCCATGACTTAACACTCC
GCGTCAGGAACGGCCGCGTGGATCTACAATGCCTGAGTACCTTCACGCTGATGAACCCAGTCTTGGGGGTCACCCTTGCCTCCAGTCATTCCACTGTGATTCCCAGAGATGATGTCCTACTGG
CAGTGACGGCCGAGTCAGGATTCCCTGCAATGATTGAATGGAGCATCACAAATGGTCCATCAGTTGTCTTGAGAGTGCTGAAAGAGAGGCAGGGAAGATTACCAGAGGATGTTGATCAGATGA
CAATATCACTTTTAGAAATTGCAGAGTACCAAATCTGTGCCAAGGTCTACAATAACTTCACATCTGAAGAGGCCTGCATAAGCATAGTAACTCAATACCCTGTTACATCCGTAATATTGGAATCCA
ACACTCCTATTAACTTTGCAGTTGAGAATACTGTTCAATTTTCTGTGCAGTTTTTGGATCGTCCCATCCCCACTAGCATGAGGTATTCAGTGGATTTTGGAGATGGTGCAAGTGGTAATTCCTCCA
TGGTTGGAATTACAGACTCAAGTTCTTTCCTTATCATACCACACACCTACACCACACCCGGAATCTACCATGCCACACTTCATGTCTACAATGACCTGAGCTCCACTGTGAATAGTACCCGTGTG
GCAGTACTGCAGCCAATCACTCACATGACGATCCGTCTCTCCCACCACAGTGGAATCTACTTCCCAAGCAGTGAAAGAGATTGGTTTTGGCAGGAACCACCATTCCTCCATCCAATAGTGACGG
AGAATGAATATTCATTTGAGTTAAAAGGAACTGGCACTCCTGAGCTTGTTACCTGGAGAGTAGCTGGGCACACTCAGACATACCACATGGAAACTACTGGTAGAAATCTGTTTTACAGGTTTCCT
TCCAATGGGACTTTCAATCTTCAAGCAACTGCCAGCAATTTCTACTCAAGTTATACTACAGTGGATGCATCAGTGCTGGTACTAGATGCCATTGTTAGTCTTTATCTGGTCAGCAACAGCCCAGG
GATTGTAGGTGAACCGATCACATTTGTTGTACTTGTGGAAAGTCTCGGCTCAAACTCATCCTTCAGCGTCAGCTACGGGGATGGGTTTTCAGAGCCATTACCCGAGCCTCAGCACAACATTGAC
ATTATGCAATTTGTACCACGGAATCTCGCTCTGCCAACCGACCCAGCAAAGTCCTATGCCACAGTCATGAATCACACCTACCAAGAGGTTGATTTCTATGCACCACGGGTTACTGGCTCCAATCT
GGCAATGGAATGGATCGCCATCACCTACGTTTATGTCCAAGATGTTGCACACCTTTGCAGGATACCGGTCATTCACATACGAGATGGTGGCAGTAGCTACTACCTGGCTAAGAAGTACAGCCGA
AGTAAAGCATTCATCTTTGGTGCATCAGTTGAGATCAACTGCCAACAGGCCAAGCGAGCACACTACCAATGGAGGGTTTATACAGTTGACAGCTTATTCACAGTCCCAAGCCCATCCAATGAGG
TTGGCCTGCCACCTAGCGTCAACGCACAGGCTGCAGATATGTACATTCCGGGGTTCACTCTGGGGTATGGCATGTACATCTTTCAACTTTCCGTCACTTTGGTGATGAAGGAAGAGAGTGAAGC
CAGTATGGAGAATGTTGCCCATAGTTATATTGAAGTTATTCCTGCTGGTCTTGTAGCTAGAATCAGGGGAGGATCAGCACTGGCAACAGGCTGGTATTCCAACATCACTCTGGATGCCTCAGACT
CCTTTGATCCAGATCAGACGCCAGACAGGGCATCGCTGGGACTCAGTTACACGTGGTATTGTCGCAAATCTAATGAGCCTTTCCCTGAGAACATGACACTCACTCCTCATAACAGACTACCCTC
CACAGGTGGCTGTTTGGGGAAAGGATTCCTCCTGTCTCAGACCAGTACCTCAGTGGTTATTCCAGCTCAAACCCTGACTGGAAACCAGAGTTATGTTATCCTCCTGAAACTGTCGAAAACTGGT
CGTGAGAGTGCATATGCTGAGCAGACAATTATTATTCTTCTTGGACATCCAAACAGCATTTACATTAGGTGTTTGATGAACTGTGGGTCCCAGCTTAATCCTTCTGCCCGACTGGTCTTGGCTGG
ACTGTGTCCTGACTGTACAGCTTCCACTCGGCCTTCTTTTGAATGGTCACTAAGATCAAGTAACCACAGCACAGCAGCACCTGCCCTGGACTGGGCGAGGAATACTACAACTGGGAAGCATCAC
CCTTACCTTGCCATCAACGCCGGGACATTCTCTGGATCCAGTCAGGAGACGTACACCATTCACCTACAAATGCAGAGCAGGAGTGGATCAATCAGCTTTGCAGAGTACACATTCACAGTGAACT
CCCCTCCAACCACTGGCAACTGCACCATCACACCAGCAGAAGGGGTTGTCCTGACAACACACTTCTCCATCATCTGTGAGCACTTTGAGGACATACACACCCCACTAACATACGAGGTGCACAC
TCTAAAAGCAGCAGAGAGGTCTGTTGGGGGCGGCGCTCATGCTGATGCCTCAGTAGAAGACACTCTCCTCTTCTATGGATTGGACCCAAACATTCCAGCAACCCTCCTTCCCCTCGGCCAACC
CAGCCAAGGCTACAGGGTGGACATTAAGATCAAAGTGACCGACTCTTTGGGTGCCAGTGTCTACACATTGCTATCTGCTGTAGTACGGGAGTCGGAGAGCGATGACCCAGAGGCACTGGCCCT
GCAACTGACCTCTGACAAGTACTCCAAACTGAACCAGCTGATGGAAGAAGGAAATGTCCAGGCAGCCACGCAGGTCATCACCAGTGTCGGCTCCTTACTGAACCTGAAGTCAGAAAGGGACAA
CCAGCATCAGGATCATGGGGTCATTGAACAGGCTGTTGAGAACAAACACAAGGAAGAACTGGAGGATCAAAAGAAAAAACGAGCGCAGGCTAGAGAGTCTCTTCTCGACATGCTGAGTAAAGT
CAAAGTGAATAGCTTGGAATCCATACAGCTCACTTCATCAGCCATCTCCCAGGTCACCAGTGAAGTTGAGGAGATATCTCCACAAGCACAGGTGTCTACTGCTTCTGCTTTCTTGAGTATGGGAT
CTTGGCTGAAGGAGCAAGCTGATATGGGTGTGGATGGAGACGTGGTCGAGGGGGCAGCCACGTCTATGGTATCAGGGTTGTCCAACATCATGAGTTCTGCCACCATTACACAAAGTGGAAATG
TTTCGGACTACGGGCCAATTTTTGAGAGTGAGAGAACCCAGCAGACTCGTAACGTCACTATGGCTTCCCTCCATGCCCTGGACGACATGCAGGCTGCCATCTTGCTCAACAAGGTGCCCGGAG
AGCAACCCACCGTCCTGCAGACCAGCTCCCTGTCAGTCATCCTACAGAGGCAAGAGAAAAGAGGCCTGGATGGGCTGGTGTTGCAGACTGAGAACTCAGACGTGGTGTTCCGCTTACCAGCA
GGGTTGAGCACAGTCATCGATCAGCACCAAGCATCCTCAAATAATGAAGTCATCGATACACAGATTCATCACTTTCAACAGAATCCTTTCTCTTGGGCCAAGAGTAGCAGCTTGGTGACAACTCA
TGTGACCAGCTTGAGACTAGGACACGGCGATGACCAATCAGAGATCGCAGTACAGACTCTGCCACAAAATGTGGAAATAATGGTAACCAATGGCGACAGTGTCATGCCAGTCCTCCAACCACT
GGCTGGTCAGCAAACCAATCACAGCTACTCCTTCAATGTGACCAATGCAGATGCAGCTGTCATCATCAGGATCCAGTTGAACCAATCATCTGGGCTGACAGAAGTCCTTCCACTGCATTTGTGC
CTCCGATTCGAGTTGGCAACAAGCGATACTGAACCACTATGCAACGCCTCTGTTACCATGCCACGGGCTGCAACAGACCCCCACGTGTTCCTGAACAGCACAAACATGACCTTTGACCCTTACC
TCTGGGTCATCCCGAGCGAGAACTTACCTGAAATTGGCAGGTATTACCTGACACTGGACGGAGGGGATGGCACTGATGTGACTAATAAGCAGTATCATGTGTATGCTTTCAGTACACAGTGTTT
GTTCTGGGACAAGACAAGAGAAGAATGGCTAGGTGACGGCTGTAAGGTTGGTCCTTTCACCACTGCAGCCCAGACCCACTGCCTCTGCAACCACCTCACATCCTTTGCAGCCAGCTTCCTGGT
TCTCCCAAATCCAGTTGACCTGACGGACTTTTCCCTGTTTGCCACCATTCCAGATAATCCCATCACCGTGGTAACGGTTGCCGTGGTGTTTGTCCTCTTTGGGCTGTGCGCAGTGTGGGCACAC
AGGAAGGATCGTATAGAAAGAGAGAAGGCTCGACTCATAATCCTGGCAGATAATGATCAAGAGGACACCTACCGTTATCACGTCACTGTCTTCACTGGGGTGCGTCGAGGGGCCGGCACGACA
GCCGTCGTCACCCTGACTCTTCAAGGCATCGTGGGAAACAGTGAGCCACATGTGCTGTCCAGTGACAGAGAACATCACAAAGTGTTACAGAGGAGCAGCGTTGATTCTTTCCTGCTGACAACAA
GGGAATCGTTGGGAATACTACGATCGGTACGGTTGTGGCATGACAATGGAGGCAGCAGCCCTGCATGGTACCTTAGCCGCATCCTGGTCCATGATCTAGAGACAGACCGCTGGTGGTATTTCC
TGTGCCACACCTGGATTGCAGTCGATCTCAGTGATGGCAAAATTGACAAGACATTTCCCGTGGCTAACACAGAGGACCTGAAGGACTTCCACCACTTGTTCTTCACCAGGAGCGTCCGGGACAT
GAAGGACAACCACCTATGGTTGTCCGTGCTGTCCCGGCCTCCCCGTAGCAGCTTCACCCGGCTCCAGCGTGTGGCCTGCTGCTTTTCTCTCCTCCTGTCCTCCATGCTGATGAACATAATGTTC
TACAAGGTCGGCGAGGGGGAGCCTGATAAGACCTACAACTTTGGGGTGATGAGCCTCTCCGTTAAGACCATCGTAATAGCAACCGAGGCGAGCCTGCTGGCATTACCTATCAACCTGGCTATT
GTGCAGATTTTCAGGGAGGCCAGACCAAGGGAGAAAGAGGAAGTAGAGATTGTACCTGCGAGCGAGTCGGGAGATTCACAAGATCAAACTTATCAAGAGCAGGAGGACAAAGGTAGCTTGGA
CCCGCAAGGTGTAAATCTCTCAAAAGCAGGATGTGCTGACACTGATGCCTCCTTTAGGTCTTCAAGCATCCAGTCTCAAACCTCAAGCATGCCAAAGTCAGCATCAAGAGGCTCTACACAACAC
AAAGTAAGTCAACCACAAAACCCCAGGAGGGAGGACACCAAACCACTTGCCAGCCGTGAGTCTTTGCCAGAGAGAGACATTTTCAGCAGTGACAAAGCATATGAGGAGTACACTGATAAGTATG
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CAGAGTTTGTATATCTGAGAAGTACTTGTACAAGTGCCAATGCAAGTAGCCACAGGTCACTGGAAACTGGCAGCTGGCACAGTATGATACCGTTAGAAAGGAATCCTTCAAGCATACATGCTCAA
CAAGCTTTCCGGCTAGACCTGTTGCCAGAGTGTGATCAAGCCTTAATGTCGACCAACATGACAGAACTGACCAAAACAGCCAGAAACTCCAATGCAAACCACAACTCATCCAGTAGTGAATCGA
GCATACAGCCGCGCTCTTCACAGTCCAACACAACTTCCTGCAGTGCCAGCAGCATCAAGATTCTCATTTCACCATCCGAGGAGTCATCCATTGATCCAGGCTCGTCTGACTCAGTCATTTATACG
TCTTATCAGGACTTCCTGAGCTCCCGTCTCAATCGGCTGTACGAACAGCTTCACAATCCTTCGCCAGGCCTCTTCAGGAGTGACCAGGACCGGCAGAAGGCCCTGCGCAAGTTCAAACTGGCA
CTGGCCCTGCATGGCTGGAGAGAGGAAAGGGAGAGGGAATCGGGGTCGGAGAGTTCAAATGAGACCCTGCCAGAGCAAAAAGACAAGGTGCAGAAATTGTTCAGTGGAAGGGGGTTTCTGC
CATGGTGGTGGGTCTACATCGGCTGGTTCCTTGCCATATCCTCCAGTCTGTTTGCTGCTTATCTGATTATTCTCTATGGCCTGACTTTTGGCAAGCAGAAGTCCCTGGACTGGCTGGTCTCCATG
ATCGTCTCACTGTTCCAAAGCATTGTTGTGATCCAACCAGTGAAGGTCATTGCCATAGCGGCTTTTTTTGCCATTGTTTTGAAATCTTATGATTACGACGAAATTGGAGTGACATTCTTTAAGCAG
CTCAAGATATATGCAGGTGGCCAACAGTCCAGCACCACTAGCACCCAGAGCAAGCACAGAGACTCCCACTTCTACCAGCCTCCCACTGGCCGAGCCGTGGAGCAAGCACGAGAGAAGCGACA
CGCAGAGAGGAAGATGTACTCCCTGATCAAGGCCTTCCTTGGCCATCTGGTGTTTATCTGGCTGGTGCTGCAGGTCAGCATTGCCCAGCGGGATCCTGCTGGCATCTACCTCAGCCTGGCCAT
GAGGAGTAGCTTCACGACAAAACTCGACCAGGTAAAAACAATGCCAGATGTGTACACATGGATAAAGGGTGAATTTGCTCCAAGTCTGTATGAAGCCGAGCCTGGCACTGCTTTGCAGGAATCC
CTTCTTGTGGGCAGCCCGAGATTACGCCAGCAGAGAGTTAAACCAGGCTACTTACAACACTGCAGGGAGCTAGACACTTACCGATACTTGCGTCCTGGATGCTATGCTGTCCGTGGCACTGAG
TTGGACCAAGGTGCTTACAATGCATCTTGGACTCAGCCTCTGTCATCTAATAACACATCACAGCATCAGTCCCGCAGTCCTTGGGTCTACCAGTCCCACTGGCAGGCAAAGGGGAGCTACTTCC
TGACAGACCCCGGGCGCTACAACCGCGGGGGTTTCCTTCTGGATCTTGGTACAACTAGGGCCTCCACAGCCAATCAGACAGCCCTCCTGCAGGACTTGGGCTGGGTCGATCAGTACACCCAG
GCGATAATCCTGGAGTGGGTGGTTTACAATGCCAACACAAACCTCTTCTGCGCGTGCACTGTTGTGTTTCGCGCCGAAGGAACCACCACCGTGGTGCCCTCTCACGAGTTTGCGATTGTTTGCA
TCTACCGTTACACCAACAAGTATGACAAGTTTGTGGTGATTCTGGAAGTGCTGTATGTCATGGTTGTTACTGTCATCATGGGAATGGAAGTTCTCAAGTGGAAGAACAATCGCAGGGAATACTGG
GCATTCTGGAATGTCCTAAATATTGCCATCATTATTCTATCCATTTCAGCAACCACAGCATACATATGGCAGCACGTCTTAGCCAACAACATCATGCAGCTGTACAAAGCCAACCACAACATGCAT
CTCAGCTTCGCCGACATAGTCGTCCTGGACTCCGTCTTGGTCACCAGCCTGGCTTCCGTGGCCTTCTGCAGCCTCCTCAAGTGCCTCAAGATTCTCCACTACAATGACAGCATGTACCTACTCC
ACAGCACGTTCCGCAGACTCACCAAGACTCTCCTCATATACCTGTCCATGTTGACTGTCACCTTTGTGGCATTTGCATACTACGGCTACCTCAGCTTTGGCCGTCAGTTCAGGGATTTCTGCGAC
CTTCTGCGATCCATCCAGTGCGTATTCATGCTCATCCTCCGCAGGTACAGCGACATGCTGGACATCATGGAGGCGTTTGGGATGCAGGCGTACTTTTTTTTITGCGCTGGCCAACTTCTTCCTGA
TCGCAGTCATCGTCAACCTGTTCATTGCCATGCTACTGCACTGCTACTCCGCAGCCAGGAGTGAGTTTGTCCGGTACAAGGACCACGACTTGGTGTCCATGCTGACCGAATGGTTCCTCTCGG
CTTTCTCCATCAAAGGGCAATACAAGAGGGTGCACAAGCACAACAGCATTGCCTCACTGGAGTCACTT
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CTCTAACCTAATGGACTAGGTCTACTGTATCACCTGGCTAATTAATTAAGATCTATCAAACAGTTGGCAGCATTGGACCGACCCCTGTATGGAGTTTGCTGCTGCTATGCGGAATGTCGTCTTCA
TCTCGTTTCTACTCAACGCCGTCTTCAAGGCAGCCGTCATCGCGGGTACAGAGACTGAGATCATCTGTGAGGGGCAGAATGGAGTTATTGACTGTGGTGTGGATATTATCAGTATTTCTTCCTCT
GTCTATGGGCGGACCGACACCAACACGTGTGCCGAGGATGATTCCAACACCAATTGTGTCTTAGATGTGGCCCCTGAATTGGCTTACTGCAATGGTCAAGCACAGTGTTCGATTGAAGCCTTAA
ACCTTTCTTTTGGAGATCCATGTCAAGGAGTCCTCAAGTATCTGAATGTCACATACATCTGCAAAGATTCTGTCTGTGAAGCTGATTGGGTCCATAATAATGGAAGCTGTTACCTGTTCCATGAAG
AACGGACTACTTGGGAAAGCGCCAGAGAATTTTGTCTAGGACTTGGTGCTGACTTGGTCAGCATACACAGTGCAAACGAGAATGCATTTGTAAATGATGGAATTTCAGGTAATGCATGGATAGG
AATAACTGATCAGGAAAGCGAAGGAGTGTTCTCGACATTTACAGATGGAACTCCAATAGACTTCCAAAATTTTCCTGGTACCGCTTCCAGTCATCAGGGTGAAGCATATGATTGTGCTTTTATAAA
TCTTACACATGGACAATGGTCTTGGAGGGACTGCGAAAACCGATACCTTGCTGTGTGCAAACATGTCTCTGCCATTACCAGCACCATTCACCCTATTACAACTCTACATACCACTCCATCGGTGA
CAACAACACCAGCAATTCAAGAGATTGTTCCTACACCATTTAATGGCACACAGTTGCAGACAACGACCCAACCTTCTACAACAATTAATAATGATGAAGTGCCATCTTGTGATGCTACAAGTGCAA
TCACCATAGGATCTAGTTATCTATGCATAGAGCTTTTTCTTCTTCCCGATTATGTGTCCAGTATTGACAACATCTTCAGGGTGAATGACACCGTCGTTGCGATGGCATCTGTTCTGGGGTCCTTTC
AACCGCTGTCATCTGAAATCGTGTGGTCCATCACAAACCACCTATCAGGTGACTCGGTTCAATACACAGTCTACTCTGAAGATGCAGTGCTCGTCCTGTTCACCACGACTTCAATTTTCACCATT
GAAGCGACGGCTGTCGGGACTGACTCTCAAGACCTTGCAGCTACTGCATCTGCAGTGGTACTTCCCGCAATCCAGATCCTCTGCCCAACTCATGTCTATGCAAGCAGGGAGGTTCGGTGTGCT
CTCCTAACAGACAGTGTTGTCACGCATTCAAACTATACCTTCTGTTTTGACAGCTCCGAGGACTCCTGCTCAATGGCCAATCCAAGATCATGGTCTTTGGATGACATCCCTTATGAGTTGATGGA
CAGGGTTTCTGTTATGGATGGGTTTCTTGCTAGCTTTCTTAATCACACGTATTCAGGAGTTGGGTCTTACATGGTGACTGCCGAGATATTTCAGACTTTGGCCACAGCGGTTGAAGTAAATGTGA
CTGTAGACCATGAGTGCATCAGCAGCCTCAGGATGGTGAAGGGGCATGGCAACACCACCCATCCTGCTGTGTTTCTCAGAGCCTCAGAGATCGCCATCTCGGCCCACATTGAACTGGATGAAA
AGTGCATTGGCCCCATGACCTCTGACTTCAAGTGGTGGATATTCACATCTACTGTAGACGATGATGTAGTGATTGCTTTTGAAAAGATCACACATACACCTCAAGTGACAATTCCAAGCGGAACG
CTACCCTATGGTATTTATAGCCTCAATCTGAAAGCTGATACTCATCTAAGAACATCAGATGAAGTGATTGGTGAAGTAAAGATCATCACTTGGTTGGAGATCCAACCATCTCCATTGGTAGCTTTT
ATCAAGGGTGGAGCTTCACGATCTCATGGTGTATCTTCAAACTTGACAGTTGATGGAGCGAACTCATATGACCCCGATGTGAACCTTAGGTCATCCAGTGACCTGACCTTTCTATGGTACTGTGT
ACTGGTTGATCCTGACATTATGTACTCATCTCTTGATGCAGCACTACAAAATACAGATGATGCTTGTTTTGAAGGTGAAGAAATCATGATGAATTCATCCTCTTCCAAGGTTGAAATAATTACCAGC
GAACTTCAGGCCAATGTGATTATGAACTTCTGGCTCATTGTTTCAAAGGATGGAAGAACATCCGACTCGACCCAACAAAGAATCCAGTTGACACCGGGGCTATTGCCAGAAATAGAAATCAGTTG
CATAAGTAACTGCAACACATACTTCTTCACAGCTGAGCGTCTGGTCCTACATGCCTCGTGCAGCAACTGTGACAGTGAGAATGAAGATGTAGTGTTTCTATGGAGCCTGGAATCAGATCATACCT
CCATTATAGGTGACTTGTCTTCACAGACTTCTACAGGTCTTGACCAACCCTACCTGGTCGTCAAGCCTCACACATTTGATTCCATCTCTGAAACGGGTAGCATCATCATACGAGTTACCGGTTAC
ACGTCCAATTCCAGTTCAGGTGGCTATGCCGAATTCAGCGTCAAATTCAATGCTCCACCCACATCAGGCAGCTGTTCTGTAATACCCATAGATGGATATGCCCTACAAACAGACTTCACTGTCGC
ATGTCAAGGTTTCACTGATGTGGATGACCCCTTAACATATGAGATGTTGATATACAGCAGTGTGGATGTAGTGGATGGCGACTTTGTGGGCCTGGGAGAAGGTTTTCAACTTTATGAAGGCAGT
GAGTCATTGCAGGATGGACTGTATCTTCCAGTTGGAGATGGTGCACATGATTATAGTATTCTACTTCAAGTTAATGTGATAGATTGTTTCATGGCTAGTACATCAGTCTTCCTGATTGCTGCGGTC
CACCCTCCAACCATAGATACTGGAGGGGAAAACGGGACTCGGGAACTACTGAACATGACATCATCTGTTGAATCCAATGTGAACTCATTGTTAGCAGTAGGAGATACAGGACAAGCTGCACAGC
TCATCAATGCTCTTGGGTCCATTCTTAATTCCATTGGAGATGAGGATGATGATGCTGAGGATAATGATGAATGGAGAGATACCAGATCAGAGATTCGTTCTTCTCTAGTTGACTCTGTTGCTGCCA
TACCGGTAGAGTCTATGTCATCTCTGAGGCAGAGCTCAGCTGCTCTAGCTGTCATAACTCACAACAAGCGAGAGATTTCTACTGATGTACAGGTGAAAGCTGCAAATGCGTTATCTGAAATGACA
TCCTTCCTGAAAGCAGAGTCTGGGTCTTACACTCAAAGTCAAGGAACCATCGAGTCGGCGGGTACCATTCTGGTGGAGGGGTTGTCAAACATTTTCAGTGCTGCCAAGGAAACAGAAAGTCTTC
CCTCAAACAACACTTCTCAAGATGCACAGGAATCCAAGGCAAAGTCTAATAAGGAACTGACTGAAGCTGCTGTGTCTGCAATCAATGACATCCAAGATGCAATAGTAGCCGGCAAGATCCCCAG
TGAGGAAGCTACCATCATTACATCTCCCACTCTCAGCATAGCAGTAGGCAGTATCAGCAGAGACATGCTCTCAGAGGCTACCTTCAGAGGTTCTGATGAGGATGATGTTGATGGTGGTCTTGGT
AGCTTTACAATGCCTTCTCGAGATGGAGTATTAGATGATACTCTAGACAGTGTCAATGGGACAGTAATTAGCATGCAGATGTCGACGTTGAGATGGAACCCATTCAGTTGGGGAGCTGGAGAAG
AATCTCTCAACCCTAGATCGGTAGGAATCCAACTGAAAGCAGATCACAATATATTACAAGTCCGAAACCTGTCTGATGTCATCAGTGTGTACCTACCAGTAGAAGAACCCCTATCAAGGGATCCC
CTCTCTGTCCACATCACCAAGGACTTCTCGGCTTCTCTTCTTGTCAACCATTCATCAATGGCTGAGGATGGGGCCTTGCACCTGATAGTCAGAGCTGAGAATGAACCCATGGTTACCCTGTCTAT
CTGTACAGCCAATATCAGTATCAATGAGACAAGCTGTGTGGGAAATGCTATGGTAGTAAGATCCAGCAACGAGGACCTGTTGAACACTGCTGCTAATTTCACATGGAGTGTCTCTGCGGCTGAC
TTGAGTGCTGCGGACGGGATGATGATCAGTCTATATGATGGTAAAGATCAGCCTGTCTATCAACATGACAACATCACTCTCTCTATTTTCATGCACACCCCACAGTGCACTTTTTGGAATGAAGA
CGAGCAGGCATGGGGCAGCGCAGGGTGTAAGGGTGGTCCTCTTTCAAATCCCACCAAAACCCACTGCCTATGCAACCATCTAACCTTCTTTGGATCATCGCTCTTCGTCCCACCAAACAAGATC
AACATTTTCAAGGATGCCAAGCTGTTTCTTACCTTTGTAGATAACCCTATTGTTGTGAGCTTTGTAGCTTGCGTCCTGGCAGGTTTTGTCTTGGTGGCAGTGTGGGCAAGAAGGAAGGACAAGAG
AGATGCAAGAAGAGCTGCAGTCACTGTTTTAGAAGACAACGACCCCTACCACCAATACCTCTACAATGTCACTGTGGTAACAGGCTTTCGCCGTGGATCGGGCACCACAGCAACCGTTACCCTC
ACACTGACGGGCAAGGAAGGTCAAAGTGATCCACACGTCCTGCATGACAGTTTCTCACCTATCTTGGACAGAGGGTCAACGGATTCATTTCTGTTGACCACTGCCAAAGGCCTTGGGGATATTC
AGGCTTTAAGACTGTGGCATAACAATGCTGGCAGTAGTCCTAATTGGTATGTGAGCCATTGCATAGTCCATGATCTAGAGAGTGATGAGCGCTACTATTTCATCTGCAACAGCTGGATGATGGTG
GAGTTTGGAGGCGTTGGTCTGGACAACACCTTCCATATAGCATCATCCAAAGACTTGCACAAGTTTGGACACCTGTTTACTGCACAGACTGTACGTGATCTCCGTGATGGCCACCTCTGGCTGT
CCGTCCTGATGCGTCCAAAGCACAGCAACTTCACCTGTCTGCAGCGTGTGTGGTGCTGCCTGTCCTTGCTCATGTGCTGCATGATGACCAGCATCATGTTCTATGGCATCCCGAATGATCCGGC
CGATCAGGTCATGGACTTTGGGACGTTTCGAATCACCATCAAAGAGATCATCATCGGCATTCAGAGCTCTCTCATCGCCTTCCCTGTTAATCTCCTTATCGTGCAGATCTTCAGACACATCAGAC
CTAGTTTAAAGGTGCGAACAGCTGCTCATAGAGAGAACGACATGGTCAAATCAAAGCCTGACATTGCCCATTCACTTTCTAGTATTGACTTGGCCAGAAAGGAAGATGTGGAGAGTGACTCAGC
CGACCATAAAGTCACATCGACGAGCATGTCAAAATCATTCCAAAATGAGGAGAGAGAAACCTTACCAGGTCATCTACAATCACCAGAAAAGTCATCTCATCATTGGGTCGGTGGAGGAGATAGTT
CTTCCACATCTTCTAAAGATGACAACCCTGGGAACTCTTCGGCTTCTTCCTCTACCACTACTCTGCCATCCCGCATCTCTTTTAATAGTTCCATGTTCCGCCAGGAGATGGATGATTTTGTCTTAC
GATCTGTCTCTGCAGTCATGAAAGAATGGGGCGGTGACAAGCGTTCCAAGCGCGTGGAGATATTCGGACATGGAGGATTAGACAAAGTAGACCAACCACAGAGTGAAGCAAAAGAAGACACAA
CTTCTCAATCAATCCAAGAGGACCCTAAACAATTGAAAGAGGAAATTGATCTTGCAGAATGTAGCAGAGATTCCCCAGATGATCTTAAGCCACCACAGATCCGTGGTGTCACTCACAACTACTAC
CTATACTCGCGTTTGCTGGATATGGTCAAGGGACTGTCCTTAGCAGACAGGTTCTATGACCCTGAGGAACATAAGAAAGCTTTGAGCGAGGCGCAGACCATTGTCATGACAGCAATGAAAATTG
ACACACCTCCTACATCACCTGATGAGTCTCTGCTCTCTGAGGATGTTTCTCTTGAAAAGATTAAGCTGAAACAGAGAATCAGGGGTCTTCCGCATGCCTGTGTGTACATTGCTTGGCTGTTGGTG
TTCTCCACTGTGCTCGCTTCTTCATACATCACAATGCTGTATGGTCTCAAGTACGGCAAACAATCCAGCATCGACTGGTTGATCTCTCTGTTTATAGCTACCTTTCAGAGCATCTTTATCACACAG
CCCATCAAGATTCTCTTTCTTGCTGTCTTTGTATCTCTCATCTTCAAACAGATCGAACCAGAGGAGGATTTTAGTGATGATATTGAGGAACTTCAAGTGGCTAATGCCCAAGAGACCCAAAGAGCA
CTTCAGAAACGAAGGAACACCATGGCCCATTACCAACCTCCAGCTGCTTCTGCCATCCACTCTCACCTGAGGAACAAGCAACTGAAGACCCGCATGTATTCCCTGCTGTGGCAGATTGCTGGTT
TCCTATGCTTCTTCTATCTCCTCATCACCATCACCTACACTCAGAGAGACAGGCAGGCCTACTGGATGACCAGAGGAACTAAGGGACTCTTCTTCTATCACAAGAACAAGGATTACCACTTGATG
AACGACTTCCGTAGTTTCCTGAAGTGGGCGGACTCAACACTTCTACCTGGCCTACTAAGTGAGAATAGATGGGGAGCAGAGAAACAATCCACATTGATAGGAGGGGGTCTGAGACTAAGACAA
GTCAGGGTCAAACCAAGTTCCTGTGAAACTCACCCCCTATTTGTCGACCTGATCAATGACTGTCGAGCCCTTTTCACTCCAGAGTCGGAGGACAGAGAATTATACAATGCATCTTGGAGTCAACC
CATCGTAAACATGTCTGCCTTGCTGAACTCCTCGCAAACAGTAGAAGAATGGAGTCTCTCCAACTACTCTCCATGGCATTTCTACCCGGACAAAGCCGTGGGTATGTGGGGTCACGCAACGTCG
CTTCCAAGCAGTGGCTACATCTGGGTATTGGGCTCCATGTATGAAGAGGCTAAAGATTCTTTGGCAGAAATGGTGGATGCTCGATGGCTGGATGCACGAACCAGAGCACTCTTTGTTGAGTGGA
CATCATACAATGCAAACACCAATCTCTTCTGCGTGGTCACTTTCCTCATGGAGACCCCTGCATCAGGTGGACTGCTGAAGCTACCTGAAGTTCAGGCAGTCAGGCTGCATCGTTATGCTGCTAA
TTATAAACTCTTTGTCATCCTCTGTGAAATCCTCTTTGTTGTGGCTCTGTTCTTTGTAATGTATCGAGAGTACGTCAGATACAAGCCCATCGGGATCAGGAAGTACTTAAGCGACAAATGGAACTT
GTTGGAAATTGCCATCATCGTCAATTGCATTGTATCTGCTGGTCTGTACATCTACCGCTATGTTATCACGAAGCAGCTCTTCAAGCAGATGAGGGATGAATCTGTTCGCTTTGTAGGTTTCCGCA
CTGCCGCAACCAGTGACAATGCTCTTGGCTACAGCTTGGCGGTTATCATCATTCTCAGCTGTGTCAAGTTTCTCTACCTCTTGCGTCTCAACCCTCGCATGTACCTTCTCACCTCGGTCATATCC
GACTGCTACCATGAGGTCATAGCCTTCACCTTCCTGATCTTCATCCTCATACTGAGCTTTGCTTTTCCCATGACCATCATGTTCGGCAGTAACCTCCCAGACTACCGTGATATCACCAAAACGGC
TCTCAACCTCTTCATCACACTGCCAGATAACTTTGTCTATGAGGACTTGAAGTCTGTCCAGCGGGTGCTCGGTCCGCTGATCCTCCTGCTGTTTCAGTTCTTGAGCTGCTACCTGTTCTTAGATC
TCTTGATTGCTGCTCTCAATGAAAGCATGGTGACTATCAGGAGACATCCCCCTCCACCTTCAGAGAACAGAATGCTAGGTCTTCTGCTTCTCTCAAAGATATTCTCTTTACTGGGTATTCCAGACA
GGTTTCACATTAGCCTAGATTAGTGGGACAACTGTAAAGCAAACTCATACAAGTGATTTGTGATAAAACCGATTTCATGTTCTGTTGTCATTACCTCTTTCTCCCAAGGCTACTTTTTTAGAACTGT
AATTATCTAATGATGAATATTCTTAAAAGTTGAATAATGCAACTGAGGTTGATTTTGAATTCTATAATTGTTTAGAATTTTTTTTATTCCCGTTCCAAGTCTAATATATTGAAGTTCATCATTCTAAATA
ACTCATGTTAACACCTGATGACATCATGATTAAAGGAGGAAATTTGTTGAATTATTGAAGGTTATTTTTAAAATGTGATGACTTTTTCAATGTTCACTTACTTTTGATAGTAATTAGAATTATTTCAAT
ATGAATGAAAATATTTCAATGCATTTGGATAAATTAGCTTCCAACTCCGATCAATTATTTGCAAATTCATAGTTTCATGTTTCTGTTGCTTGTTTGCTATAATTGAATGAATTATAAATTTTTCAATGA
AGTTTAGATTTGGAACAAGTTGGCAGAAAATAAATATATGCCTCCTCTCATGGTTCAAAAGTGTAAATAGTTGAATATTAGCTACTTCGCAGCTTGAAGATAGTCAACTGAGG
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Appendix M.  Summary statistics for the reference
transcriptome assembled from all Cryptasterina hystera and
C. pentagona individuals

Summary statistics Species Tissue Individual Value
Cleaned lllumina reads 593,663,412
Total transcripts in reference 525,005
Total genes 286,387
Total ORF transcripts 102,511
GC content (%) 42.93
Median transcript length (nt) 424
Average transcript length (nt) 818
Transcript contig N50 (nt) 1,432
BLASTX - SwissProt 78,332
BLASTP - SwissProt 65,901
BLASTP - NCBI invertebrate database 81,651
BLASTP - A. planci database 79,049
eggNOG 63,116
HMMER - Pfam 66,796
TMHMM 20,058
Unique transcripts from all BLAST searches 95,355
Total C. hystera transcripts 279,634
Total C. hystera ORF 67,574
Total C. pentagona transcripts 371,846
Total C. pentagona ORF 78,751
Cryptasterina hystera ovotestis  hermaphrodite 1 61,310,066

hermaphrodite 2 68,655,552
hermaphrodite 3 56,712,146
hermaphrodite 4 69,824,173

Cryptasterina pentagona ovary female 1 69,438,433
female 2 72,168,663

female 3 67,472,449

testis male 1 63,631,112

male 2 64,450,818
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A reference transcriptome was built from nine RNA-seq libraries (four C. hystera
and five C. pentagona) with a minimum phred score of 33 and a total of 593 million
trimmed reads. The reference transcriptome was composed of 525,005 transcripts from
which Trinity reported 286,387 genes and Transdecoder found 102,511 transcripts with
open reading frames (ORFs). At the species level, the assembly of C. hystera had
279,634 transcripts from which 67,574 had ORFs. The C. pentagona assembly had
371,846 genes from which 78,751 had ORFs. A blast search of the transcripts with
ORFs with a minimum expectation score of e = 1 x 102° had 24,743 (31% of total ORFs)
of C. pentagona transcripts as a match to 53,736 (79% of total ORFs) of C. hystera
transcripts. The larger number of transcripts assembled in C. pentagona than in C.
hystera may be due to the higher expected heterozygosity in C. pentagona, in which the
additional transcripts may reflect a second allele with differing SNPs.
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Appendix N.  Transcript length of reference transcriptome
and annotated transcripts (y-axis = number of transcripts, x-
axis = length of transcripts
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reference transcriptome acquired with Transdecoder (Haas et al., 2013), were searched
for homologous hits using a custom Uniprot database which included Kyoto
Encyclopedia of Genes and Genomes (KEGG) (Ogata et al., 1999) and Gene Ontology
(GO) annotations, the NCBI Acanthaster planci protein database, and the NCBI
invertebrate reference database. The translated sequences were also annotated with the
protein domains predicted by HMMER (Finn et al., 2011) and the transmembrane
helices predicted by TMHMM (Krogh et al., 2001).
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Appendix O. Counts of sequence length coverage (“count
in bin”) and counts of transcripts that have at least the
sequence percentage length coverage at each level (“> bin
below”; e.g. 11,446 transcripts have a hit percentage cover
of 90% or higher) for the reference transcriptome with the
Acanthaster planci reference database and the UniProt
reference database

Reference Hit percentage Count in bin > Bin below
cover in bin

Acanthaster 100 10095 10095
90 1351 11446
80 1017 12463
70 925 13388
60 1019 14407
50 875 15282
40 796 16078
30 715 16793
20 608 17401
10 389 17790

Uniprot 100 3874 3874
90 1679 5553
80 1204 6757
70 1077 7834
60 979 8813
50 1112 9925
40 1080 11005
30 1074 12079
20 867 12946
10 317 13263
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Appendix P.

Female vs Male
Female vs Male
Female vs Male
Female vs Male
Female vs Male
Female vs Male

Female vs Male
Female vs Male
Female vs Male
Female vs Male
Female vs Male
Female vs Male

Female vs Male
Female vs Male
Female vs Male
Female vs Male
Female vs Male
Female vs Male
Female vs Male
Female vs Male

Female vs Male

Female
Female
Female
Female
Female
Female

Female
Female
Female
Female
Female
Female

Female
Female
Female
Male
Male
Male
Male
Male

Male

TRINITY_DN52374_c1_g1_i1
TRINITY_DN60856_c4_g4 i1
TRINITY_DN54712_c4_g1_i1
TRINITY_DN60995_c3_g3_i2
TRINITY_DN41918_c7_g1_i1
TRINITY_DN64153_c1_g3_i1

TRINITY_DN48178_c2_g1_i2
TRINITY_DN56872_c2_g2_i1
TRINITY_DN54946_c0_g1_i13
TRINITY_DN62347_c1_g1_i8
TRINITY_DN64720_c3_g1_i1
TRINITY_DN64410_c2_g1_i4

TRINITY_DN65193_c3_g1_i4
TRINITY_DN42075_c5_g2_i1
TRINITY_DN64428_c0_g2_i5
TRINITY_DN51054_c1_g1_i4
TRINITY_DN63978_c1_g1_i4
TRINITY_DN64348_c1_g1_i2
TRINITY_DN47852_c2_g1_i7
TRINITY_DN61421_c0_g3_i5

TRINITY_DN61351_c3_g1_i4

H2BLA4-like
H2B7

H2A

LVN1
H1FV
PTPRK

H4
CALD1
BHMT1
H3
EBR1
SC6A5

HYAL
UNIV
FBP1
Bindin
NCKX3
GCY
SP63
HCN4

CTSR1

Late histone H2B.L4

Histone H2B 7

Histone H2A

Development-specific protein LVN1.2
histone_H1.0-like
receptor-type_tyrosine-
protein_phosphatase_kappa

Histone H4
caldesmon-like_isoform_X4
Betaine--homocysteine S-methyltransferase 1
Histone H3, embryonic

Egg receptor for bindin

Sodium- and chloride-dependent glycine
transporter 2

Hyalin
Univin
Fibropellin-1

Sodium/potassium/calcium exchanger 3
guanylate cyclase
63 kDa sperm flagellar membrane protein

Potassium/sodium hyperpolarization-activated
cyclic nucleotide-gated channel 4

Cation channel sperm-associated protein 1
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487.6705
966.28

22108863
22080400
22101248
13415647

22110516
22109039
22108462
22082253
22084205
22099145

22088734
22089149
22081480

22105073
22107162
22090393
22109179

22081596

9049.796
4606.251
0
259.3858
151.5648
70.7425

86.749
0.03125
85.2015
36.75525
10.63475
7319775

1.56675
0.747
1.19225
6854.114
100.3945
308.5743
0.1055
71.043

44.93325

2.1565
1.5755
2880.168
1558.954
1419.127
1223.345

1166.145
993.693
960.3173
728.542
498.5953
281.1847

50.06467
38.03367
10.79667
4.202333
1.378333
1.443667
0.062

0.016667

0.343333

List of the most expressed annotated DE transcripts from each comparison

0.2465
0.3095
0.463

0.5945

0.3215
0.1755
0.2885

1.703
0

1.361
0.0145

0
22958.83
1192.771
1089.988
907.0715
357.9895

258.1955



Female vs Male

Female vs Male
Female vs Male
Female vs Male
Female vs Male

Female vs Male
Female vs Male

Female vs Male
Female vs Male

Female vs Male

Hermaphrodite
vs Female
Hermaphrodite
vs Female

Hermaphrodite
vs Female

Hermaphrodite
vs Female

Hermaphrodite
vs Female

Hermaphrodite
vs Female

Hermaphrodite
vs Female

Male

Male
Male
Male
Male

Male
Male

Male

Male

Male
Female

Female

Female

Female

Female

Female

Female

TRINITY_DN54466_c2_g1_i3

TRINITY_DN54018_c2_g2_i6
TRINITY_DN62496_c2_g1_i9
TRINITY_DN61780_c4_g1_i2
TRINITY_DN61917_c0_g1_i4

TRINITY_DN59859_c4 g1_i4
TRINITY_DN60562_c8_g1_i1

TRINITY_DN63488_c1_g2_i6
TRINITY_DN50149_c0_g1_i11

TRINITY_DN63337_c1_g2_i9
TRINITY_DN54712_c4_g1_i1

TRINITY_DN63842_c1_g1_i1
TRINITY_DN56577_c1_g3_i4
TRINITY_DN47674_c2_g1_i3
TRINITY_DN45088_c10_g1_i1
TRINITY_DN42547_c4_g2_i2

TRINITY_DN64720_c3_g1_i1

HCN1

CTSR3
SL9C1
REJ1
PDE10

ZPBP1/sp38
EFCB9

EFCB5
HCN2

REJ3
H2A

VIT6
RL21
RL22
RS14B
RS12

EBR1 short

Potassium/sodium hyperpolarization-activated
cyclic nucleotide-gated channel 1

Cation channel sperm-associated protein 3
Sodium/hydrogen exchanger 10

cAMP and cAMP-inhibited cGMP 3',5'-cyclic
phosphodiesterase 10A

Zona pellucida-binding protein 1

EF-hand calcium-binding domain-containing
protein 9

EF-hand calcium-binding domain-containing
protein 5

Potassium/sodium hyperpolarization-activated
cyclic nucleotide-gated channel 2

Histone H2A

Vitellogenin-6

60S ribosomal protein L21

60S ribosomal protein L22

40S ribosomal protein S14b {EC0:0000305}
408 ribosomal protein S12

Egg receptor for bindin
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22100809

22107721
22089278
22098115
22081884

22082164
22094445

22089636

22080165

22107069
22108863

22087199

22079484

22100623

22102036

22093230

22084205

31.87625

20.882
0.03475
12.0485
10.36225

61.39575
0

28.75425

1.10725

4.73775
0

0

0.0205

0.04875

0.0675

0.052

10.63475

0.064667

0.795667
0.549667
0.271667
0.250667

0.109
0.032667

0.011

0.040333

0.013
2880.168

1199.405

734.2237

712.336

628.8693

500.358

498.5953

242.379

209.13
133.417
86.698
82.2745

81.1285
78.1645

75.1935

2117

1.1535
0.2465

396.744

236.5215

1432.355

423.657

611.9935

1.703



Hermaphrodite
vs Female
Hermaphrodite
vs Female
Hermaphrodite
vs Female
Hermaphrodite
vs Female
Hermaphrodite
vs Female
Hermaphrodite
vs Female
Hermaphrodite
vs Female
Hermaphrodite
vs Female
Hermaphrodite
vs Female
Hermaphrodite
vs Female

Hermaphrodite
vs Female

Hermaphrodite
vs Female

Hermaphrodite
vs Female

Hermaphrodite
vs Female

Hermaphrodite
vs Female

Female

Female

Female

Female

Female

Female

Female

Female

Female

Female

Female

Female

Female

Female

Female

TRINITY_DN40387_c2_g1_i11
TRINITY_DN57175_c6_g1_i3
TRINITY_DN54726_c6_g1_i8
TRINITY_DN42496_c2_g1_i3
TRINITY_DN64198_c2_g1_i4
TRINITY_DN53609_c1_g1_i10
TRINITY_DN52003_c4_g3_i6
TRINITY_DN54726_c6_g1_i2
TRINITY_DN64542_c1_g2_i2
TRINITY_DN56951_c5_g1_i2
TRINITY_DN41776_c7_g3_i2
TRINITY_DN57654_c2_g1_i1
TRINITY_DN47418_c0_g1_i1
TRINITY_DN46639_c4_g1_i3

TRINITY_DN54865_c0_g1_i15

NOTCH1

FUCL5

RL36A

PPIA

RL10

NOTC3

SUSD2

RL44

GLOL

VIT1

TCTP

RIR2

PSA1

SODC

FCGBP

neurogenic_locus_notch_homolog_protein_1-

like
Fucolectin-5

Ribosomal protein rpl-36.A {EC0:0000305}
Peptidyl-prolyl cis-trans isomerase

60S ribosomal protein L10 {EC0:0000305}
Neurogenic locus notch homolog protein 3
Sushi domain-containing protein 2

60S ribosomal protein L44

Highly reducing polyketide synthase gloL

{EC0:0000303|PubMed:23688303}
Vitellogenin-1

Translationally-controlled tumor protein homolog

Ribonucleoside-diphosphate reductase subunit

M2
Proteasome subunit alpha type-1

Superoxide dismutase [Cu-Zn]

IgGFc-binding protein
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22098497

22098497

20606136

26276386

22092450

22098544

22089467

0.0285

22090459

22105422

22095198

22090701

22108919

22094823

22089467

0.0125

0.0185

0.1275

0.015

0

0.034

225.262

0

0.00525

0.2975

0.011

0

0

452.579

341.7633

296.4837

294.687

274.774

244.9077

237.622

183.4595

224.6253

194.4887

180.0323

179.336

166.7177

165.3217

118.0777

0.162

0.0865

164.5075

406.084

59.273

0.1725

132.892

0.5215

65.6165

217.24

42.436

34.816

14.6545

0.444



Hermaphrodite
vs Female
Hermaphrodite
vs Female
Hermaphrodite
vs Female
Hermaphrodite
vs Female
Hermaphrodite
vs Female
Hermaphrodite
vs Female
Hermaphrodite
vs Female
Hermaphrodite
vs Female
Hermaphrodite
vs Female
Hermaphrodite
vs Female

Hermaphrodite
vs Female

Hermaphrodite
vs Male

Hermaphrodite
vs Male

Hermaphrodite
vs Male

Hermaphrodite
vs Male

Hermaphrodite
Hermaphrodite
Hermaphrodite
Hermaphrodite
Hermaphrodite
Hermaphrodite
Hermaphrodite
Hermaphrodite
Hermaphrodite
Hermaphrodite
Hermaphrodite
Male

Male

Male

Male

TRINITY_DN64324_c1_g1_i1
TRINITY_DN63842_c1_g1_i10
TRINITY_DN51457_c7_g1_i13
TRINITY_DN52108_c5_g1_i4
TRINITY_DN43452_c10_g1_i3
TRINITY_DN60366_c4_g2_i12
TRINITY_DN49178_c4_g1_i4
TRINITY_DN62660_c4_g1_i11
TRINITY_DN41235_c6_g1_i1
TRINITY_DN55784 _c2_g1_i3
TRINITY_DN64754_c2_g1_i4
TRINITY_DN64324_c1_g1_i4
TRINITY_DN47674_c2_g1_i3
TRINITY_DN44171_c0_g1_i2

TRINITY_DN42547_c4_g2_i2

BIND

VIT6

TYB12
RPS6
G3P|
GAPDH
RPS11
GGNBP2
MSMO1
GGT3
DYSF
BIND
RL22

NDUA4

RS12

Bindin

Vitellogenin-6

ly6/PLAUR _domain-containing_protein_2-like
Thymosin beta-12

40S ribosomal protein S6
Glyceraldehyde-3-phosphate dehydrogenase
40S ribosomal protein S11
Gametogenetin-binding protein 2
Methylsterol monooxygenase 1

Glutathione hydrolase 3

Dysferlin

Bindin

60S ribosomal protein L22

Cytochrome ¢ oxidase subunit NDUFA4

408 ribosomal protein S12
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22099883

22087199

22100632

423.0395

22108234

22101615

22096415

22102167

22087102

22091163

22096607

22099883

22100623

0.01725

22093230

2955.055 0.034 276.6985
1683.643 0 0
704.574 0 0

0.024 0.149

223.0313 0 7.652
105.6035 0 0
81.96825 0 8.943

70.46125 0.003333 0
69.2975 0 0.039
48.6665 0 7.7065
20.6055 0 0

0.00825 1.983667 6798.144

0.04875 712.336 1432.355

69.42533 805.833

0.052 500.358 611.9935



Hermaphrodite
vs Male
Hermaphrodite
vs Male
Hermaphrodite
vs Male
Hermaphrodite
vs Male
Hermaphrodite
vs Male
Hermaphrodite
vs Male
Hermaphrodite
vs Male
Hermaphrodite
vs Male
Hermaphrodite
vs Male
Hermaphrodite
vs Male

Hermaphrodite
vs Male

Hermaphrodite
vs Male

Hermaphrodite
vs Male

Hermaphrodite
vs Male

Hermaphrodite
vs Male

Male
Male
Male
Male
Male
Male
Male
Male
Hermaphrodite
Hermaphrodite
Hermaphrodite
Hermaphrodite
Hermaphrodite
Hermaphrodite

Hermaphrodite

TRINITY_DN52454_c8_g1_i1
TRINITY_DN59775_c3_g2_i11
TRINITY_DN42496_c2_g1_i3
TRINITY_DN63842_c1_g1_i1
TRINITY_DN61807_c3_g2_i4
TRINITY_DN47290_c5_g2_i15
TRINITY_DN62750_c5_g1_i3
TRINITY_DN59199_c1_g1_i4
TRINITY_DN63948_c1_g2_i1
TRINITY_DN63842_c1_g1_i10
TRINITY_DN60856_c4_g4_i1
TRINITY_DN52374_c1_g1_i1
TRINITY_DN61703_c0_g1_i8
TRINITY_DN52108_c5_g1_i4

TRINITY_DN42547_c4_g2_i3

EFHD1

SYCP3

PPIA

VIT6

RL17

FRIS

ROP1L

GBLP

COX1

VIT-like

H2B7

H2BL4

TBB

TYB12

RS12

EF-hand domain-containing protein D1
Synaptonemal complex protein 3
Peptidyl-prolyl cis-trans isomerase
Vitellogenin-6

60S ribosomal protein L17

Soma ferritin

Ropporin-1-like protein

Guanine nucleotide-binding protein subunit beta-
2-like 1

Cytochrome ¢ oxidase subunit 1
Vitellogenin like

Histone H2B 7

Late histone H2B.L4

Tubulin beta chain

Thymosin beta-12

408 ribosomal protein S12
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22090015

22082719

26276386

22087199

22104718

22088322

22083804

22087508

5087.015

22087199

966.28

487.6705

22082185

423.0395

22093230

0 0.517667 509.706
0 3.133667 437.1525
0.1275  294.687 406.084
0 1199.405 396.744
0.56475 147.3943 306.4545
0 154.6387 277.302
0.01575 13.22667 262.52
0 40.433  229.2845
16.71633 22.925

1683.643 0 0
4606.251 1.5755
9049.796 2.1565
450.208 7.081667 3.008
0.024 0.149

378.6335 159.966 1.1825



Hermaphrodite Hermaphrodite TRINITY_DN40467_c8_g1_i2  RS23 408 ribosomal protein S23 11679331 375.421 6.277667 1.1555
vs Male

Hermaphrodite Hermaphrodite TRINITY_DN54712_c4_g1_i7  H2A Histone H2A 22108863 262.1318 761.3043 0.564
vs Male

Hermaphrodite Hermaphrodite TRINITY_DN60995_c3_g3_i2  LVN1 Development-specific protein LVN1.2 22080400 259.3858 1558.954 0.3095
vs Male

Hermaphrodite Hermaphrodite TRINITY_DN57371_c1_g5_i4  H1D Histone H1-delta 22092438 234.2978 0 0

vs Male

The female individuals of C. pentagona had 942 transcripts DE with C. hystera and 209 transcripts DE within the top 1000
most expressed transcripts. In the comparison of C. pentagona females with C. hystera, the top most expressed genes were located
in the nucleus (histone H2A, 133 aa; superoxide dismutase [Cu-Zn], 152 aa), cytoplasm (60S ribosomal protein L21, L22, and L44
with 153, 139 and 38 amino acids; 40S ribosomal protein S14b and S12 with 152 and 142 aa; ribosomal protein rpl-36, 133 aa;
peptidyl-prolyl cis-trans isomerase, 165 aa; highly reducing polyketide synthase gloL, 486 aa; translationally-controlled tumor protein
homolog, 116 aa; proteasome subunit alpha type-1, 283 aa), extracellular region (Fucolectin-5, 202 aa; vitellogenin-1, 1594;
vitellogenin-6, 1463 aa; IgGFc-binding protein, 258 aa), cell membrane (neurogenic locus notch homolog protein 1 like, 126 aa;
neurogenic locus notch homolog protein 3, 235 aa; sushi domain-containing protein 2, 154 aa), and endoplasmic reticulum
(ribonucleoside-diphosphate reductase subunit M2, 405 aa). Vitellogenin-6 was also DE in C. hystera, but both of these isoforms
were not the same and the differences were not within the ORF. In addition, some of these transcripts were not as long as the
reference transcripts from the NCBI marine invertebrate reference database. The functions of the DE genes included DNA
replication, housekeeping, sperm recognition, oocyte development, immunity, antifungal (Xu & Gridley, 2012). EBR1 was also DE,
but it was not among the top 1000 most DE. Parts of a fibropellin-like transcript were DE in female C. pentagona and C. hystera, but

the gene was too short to identify. The differential expression analysis of C. pentagona female and males was populated with
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unknown genes and incomplete genes. For example, only the metazoan conserved histone genes, the development-specific protein
(LVN1, 238 aa), and the receptor-4type tyrosine protein phosphate kappa (PTPRK, 135 aa) were annotated from the 20 most
expressed genes outside the histone genes. Other genes including hyalin-like genes and fucolectin-like genes were too short to
discern if these genes belonged to other type of genes. The top annotated DE genes included genes linked to functions in the
nucleus (histone H1, H3, H4, H2BL4, H2a, H2B7 with 276, 137, 104, 620, 133, and 93 aa respectively), extracellular region (univin,
386 aa; EBR1, 3310 aa), cytoplasm (betaine-homocysteine S-methyltransferase, 361 aa), cytoskeleton (caldesmon-like, 158 aa),
and cell membrane (receptor type tyrosine protein phosphatase kappa, 135 aa; sodium and chloride dependent glycine transporter 2,
663 aa). The functions of these genes included housekeeping, sperm recognition, larval development, and oocyte maturation (Gao et
al., 2017).

The male C. pentagona had all 1000 DE genes with C. hystera, and it had 791 DE genes with the female C. pentagona. The
most expressed transcripts of the male C. pentagona in the C. pentagona female comparison were located in the membrane
(sodium/potassium/calcium exchanger 3, 632 aa; guanylate cyclase, 1014 aa; and 63 kDa sperm flagellar membrane protein, 255
aa), plasma membrane (potassium/sodium hyperpolarization-activated cyclic nucleotide-gated channel 4, 547 aa; cation channel
sperm-associated protein 1, 478 aa; potassium/sodium hyperpolarization-activated cyclic nucleotide-gated channel 1, 789 aa; cation
channel sperm-associated protein 3, 396aa; cation channel sperm-associated protein 3, 1268 aa; REJ1, 1876; potassium/sodium
hyperpolarization-activated cyclic nucleotide-gated channel 2, 269), cytoplasm (cCAMP and cAMP-inhibited cGMP 3',5'-cyclic
phosphodiesterase 10A, 814 aa; EF-hand calcium-binding domain-containing protein 9, 1436 aa; EF-hand calcium-binding domain-
containing protein 9, 154 aa), and extracellular (Zona pellucida-binding protein 1, 1236 aa). These genes were linked to gamete-
recognition, calcium transfer, fertilization, and sperm maotility. The comparison of C. pentagona males with C. hystera had all of the
1000 most expressed genes. These transcripts were linked to the extracellular region (bindin, 190 aa; peptidyl-prolyl cis-trans
isomerase, 165 aa; and vitellogenin-6, 1463 aa), cytoplasm (60S ribosomal protein L22, 139 aa; 40S ribosomal protein S12, 142;

40S ribosomal protein S12, 185 aa; and Soma ferritin, 174 aa), mitochondrion (EF-hand domain-containing protein D1, 210 aa;
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cytochrome c oxidase subunit NDUFA4, 2087 bp), nucleus (synaptonemal complex protein 3, 209 aa; and synaptonemal complex
protein 3, 320 aa), and flagellum (ropporin-1-like protein, 224 aa). These transcripts were linked to gamete interaction, oocyte

development, electron transport, iron homeostasis, protein synthesis.
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Appendix Q. Heatmap of the top 1000 most expressed
genes (from left to right: male (blue), hermaphrodite
(yellow), female (brown))

Color Key
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Gene expression differences among transcriptomes of the three types of tissues
were assessed with DE analysis pipeline of Trinity (Grabherr et al., 2011). All nine
libraries were used for the DE anlaysis as all nine libraries either grouped together or
showed high similarity in the PCA analysis and heatmap. The grouping of each of the
libraries with their corresponding tissues confirmed their closer biological similarity to

their biological group rather than to other biological groups.

The number of up-regulated differential expressed genes was higher between
species than between the male and female individuals of C. pentagona. The
hermaphroditic C. hystera had 17,393 and 16,145 genes up-regulated compared to C.
pentagona females and males respectively. A similarly high number of differentially
expressed (DE) genes were found up-regulated in C. pentagona females (24,188 genes)
and males (12,192 genes) compared to C. hystera. The DE transcript differences
between the sexes of C. pentagona sexes were smaller, with males having 1,611 genes
up-regulated and females having 675 upregulated genes.

172



Appendix R.  Sample correlation matrix heatmap of all
nine Cryptasterina individuals (from left to right:
hermaphrodite (light brown), male (blue), female (brown))

Color Key

=05 0 05 1
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C. pentagona female 3

C. pentagona female 1

C. pentagona female 2

C. pentagona male 2

C. pentagona male 1

C. hystera hermaphrodite 4

C. hystera hermaphrodite 1

C. hystera hermaphrodite 2

C. hystera hermaphrodite 3
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Male
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C. hystera hermaphrodite 2
C. hystera hermaphrodite 1
C. hystera hermaphrodite 4

C. pentagona male 1
C. pentagona male 2
C. pentagona female 2
C. pentagona female 1
C. pentagona female 3
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Appendix S. Volcano and MA plots of transcriptome
comparisons. A) C. hystera vs male individuals of C.
pentagona, B) C. hystera vs female individuals of C.
pentagona, and C) male vs female individuals of C.
pentagona. Volcano plot display the fold change (FC) and
false discovery change (FDR). MA plot displays the fold
change (log2 in y-axis) of each comparison vs the average
expression (log counts). Red dots are differentially
expressed transcripts and black dots are transcripts that did
not meet the threshold

A) B) <)

Volcano plot Volcano plot Volcano plot

~1"log10{FDR)

Ma plot MA plot MA plot

logCounts logCounts. logCounts

Hermaphrodite vs Male Hermaphrodite vs Female Male vs Female

Significance of expression among libraries was assessed using a p-value cutoff
of p = 0.1 and false discovery rate (FDR) of eight-fold. A volcano plot showed the
significant differential expressed genes of the comparison of each of the biological
groups: A) hermaphrodite vs male, male vs female, and hermaphrodite vs female. The

male comparisons in the volcano plot had the most down-regulated transcripts. The
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comparison of the female and hermaphrodite transcriptomes had the most differentially
expressed and up-regulated transcripts. MA plots of the biological groups showed a
higher similarity between the transcriptomes of C. pentagona male and female

individuals than the similarities found between C. pentagona groups and C. hystera.
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Appendix T. Top 1000 most expressed genes.

DE comparison UP regulated Number of transcripts
Hermaphrodite vs Female Female UP 942
Hermaphrodite UP 58
Hermaphrodite vs Male Male UP 1000
Hermaphrodite UP 0
Male vs Female Male UP 791
Female UP 209

The 1000 most expressed genes per biological group had a strong
representation of male transcripts in C. pentagona. C. hystera had only 58 genes
differentially expressed with the female individuals of C. pentagona and 0 genes with the
male C. pentagona when we looked at the top 1000 most expressed genes in the DE
analysis. One third of the transcripts (17 transcripts) in the comparison between C.

hystera and female C. pentagona were unknown.

The top three most expressed genes with annotations, among the 1000 most
expressed gene per comparison, were bindin, vitellogenin-6 and a ly6/PLAUR containing
domain protein. Isoforms of these three genes were also expressed in either female or
male individuals of C. pentagona. The remaining transcripts had functions in the
cytoskeleton (thymosin beta-12, 115 amino acids (aa)), cytoplasm (40S ribosomal
protein S6 and S11, 247 aa and 154 aa respectively; glyceraldehyde-3-phosphate
dehydrogenase, 333 aa; gametogenetin-binding protein 2, 551 aa; and piwi-like protein
1, 883 aa), endoplasmic reticulum (methylsterol monooxygenase 1, 285 aa), vacuole
membrane (glutathione hydrolase 3, 619 aa), and plasma membrane (dysferlin, 2084
aa). These genes are linked to the immunity response, brood size reduction, oxidative
protection caused by anoxia, sperm development, testicular development controlled by
steroid, glutathione breakdown, germ cell development and movement, and skeletal
muscle structure. C. hystera did not have any DE genes in the top 1000 most expressed
genes in the DE analysis with male C. pentagona. Outside of the top 1000 DE genes, C.
hystera had DE transcripts in the following categories: extracellular region (vitellogenin-

6, 1468 aa; and a short section of bindin, 190 aa), plasma membrane (ly6/PLAUR
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domain containing protein, 185 aa; dysferlin, 2085 aa), cytoskeleton (thymosin-beta 12,
116 aa), cytosol (40S ribosomal protein S6, S11 with 248 aa and 155 aa respectively;
glyceraldehyde-3-phosphate dehydrogenase, 334 aa), cytoplasmic vesicle
(gametogenetin-binding protein 2, 217 aa), endoplasmic reticulum membrane
(methylsterol monooxygenase 1, 286 aa); and membrane (gluthanione hydrolase 3, 620

aa). The most expressed transcript was the C. hystera section of bindin.

177



Appendix U.  SNPs of individual C. pentagona females, C.
pentagona males, and C. hystera. A) Scatter plots of SNPs
of each Cryptasterina spp. individual for transcripts longer
than 1000 bp. Green = C. pentagona female, Blue = C.
pentagona male, Orange = C. hystera; B) Violin plot of the
ratio of SNPs of each transcript divided by the length of the
transcript. Orange = C. hystera, Green = C. pentagona
female, Blue = C. pentagona male, Red dots = Gamete
recognition genes
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The transcriptomes of C. pentagona had more SNPs than C. hystera. The
gonochoric C. pentagona transcriptomes had median values of 0.004 SNPs per base
pair within each transcript of 1000 bp length or longer, a value that was four times higher
than the median value of 0.001 SNPs per base pair in C. hystera (Figure S6). The
number of SNPs increased with the length of the transcript in C. pentagona, whereas the
number of SNPs was low in both longer and shorter transcripts in C. hystera.
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Appendix V.  Alignments of GRGs. A) EBR1 Cryptasterina
alignment of individuals, B) EBR1 Cryptasterina reference
alignment with Acanthaster cf solaris, C) OBil Cryptasterina
alignment of individuals, D) OBil Cryptasterina reference
alignment with Patiria miniata, E) Guanylate cyclase
Cryptasterina alignment of individuals, F) Guanylate cyclase
Cryptasterina reference alignment with Acanthaster cf
solaris, G) REJ1 Cryptasterina alignment of individuals, H)
REJ3 Cryptasterina alignment of individuals, 1) Bindin
Cryptasterina alignment of individuals

A) EBR1 Cryptasterina alignment of individuals

>EBR1|Cryptasterina_hystera_1_allelel|TRINITY_DN15149_c9_g1_i4
ATGTACCATGACGGCGGATTAAGTGACTGCGCCAACAAGAAAAGCATTATGGCATCTGTCAACTCTGGAGGACCTGATGCTTTCCACTGGTCTAAATGCAGCAACAATGATCTCCTCAACTTCCT
AGATCGTGCAGAGTCTAAATGTCTGAAGAATAAGCCCAAATCTCTACCGGACTACACTCCTTCCTCCGTTCCGATGCCTGGTTTTTATTTCAATGCTACTGAGCAGTGTGCCATGACGTTTAATG
CGAAGAGCATTGTGGCTTCGGAGGTTTTGAACAAAAAGGAAATCTGCACAGCTCTGGTTTGCAAGAATGAAATGGGAGTGCTAGAATCTAGCAATGTTCCTCCCCTAGATGGAACCCGATGCGG
CACCAGGCGAGATATTTGCATCCATGGAGAATGTCTGAAGGTCTACAGCACTATGGATTGTGATGGTGGTCCATGCGTACCATTCTGGCTTCCAGGTAGTTTCACTTGTCAGAATTCTACCTCGT
GCGAGGCAACACGTTTAGTTCTGTGTGTTGAGGAACACGATGATGGAACGACTCGACGAGTTACAGAGCTTGAGCGTTGCCCAGCCGACATGCCGTCGCCCATGGGCATTTGCCCAGATGATC
CATGCAGGTTTGATTACGTAGCTGGAGACTTTGGTGACTGCTCAGTATCATGCGGAAATGGCATCCAATTCAGGGAAGTGACGTGCCAAGATCGCTCTCAAGAAACTGTGACTGTCCTTGACGA
TGCATTTTGTGCTCAGAGAAATAAGCCAACTACTGCACAAGTCTGTAATCTACCTGCCTGTCCAGTCACTACGTACAGCTATGCTGTAGGGCAATTCCAAGAGTGCTCAGTGACGTGCGGGGCC
GGAGTTCAGATCCGATCTGTGACTTGCCAGAACAACGCAGGTGAAACTGTTGCTGAAACATTCTGTACACAACTTGGTATTTCCAGACCTGCAACCACCCAGAACTGTGACACTCAAATCAGCT
GTGGTCTTCGCTATGTTGCTGGTCCTTACGACACGTGCTCGGTAACCTGTGGTGTGGGTGTCCGTACTCGCATGATCTACTGCGTTAATGGTGACAATCTGGTCGTAGCTCTCACACGATGCGA
GGAAGCGCAACTTGTACAACCGTCTCTTACTACAAGTTGTGAATTGGAAGCCTGCCCTGAACCCGTCTACACTGCACTTCGAGGCGAGTGGTCACAGTGTTCACTTACGTGCGGAGTGGGCAC
TGAGACCAGATTTGTGCAGTGTCGCAGTAACAATGTGGATGTAGACCTTCAATTCTGTATCAATGCTGGATTGACTGACTTGGATACATTGAGGGTGTGCACGCGGCCAACTTGCCAACCAGAG
TATCGGTTTGAACCTGGTGTTTACGGTGAGTGTTCAGTGACGTGTGGTGTAGGAGAACGTACCCGTGATGTCCAGTGCTTGAATCAGGATAACGTGGCAGTAGACATCAGCAACTGTCTGCTAA
TGGGTTTAACTCCGCCACCAAACACCATCGAGTGTGCTCTGGATGCCTGCCCAACATACATCTATCAAGTTGGTGAATTTGGTCCTTGCTCGGAGGACTGTGGTGATGGTCTACAGCTTCGTGC
AGTCACCTGCATTAATAACGACACCCAGGCAGTTGTAGCTGACAGTAACTGTCCTGGGGAAAAACCTGCCGAGACCCAGCCTTGTAACTTGATGCCTTGTGACACTATGCTTCAGTTTGTAACC
AGTCCCTTTGGTGCCTGTAACTGCAGTGGTCTGCAGACTCGTTTTGTTATCTGCATCCGCCGTGTGGGGACAACGTTAGATCAAGTCTCCACACAAAGTTGCTTAGTTGCGGGACTCCAGCCCC
CACCAACCACCCAGGCTTGTACTGCTCCATCAGACTGTGTCCAGCCTGATCCTGTATGGCAGACTACTGAATGGAGTCCGTGTCCAGTAACTTGTGGCATTGGTACCCAGACTCGTCTGGTTTA
CTGCATTGCACAGCCAGGATCAACAGTAACCGTTGACGACTCAATGTGTGTTCCAGGGGACAGACCACCAGATACGCAGGAATGTGACACGGAAGTAGTCTGCCCAACTGAGTACCTGTGGTT
GACCTACGGCTGGGGAGGATGTAGCGTGACATGCGGCGAAGGCTTTGAGACACGTGAAGTCTTCTGTTTTAGTCTTGGAGATAACATCCAACAGGTTGAGGACTCGTTCTGTAATGCTGGTGA
GAAACCCAGCACTGTACGACCCTGTAGTCTACCTCCTTGCACAGCATCATGGACCACATCGGACTGGACCGAGTGTTCGGTGACTTGCGGTCCCGGCACAGAAACCCGTACCATATCCTGTCG
GCAAACTAAGGACCCTAGCAGTAACATTGTTGATGAATCGGAATGCGTTACCGAAGACCGTCCCTCTGAAGCTCGTCCTTGTTATCTATCGCCATGCCCACCTCCTTATGGCTGCGAGACCTCC
TATATGCTTGAAGGCACTGTACAGTATACAGAGAGCTCACCAGGGTTCACTAATGGACAGAATTACCCTAATGATTTAGATTGTTCCAAGGATTTCATTACTCAGAATAACCTCCAAGAAACTAGA
GTGAGACGTCAGATTAATGCAGATGGTCCGCAGCACTACATTCAGCTGACCTTCACGGCGTTTGACGTAGAACCATCTACCGACTGCACATTGGATTTTCTGGAGATTTCCGACAGCTTGTACA
ACACCTCAGAACGGCTATGTGGTAACTCTTATGAGCTGCCTTACGTCTGGCAGTCCCAGGGTCCACACATCAATCTGTACTTCCACACTGATGCCACCGTCACACGACCAGGCTACTCTTTCAT
CTATAATGCTGTGGAGATACAGCAACCAGCACGATATGAAGTCACAGAATGGTCCGAGTGCTCGGTGACATGTGGAAATGGTGTGGAGACACGGGATGTCTTGTGTATCCGTGGCAACGAGAC
TGTTGATGAGAGCGAGTGCAGCGGCTTGCAGAAACCAGTCAGCGTTCAACCGTGTGAGGAAGATGAATGTTTTGAACCAACAGTTTGCAGCGGAGATCTCCTTCGCACGGAGAACAACGCCGT
CATCTTATCGCCCGATTTCCCTGCCTCCTACCCAAACAATGTCTCTTGTTCCAATATCATCCGTGCTCCGGAAGGATTGATTGTAGAGGTCTTTGTAACTTTCTTCACCCTCCGTCCTGAAGAATG
CCGCGATAAGGTTTTGATGAAAGATGTGAATATTGACGGAGATCCTCTAGAGTTGTGTGGTAACCAAGCACCAGGGATTGTCTTTACATCCATTACCAACGAGGTGATAGTGCAGTTTCTGTCGG
CTGAGACGGGACCCATCGCACCTGCTGGATTTGGCTTCAGTCTCAGAGCTGACTTCGTAAACCAGCCAGAGGTTTCTTGTGGTGACCAGATTACAGAATCAGGCCGAGCTGTGTACTCGCCCA
ACTACCCTGATGATTACAACTTGAATGAGAATTGCTTGACTTCTATCAGAAATGCAGACGGATGTATTAAGCTACAGTTCTTGGATGTTGATTTGCCTCCTAGAAACGGACAATGCTCGGATTTCG
TTCAGTTGATTGATTTGAATGAGATTGTGGTCAACACTGGCCCTGTGTGCGGACGGGAAATCCCCGCCGTTTTCTACTCCTTTACTGATCTGATGACGGTGCGATTTTATTCGGATGAGAACGGT
CCAACAAACGGTGGTTTTAACGCTGTAGTCACCTTTGTAGATTGCTTCCCCGGTGTGTGGATCACGGGCCTATTTGGAGAGTGCTCTGCTACCTGTGGTGAGTCGTCTCGCACCCGAACCGTTG
AATGCCGCAATCCTCGCTTGGACATTGCAGTGAATCCAGCTGAATGCCCACCGGAGAAACCTGACGAGCAAATCCCCTGTGATGTCCCTGAATGCCCAAGTTGTCATGTTGACGTGAATGAGC
CTGGTGAGATAGGGTCTCCTAACTCTCCAGGAAACTATGGTAATAACCAACGATGTGAGACCAACATTGTCAATCCCAATGGCTGTATTGCTATCACCTTCTTGGCGTTTGACCTACAGCCAGGC
TTCACCCCTGGGGAGTGTGACACAGACTTTCTGGAGATCATTGATGTTGCCAGAGATGAACCCATCAAGTTATGTGGCTCGGGACTTCCGGAAACCTACCAGTCATTAGGCAGTAACATTCAGC
TTGTCTTCCAAACCGATGAATCAATTGTATCGACTGGCTACTATGCTTACGTCTCATTCATTCCGTGTCCTGTCAATGCCTACATTGTTGGCAACTGGAGTCAGTGCTCGGTAACCTGTGGTGCT
GGTATCAGAACTCGAGACGTGCAGTGCATGGATCTCATTAACAACATCCCTGTGGAGGATTCTCTCTGCGAAGGCGCAGAAAAACCTGCATCTGAAGAACCTTGTGTTGCTGAAGAGGAATGCC
CATCTTGTGACGTGACTATCACTGAAAGTCTGATGTTTGTCACCAGTCCCGGCTTTCCTGATGAACCCTACGCTCCCAATCTAGAATGTCTTTACACTTTCTACTCGCCCAATCCAGAGCAGTGT
GTCCGTCTGACGATCATAGAGGCCTATCTAAATGGACCTGATAAGAACAATGTCTGCAGTCGTGATTATTTGGAGATCACCAGCCAATCAGGACAGCCTCCATTGCATTTCTGCCCGGAATCGG
CCCGTTCCATTCCCTGGTATTCCCGCGACAATACCGCTTTTGTCCGGTTCATTTCCGATAGTGAGGGCGCTAGTACAGGCTTCAACATCTACGCGGTCTTTGGCTCGTGTCCAGAGTACGACTT
TGAGGTGGGAGAGTTTAGTGAGTGCGATGCTCGTTGCGGAGGTGGCTTCAGGACAAGAACTGTGAGCTGTATCAGCCTAGCAGACGGCACGACAGTACCTGACGAGCTGTGCCGTAATCGAC
GCCCTTTGGATAAAGTTGCTTGCAACACGGAACCATGCCCAGTTTGCGACGAAGCTTTCTTCCCAGGAGACTCTCTGATCATGAGTCCTGGCTTCTCTGGTGCTCCAGGCCAAGGCTACGAGAC
GGTGTTGGACTGCACCTATAACATCACTAACCCAGATGGATGTCTGTTCCTGACCTTTCTCAGTTTTGAGCTTCAAGAATGCGCTGGTTGCTCATGCGACTCTCTCAGTATCATTGAAAACGGTG
AACTAGCTCTTCCACCTCTCTGCGGCGTTCAGAACGATCGTACATGGGCTTCCATTTCTGGCCAGGTCATGTTGAAATTTGTTACTGATAATGCCGTCTCTGCACCTGGGTTTAACATCTACGTT
GCTTACATTGACTGCCCTGATGTGTACTACTACACTGGAGAGTATTCAGAGTGTGACGTGTCCTGTGGTGGAGGAACTCAGTCCCGTGAGGTGCAGTGTAGGAGTCGAACCACTGGCCAACAA
GTTGCAGAGTCCATGTGTGTTGGAATCAAACCTCCATCGACACGCATGTGTGGATTAGAACAATGTCCATTTTGTGATGAGTTGATCACCACTCCAAGTTTTATCTCCAGTCCTGAGTATCCAGC
CAACTATCCCATCAGCATCAACTGCAACTATGCCATCCAAGCACCACCTAATCTGTGTGTTAGCATCAATTTCTTGGTCTTTGAACTTCAAGACGCTGAAGGTGATATGCCAAGAATCTGTCAAGA
TTACGTCCAGATTCGAGATCCAAGTGCCGCAAGTCTTGACCGTCGTTACTGTGGAGTCGCAGCTCCTAATGCCATTCAGTGGAGATCCCGCTCCGGTTTGGTCAGCGTAGACTTCTCATCTGAT
GAGGAAGAGACTTTCCGAGGCTTCCGTGCTTATGTCAACTTTGTGGACTGCCCTCAATATGGATATGTTGTCACTGAATTTAGCATGTGTTCTCGGCCATGCGATGGTGGCATACAGACACGTG
AGGTGACATGTCAAAATCTTGCAACTCAAGAGCCAGCTGACGAGACACGATGCGAGGATGAAAAACCACCGGAGAGTATTCCATGTAACCTGCAACCCTGCCCAGAGTGTGACGAGGATATCA
CTGAGAATCGTCAGAGTGTCTACAGTTTGAATTTCCCACAGCCTTACTTTGAGTATTCTTGTAACTACATCTTCACTAACCCTGGCGGCTGTGTCGAGCTTCTCTTTGTGCAGTTTGAGATGCCGG
AACCAAATGAAATGGGTATCTGTAATAAGGATTACCTCTTGGTTGAGGATATGAGTGACCGGCCCTTTTCGTATCGCATCTGCGGTCGCAGCATCCCCAACAGCGTCTTGTCACGTGGTCCAAG
ACTAAACGTGACTCTGATCACGGATGGTAACCCAAGCACGTTTGGCGAAGGGTACCAGCTTTACAATCTCTTCACGAACAATTGTCCTGAGGTTGGCTACATCGCAGGAGAGTTTGGAGAGTGT
GACCGGCAGTGTGGATTTGGCACACGGACACGTCAAGTCAACTGTGTGGATCTTCAGTCTGGAATTACTGTGGATGACACTCTGTGTACTGATATTAAACCACACGACATGGAATTCTGTAACA
CCCAGCCTTGCCCATCTTGTGACCAGGTTATAGACTCCTTCCCCGCTGCCTTGGAGAAACCTGATAATTTGGACCCTCAGCGTACATGTCGGTATGAAATCGACAGTGAGCGTTGCATCCGAGC
AACGTTCCTTACATTCGACCTCCCAGGAGAAAATGGCATGTGTGGAGATACGTTCATCCAGTTGCAAGACAATGGAGCTGAGTTTTTGACGGAGCGAGTCTGTGGTGATGGACCTGTACCATCC
TCCATTGCATCTCTCTATGCATGGCAATCCAGAACGTCCGATGTGGTCTTGACACTGAACAGTGGCGCTGGACTAACGGATGACGATCGCTTTCGAATCTTCCTGACAGAGACAGACTGTGCAG
AGTTTGGCTTTGTTGCCAGTGAATACGGCGAGTGTAGCAGAACATGTGGCAGTGGTGGAGTCCAGACTCGTACTGTTGAGTGCCAACGTTTAGCTGATAATTCACCAGTTGATGAAGCTATGTG
TACAGATCCTAAACCGATGGCACTCCGGCCATGTGGACCTCAGCCACCATGCCCATCCTGTGATATGCTTGTTACTGATCCTGAGACGTTAATTCAAGGGCCACCACGCAATGGTAACTGGACC
ACTAACGTCCGTTGTCAAATCACGGTGGAATTTGAGACTGCATGCGTTGTCATCTCGGGTTTACAAGTGATGCTGTCCAAACCAGATGTAAACAATACCTGTGTCAACAGCTCATTGACGTTCAC
TGATGCAACATATCCAGACTACAGTCAAACTGTCTGTGGCTCATCGAGTGGTGGTGTATATCGAGCTCTAACAACTCGTTATCTTGTGGACTTCTACTCGGCTGACTATGAAAACTCTGGAGATT
CCTTTAGTCTGTTCGCCCAGGCTGCAGCATGCCCAATGATCGAGTACCAAACTGGTGAATATGCACAGTGCTCAGTCAGTTGCGGTGGTGGAGTTCGAACCCGAGACGTCATTTGTGTGAGAG
CAGATACAATGGAGGAGGTCCCCGAGGATGCTTGCGTAGGCCCTCGCCCAGCGGCTATCGAAGGATGTAACCTGGATGAATGCCCTCAAGAATGTGATAATGTTATCACAGTCAACACACCAG
TGGAGCCTTTGATGTCACCTGGTCGTCCAACATACGTCACCGATGCTGACTGTACCAATAACATTGTCAACTTGAGTGGTTGCATTGTCTTGTCATTCATATCTATGGATATCGAGGAAGGAACT
ATGCCTGGTGTTTGTGATAAGGATTATTTAGAGATCATCGACACCACGTTTGACGAGTTGAATGTGCGGCTGTGTGGCAGCACCCTTCCTGCCACTTGGCGCTCGAAGTCCGGTGTCATCAGGA
CTCGTTTTGTCTCGGACAGCGTGGATACCCAACAAGCTGGCTACACTATCATCTACACGTTGACTCCAGATTGCCCCACAGGATCCTATGTCCTGAGTGGCTTTACTGAGTGTTCTGCAAGCTGT
GGTGAAGCCACACGAACCGCCTCCAGCCTCAACTGTGTGCTTCCAGACTCGAGTGTCGTCAGCAACAGCAACTGTCCAGGCCAACCACCGTCACTTGTCCAGTCTTGCAACCTGGAACCATGC
CCAGAATTCTATTACTTCATCGGGGAGTACTCCGCTTGTTCGGTTGACTGTGGCGATGGTGTCCAGACGCGTGTGGTTGAGTGTCGACGTCTGGACAATGACGCCGTTGTGGACGATGCCTTG
TGTACAGAGTCCAAACCTGCTGAGTCTATGCCATGTAATCTGATGGAGTGCGACAACAATCTTATTGTTCTGTCCGAGACTTCCCAATCGAGGACTTTGGAGTTGGATGTAACTGGTACCATCCA
AAGCCCCAACTTCCCTGGTGCATACCCCAACAACCTGAATGCTGAGATTATTCTGACTATCCCTGCTAACACGTTGCTGAGGGTCACCATTGATGTCTTGGATCTGGCCTTCGAAACCCCTTGTG
TCAATGGGGACTTCCTTAGGCTTTCATCCAGTCCCACCACTGTCCTTCAGTTTTGTCAGAGCATGCAGCTTCCTGTTGATTGGTTTAGTGGTGCTGGTGATACAGAAATCACTATCGCCATGACG
ACCAATGCGGCTAATACAGGAACGGGATTTATGGGAAGATGGTCTGTCATCATTCCACCAAAT

>EBR1|Cryptasterina_hystera_1_allele2|TRINITY_DN15149_c9_gl_i4
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ATGTACCATGACGGCGGATTAAGTGACTGCGCCAACAAGAAAAGCATTATGGCATCTGTCAACTCTGGAGGACCTGATGCTTTCCACTGGTCTAAATGCAGCAACAATGATCTCCTCAACTTCCT
AGATCGTGCAGAGTCTAAATGTCTGAAGAATAAGCCCAAATCTCTACCGGACTACACTCCTTCCTCCGTTCCGATGCCTGGTTTTTATTTCAATGCTACTGAGCAGTGTGCCATGACGTTTAATG
CGAAGAGCATTGTGGCTTCGGAGGTTTTGAACAAAAAGGAAATCTGCACAGCTCTGGTTTGCAAGAATGAAATGGGAGTGCTAGAATCTAGCAATGTTCCTCCCCTAGATGGAACCCGATGCGG
CACCAGGCGAGATATTTGCATCCATGGAGAATGTCTGAAGGTCTACAGCACTATGGATTGTGATGGTGGTCCATGCGTACCATTCTGGCTTCCAGGTAGTTTCACTTGTCAGAATTCTACCTCGT
GCGAGGCAACACGTTTAGTTCTGTGTGTTGAGGAACACGATGATGGAACGACTCGACGAGTTACAGAGCTTGAGCGTTGCCCAGCCGACATGCCGTCGCCCATGGGCATTTGCCCAGATGATC
CATGCAGGTTTGATTACGTAGCTGGAGACTTTGGTGACTGCTCAGTATCATGCGGAAATGGCATCCAATTCAGGGAAGTGACGTGCCAAGATCGCTCTCAAGAAACTGTGACTGTCCTTGACGA
TGCATTTTGTGCTCAGAGAAATAAGCCAACTACTGCACAAGTCTGTAATCTACCTGCCTGTCCAGTCACTACGTACAGCTATGCTGTAGGGCAATTCCAAGAGTGCTCAGTGACGTGCGGGGCC
GGAGTTCAGATCCGATCTGTGACTTGCCAGAACAACGCAGGTGAAACTGTTGCTGAAACATTCTGTACACAACTTGGTATTTCCAGACCTGCAACCACCCAGAACTGTGACACTCAAATCAGCT
GTGGTCTTCGCTATGTTGCTGGTCCTTACGACACGTGCTCGGTAACCTGTGGTGTGGGTGTCCGTACTCGCATGATCTACTGCGTTAATGGTGACAATCTGGTCGTAGCTCTCACACGATGCGA
GGAAGCGCAACTTGTACAACCGTCTCTTACTACAAGTTGTGAATTGGAAGCCTGCCCTGAACCCGTCTACACTGCACTTCGAGGCGAGTGGTCACAGTGTTCACTTACGTGCGGAGTGGGCAC
TGAGACCAGATTTGTGCAGTGTCGCAGTAACAATGTGGATGTAGACCTTCAATTCTGTATCAATGCTGGATTGACTGACTTGGATACATTGAGGGTGTGCACGCGGCCAACTTGCCAACCAGAG
TATCGGTTTGAACCTGGTGTTTACGGTGAGTGTTCAGTGACGTGTGGTGTAGGAGAACGTACCCGTGATGTCCAGTGCTTGAATCAGGATAACGTGGCAGTAGACATCAGCAACTGTCTGCTAA
TGGGTTTAACTCCGCCACCAAACACCATCGAGTGTGCTCTGGATGCCTGCCCAACATACATCTATCAAGTTGGTGAATTTGGTCCTTGCTCGGAGGACTGTGGTGATGGTCTACAGCTTCGTGC
AGTCACCTGCATTAATAACGACACCCAGGCAGTTGTAGCTGACAGTAACTGTCCTGGGGAAAAACCTGCCGAGACCCAGCCTTGTAACTTGATGCCTTGTGACACTATGCTTCAGTTTGTAACC
AGTCCCTTTGGTGCCTGTAACTGCAGTGGTCTGCAGACTCGTTTTGTTATCTGCATCCGCCGTGTGGGGACAACGTTAGATCAAGTCTCCACACAAAGTTGCTTAGTTGCGGGACTCCAGCCCC
CACCAACCACCCAGGCTTGTACTGCTCCATCAGACTGTGTCCAGCCTGATCCTGTATGGCAGACTACTGAATGGAGTCCGTGTCCAGTAACTTGTGGCATTGGTACCCAGACTCGTCTGGTTTA
CTGCATTGCACAGCCAGGATCAACAGTAACCGTTGACGACTCAATGTGTGTTCCAGGGGACAGACCACCAGATACGCAGGAATGTGACACGGAAGTAGTCTGCCCAACTGAGTACCTGTGGTT
GACCTACGGCTGGGGAGGATGTAGCGTGACATGCGGCGAAGGCTTTGAGACACGTGAAGTCTTCTGTTTTAGTCTTGGAGATAACATCCAACAGGTTGAGGACTCGTTCTGTAATGCTGGTGA
GAAACCCAGCACTGTACGACCCTGTAGTCTACCTCCTTGCACAGCATCATGGACCACATCGGACTGGACCGAGTGTTCGGTGACTTGCGGTCCCGGCACAGAAACCCGTACCATATCCTGTCG
GCAAACTAAGGACCCTAGCAGTAACATTGTTGATGAATCGGAATGCGTTACCGAAGACCGTCCCTCTGAAGCTCGTCCTTGTTATCTATCGCCATGCCCACCTCCTTATGGCTGCGAGACCTCC
TATATGCTTGAAGGCACTGTACAGTATACAGAGAGCTCACCAGGGTTCACTAATGGACAGAATTACCCTAATGATTTAGATTGTTCCAAGGATTTCATTACTCAGAATAACCTCCAAGAAACTAGA
GTGAGACGTCAGATTAATGCAGATGGTCCGCAGCACTACATTCAGCTGACCTTCACGGCGTTTGACGTAGAACCATCTACCGACTGCACATTGGATTTTCTGGAGATTTCCGACAGCTTGTACA
ACACCTCAGAACGGCTATGTGGTAACTCTTATGAGCTGCCTTACGTCTGGCAGTCCCAGGGTCCACACATCAATCTGTACTTCCACACTGATGCCACCGTCACACGACCAGGCTACTCTTTCAT
CTATAATGCTGTGGAGATACAGCAACCAGCACGATATGAAGTCACAGAATGGTCCGAGTGCTCGGTGACATGTGGAAATGGTGTGGAGACACGGGATGTCTTGTGTATCCGTGGCAACGAGAC
TGTTGATGAGAGCGAGTGCAGCGGCTTGCAGAAACCAGTCAGCGTTCAACCGTGTGAGGAAGATGAATGTTTTGAACCAACAGTTTGCAGCGGAGATCTCCTTCGCACGGAGAACAACGCCGT
CATCTTATCGCCCGATTTCCCTGCCTCCTACCCAAACAATGTCTCTTGTTCCAATATCATCCGTGCTCCGGAAGGATTGATTGTAGAGGTCTTTGTAACTTTCTTCACCCTCCGTCCTGAAGAATG
CCGCGATAAGGTTTTGATGAAAGATGTGAATATTGACGGAGATCCTCTAGAGTTGTGTGGTAACCAAGCACCAGGGATTGTCTTTACATCCATTACCAACGAGGTGATAGTGCAGTTTCTGTCGG
CTGAGACGGGACCCATCGCACCTGCTGGATTTGGCTTCAGTCTCAGAGCTGACTTCGTAAACCAGCCAGAGGTTTCTTGTGGTGACCAGATTACAGAATCAGGCCGAGCTGTGTACTCGCCCA
ACTACCCTGATGATTACAACTTGAATGAGAATTGCTTGACTTCTATCAGAAATGCAGACGGATGTATTAAGCTACAGTTCTTGGATGTTGATTTGCCTCCTAGAAACGGACAATGCTCGGATTTCG
TTCAGTTGATTGATTTGAATGAGATTGTGGTCAACACTGGCCCTGTGTGCGGACGGGAAATCCCCGCCGTTTTCTACTCCTTTACTGATCTGATGACGGTGCGATTTTATTCGGATGAGAACGGT
CCAACAAACGGTGGTTTTAACGCTGTAGTCACCTTTGTAGATTGCTTCCCCGGTGTGTGGATCACGGGCCTATTTGGAGAGTGCTCTGCTACCTGTGGTGAGTCGTCTCGCACCCGAACCGTTG
AATGCCGCAATCCTCGCTTGGACATTGCAGTGAATCCAGCTGAATGCCCACCGGAGAAACCTGACGAGCAAATCCCCTGTGATGTCCCTGAATGCCCAAGTTGTCATGTTGACGTGAATGAGC
CTGGTGAGATAGGGTCTCCTAACTCTCCAGGAAACTATGGTAATAACCAACGATGTGAGACCAACATTGTCAATCCCAATGGCTGTATTGCTATCACCTTCTTGGCGTTTGACCTACAGCCAGGC
TTCACCCCTGGGGAGTGTGACACAGACTTTCTGGAGATCATTGATGTTGCCAGAGATGAACCCATCAAGTTATGTGGCTCGGGACTTCCGGAAACCTACCAGTCATTAGGCAGTAACATTCAGC
TTGTCTTCCAAACCGATGAATCAATTGTATCGACTGGCTACTATGCTTACGTCTCATTCATTCCGTGTCCTGTCAATGCCTACATTGTTGGCAACTGGAGTCAGTGCTCGGTAACCTGTGGTGCT
GGTATCAGAACTCGAGACGTGCAGTGCATGGATCTCATTAACAACATCCCTGTGGAGGATTCTCTCTGCGAAGGCGCAGAAAAACCTGCATCTGAAGAACCTTGTGTTGCTGAAGAGGAATGCC
CATCTTGTGACGTGACTATCACTGAAAGTCTGATGTTTGTCACCAGTCCCGGCTTTCCTGATGAACCCTACGCTCCCAATCTAGAATGTCTTTACACTTTCTACTCGCCCAATCCAGAGCAGTGT
GTCCGTCTGACGATCATAGAGGCCTATCTAAATGGACCTGATAAGAACAATGTCTGCAGTCGTGATTATTTGGAGATCACCAGCCAATCAGGACAGCCTCCATTGCATTTCTGCCCGGAATCGG
CCCGTTCCATTCCCTGGTATTCCCGCGACAATACCGCTTTTGTCCGGTTCATTTCCGATAGTGAGGGCGCTAGTACAGGCTTCAACATCTACGCGGTCTTTGGCTCGTGTCCAGAGTACGACTT
TGAGGTGGGAGAGTTTAGTGAGTGCGATGCTCGTTGCGGAGGTGGCTTCAGGACAAGAACTGTGAGCTGTATCAGCCTAGCAGACGGCACGACAGTACCTGACGAGCTGTGCCGTAATCGAC
GCCCTTTGGATAAAGTTGCTTGCAACACGGAACCATGCCCAGTTTGCGACGAAGCTTTCTTCCCAGGAGACTCTCTGATCATGAGTCCTGGCTTCTCTGGTGCTCCAGGCCAAGGCTACGAGAC
GGTGTTGGACTGCACCTATAACATCACTAACCCAGATGGATGTCTGTTCCTGACCTTTCTCAGTTTTGAGCTTCAAGAATGCGCTGGTTGCTCATGCGACTCTCTCAGTATCATTGAAAACGGTG
AACTAGCTCTTCCACCTCTCTGCGGCGTTCAGAACGATCGTACATGGGCTTCCATTTCTGGCCAGGTCATGTTGAAATTTGTTACTGATAATGCCGTCTCTGCACCTGGGTTTAACATCTACGTT
GCTTACATTGACTGCCCTGATGTGTACTACTACACTGGAGAGTATTCAGAGTGTGACGTGTCCTGTGGTGGAGGAACTCAGTCCCGTGAGGTGCAGTGTAGGAGTCGAACCACTGGCCAACAA
GTTGCAGAGTCCATGTGTGTTGGAATCAAACCTCCATCGACACGCATGTGTGGATTAGAACAATGTCCATTTTGTGATGAGTTGATCACCACTCCAAGTTTTATCTCCAGTCCTGAGTATCCAGC
CAACTATCCCATCAGCATCAACTGCAACTATGCCATCCAAGCACCACCTAATCTGTGTGTTAGCATCAATTTCTTGGTCTTTGAACTTCAAGACGCTGAAGGTGATATGCCAAGAATCTGTCAAGA
TTACGTCCAGATTCGAGATCCAAGTGCCGCAAGTCTTGACCGTCGTTACTGTGGAGTCGCAGCTCCTAATGCCATTCAGTGGAGATCCCGCTCCGGTTTGGTCAGCGTAGACTTCTCATCTGAT
GAGGAAGAGACTTTCCGAGGCTTCCGTGCTTATGTCAACTTTGTGGACTGCCCTCAATATGGATATGTTGTCACTGAATTTAGCATGTGTTCTCGGCCATGCGATGGTGGCATACAGACACGTG
AGGTGACATGTCAAAATCTTGCAACTCAAGAGCCAGCTGACGAGACACGATGCGAGGATGAAAAACCACCGGAGAGTATTCCATGTAACCTGCAACCCTGCCCAGAGTGTGACGAGGATATCA
CTGAGAATCGTCAGAGTGTCTACAGTTTGAATTTCCCACAGCCTTACTTTGAGTATTCTTGTAACTACATCTTCACTAACCCTGGCGGCTGTGTCGAGCTTCTCTTTGTGCAGTTTGAGATGCCGG
AACCAAATGAAATGGGTATCTGTAATAAGGATTACCTCTTGGTTGAGGATATGAGTGACCGGCCCTTTTCGTATCGCATCTGCGGTCGCAGCATCCCCAACAGCGTCTTGTCACGTGGTCCAAG
ACTAAACGTGACTCTGATCACGGATGGTAACCCAAGCACGTTTGGCGAAGGGTACCAGCTTTACAATCTCTTCACGAACAATTGTCCTGAGGTTGGCTACATCGCAGGAGAGTTTGGAGAGTGT
GACCGGCAGTGTGGATTTGGCACACGGACACGTCAAGTCAACTGTGTGGATCTTCAGTCTGGAATTACTGTGGATGACACTCTGTGTACTGATATTAAACCACACGACATGGAATTCTGTAACA
CCCAGCCTTGCCCATCTTGTGACCAGGTTATAGACTCCTTCCCCGCTGCCTTGGAGAAACCTGATAATTTGGACCCTCAGCGTACATGTCGGTATGAAATCGACAGTGAGCGTTGCATCCGAGC
AACGTTCCTTACATTCGACCTCCCAGGAGAAAATGGCATGTGTGGAGATACGTTCATCCAGTTGCAAGACAATGGAGCTGAGTTTTTGACGGAGCGAGTCTGTGGTGATGGACCTGTACCATCC
TCCATTGCATCTCTCTATGCATGGCAATCCAGAACGTCCGATGTGGTCTTGACACTGAACAGTGGCGCTGGACTAACGGATGACGATCGCTTTCGAATCTTCCTGACAGAGACAGACTGTGCAG
AGTTTGGCTTTGTTGCCAGTGAATACGGCGAGTGTAGCAGAACATGTGGCAGTGGTGGAGTCCAGACTCGTACTGTTGAGTGCCAACGTTTAGCTGATAATTCACCAGTTGATGAAGCTATGTG
TACAGATCCTAAACCGATGGCACTCCGGCCATGTGGACCTCAGCCACCATGCCCATCCTGTGATATGCTTGTTACTGATCCTGAGACGTTAATTCAAGGGCCACCACGCAATGGTAACTGGACC
ACTAACGTCCGTTGTCAAATCACGGTGGAATTTGAGACTGCATGCGTTGTCATCTCGGGTTTACAAGTGATGCTGTCCAAACCAGATGTAAACAATACCTGTGTCAACAGCTCATTGACGTTCAC
TGATGCAACATATCCAGACTACAGTCAAACTGTCTGTGGCTCATCGAGTGGTGGTGTATATCGAGCTCTAACAACTCGTTATCTTGTGGACTTCTACTCGGCTGACTATGAAAACTCTGGAGATT
CCTTTAGTCTGTTCGCCCAGGCTGCAGCATGCCCAATGATCGAGTACCAAACTGGTGAATATGCACAGTGCTCAGTCAGTTGCGGTGGTGGAGTTCGAACCCGAGACGTCATTTGTGTGAGAG
CAGATACAATGGAGGAGGTCCCCGAGGATGCTTGCGTAGGCCCTCGCCCAGCGGCTATCGAAGGATGTAACCTGGATGAATGCCCTCAAGAATGTGATAATGTTATCACAGTCAACACACCAG
TGGAGCCTTTGATGTCACCTGGTCGTCCAACATACGTCACCGATGCTGACTGTACCAATAACATTGTCAACTTGAGTGGTTGCATTGTCTTGTCATTCATATCTATGGATATCGAGGAAGGAACT
ATGCCTGGTGTTTGTGATAAGGATTATTTAGAGATCATCGACACCACGTTTGACGAGTTGAATGTGCGGCTGTGTGGCAGCACCCTTCCTGCCACTTGGCGCTCGAAGTCCGGTGTCATCAGGA
CTCGTTTTGTCTCGGACAGCGTGGATACCCAACAAGCTGGCTACACTATCATCTACACGTTGACTCCAGATTGCCCCACAGGATCCTATGTCCTGAGTGGCTTTACTGAGTGTTCTGCAAGCTGT
GGTGAAGCCACACGAACCGCCTCCAGCCTCAACTGTGTGCTTCCAGACTCGAGTGTCGTCAGCAACAGCAACTGTCCAGGCCAACCACCGTCACTTGTCCAGTCTTGCAACCTGGAACCATGC
CCAGAATTCTATTACTTCATCGGGGAGTACTCCGCTTGTTCGGTTGACTGTGGCGATGGTGTCCAGACGCGTGTGGTTGAGTGTCGACGTCTGGACAATGACGCCGTTGTGGACGATGCCTTG
TGTACAGAGTCCAAACCTGCTGAGTCTATGCCATGTAATCTGATGGAGTGCGACAACAATCTTATTGTTCTGTCCGAGACTTCCCAATCGAGGACTTTGGAGTTGGATGTAACTGGTACCATCCA
AAGCCCCAACTTCCCTGGTGCATACCCCAACAACCTGAATGCTGAGATTATTCTGACTATCCCTGCTAACACGTTGCTGAGGGTCACCATTGATGTCTTGGATCTGGCCTTCGAAACCCCTTGTG
TCAATGGGGACTTCCTTAGGCTTTCATCCAGTCCCACCACTGTCCTTCAGTTTTGTCAGAGCATGCAGCTTCCTGTTGATTGGTTTAGTGGTGCTGGTGATACAGAAATCACTATCGCCATGACG
ACCAATGCGGCTAATACAGGAACGGGATTTATGGGAAGATGGTCTGTCATCATTCCACCAAAT
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ATGTACCATGACGGCGGATTAAGTGACTGCGCCAACAAGAAAAGCATTATGGCATCTGTCAACTCTGGAGGACCTGATGCTTTCCACTGGTCTAAATGCAGCAACAATGATCTCCTCAACTTCCT
AGATCGTGCAGAGTCTAAATGTCTGAAGAATAAGCCCAAATCTCTACCGGACTACACTCCTTCCTCCGTTCCGATGCCTGGTTTTTATTTCAATGCTACTGAGCAGTGTGCCATGACGTTTAATG
CGAAGAGCATTGTGGCTTCGGAGGTTTTGAACAAAAAGGAAATCTGCACAGCTCTGGTTTGCAAGAATGAAATGGGAGTGCTAGAATCTAGCAATGTTCCTCCCCTAGATGGAACCCGATGCGG
CACCAGGCGAGATATTTGCATCCATGGAGAATGTCTGAAGGTCTACAGCACTATGGATTGTGATGGTGGTCCATGCGTACCATTCTGGCTTCCAGGTAGTTTCACTTGTCAGAATTCTACCTCGT
GCGAGGCAACACGTTTAGTTCTGTGTGTTGAGGAACACGATGATGGAACGACTCGACGAGTTACAGAGCTTGAGCGTTGCCCAGCCGACATGCCGTCGCCCATGGGCATTTGCCCAGATGATC
CATGCAGGTTTGATTACGTAGCTGGAGACTTTGGTGACTGCTCAGTATCATGCGGAAATGGCATCCAATTCAGGGAAGTGACGTGCCAAGATCGCTCTCAAGAAACTGTGACTGTCCTTGACGA
TGCATTTTGTGCTCAGAGAAATAAGCCAACTACTGCACAAGTCTGTAATCTACCTGCCTGTCCAGTCACTACGTACAGCTATGCTGTAGGGCAATTCCAAGAGTGCTCAGTGACGTGCGGGGCC
GGAGTTCAGATCCGATCTGTGACTTGCCAGAACAACGCAGGTGAAACTGTTGCTGAAACATTCTGTACACAACTTGGTATTTCCAGACCTGCAACCACCCAGAACTGTGACACTCAAATCAGCT
GTGGTCTTCGCTATGTTGCTGGTCCTTACGACACGTGCTCGGTAACCTGTGGTGTGGGTGTCCGTACTCGCATGATCTACTGCGTTAATGGTGACAATCTGGTCGTAGCTCTCACACGATGCGA
GGAAGCGCAACTTGTACAACCGTCTCTTACTACAAGTTGTGAATTGGAAGCCTGCCCTGAACCCGTCTACACTGCACTTCGAGGCGAGTGGTCACAGTGTTCACTTACGTGCGGAGTGGGCAC
TGAGACCAGATTTGTGCAGTGTCGCAGTAACAATGTGGATGTAGACCTTCAATTCTGTATCAATGCTGGATTGACTGACTTGGATACATTGAGGGTGTGCACGCGGCCAACTTGCCAACCAGAG
TATCGGTTTGAACCTGGTGTTTACGGTGAGTGTTCAGTGACGTGTGGTGTAGGAGAACGTACCCGTGATGTCCAGTGCTTGAATCAGGATAACGTGGCAGTAGACATCAGCAACTGTCTGCTAA
TGGGTTTAACTCCGCCACCAAACACCATCGAGTGTGCTCTGGATGCCTGCCCAACATACATCTATCAAGTTGGTGAATTTGGTCCTTGCTCGGAGGACTGTGGTGATGGTCTACAGCTTCGTGC
AGTCACCTGCATTAATAACGACACCCAGGCAGTTGTAGCTGACAGTAACTGTCCTGGGGAAAAACCTGCCGAGACCCAGCCTTGTAACTTGATGCCTTGTGACACTATGCTTCAGTTTGTAACC
AGTCCCTTTGGTGCCTGTAACTGCAGTGGTCTGCAGACTCGTTTTGTTATCTGCATCCGCCGTGTGGGGACAACGTTAGATCAAGTCTCCACACAAAGTTGCTTAGTTGCGGGACTCCAGCCCC
CACCAACCACCCAGGCTTGTACTGCTCCATCAGACTGTGTCCAGCCTGATCCTGTATGGCAGACTACTGAATGGAGTCCGTGTCCAGTAACTTGTGGCATTGGTACCCAGACTCGTCTGGTTTA
CTGCATTGCACAGCCAGGATCAACAGTAACCGTTGACGACTCAATGTGTGTTCCAGGGGACAGACCACCAGATACGCAGGAATGTGACACGGAAGTAGTCTGCCCAACTGAGTACCTGTGGTT
GACCTACGGCTGGGGAGGATGTAGCGTGACATGCGGCGAAGGCTTTGAGACACGTGAAGTCTTCTGTTTTAGTCTTGGAGATAACATCCAACAGGTTGAGGACTCGTTCTGTAATGCTGGTGA
GAAACCCAGCACTGTACGACCCTGTAGTCTACCTCCTTGCACAGCATCATGGACCACATCGGACTGGACCGAGTGTTCGGTGACTTGCGGTCCCGGCACAGAAACCCGTACCATATCCTGTCG
GCAAACTAAGGACCCTAGCAGTAACATTGTTGATGAATCGGAATGCGTTACCGAAGACCGTCCCTCTGAAGCTCGTCCTTGTTATCTATCGCCATGCCCACCTCCTTATGGCTGCGAGACCTCC
TATATGCTTGAAGGCACTGTACAGTATACAGAGAGCTCACCAGGGTTCACTAATGGACAGAATTACCCTAATGATTTAGATTGTTCCAAGGATTTCATTACTCAGAATAACCTCCAAGAAACTAGA
GTGAGACGTCAGATTAATGCAGATGGTCCGCAGCACTACATTCAGCTGACCTTCACGGCGTTTGACGTAGAACCATCTACCGACTGCACATTGGATTTTCTGGAGATTTCCGACAGCTTGTACA
ACACCTCAGAACGGCTATGTGGTAACTCTTATGAGCTGCCTTACGTCTGGCAGTCCCAGGGTCCACACATCAATCTGTACTTCCACACTGATGCCACCGTCACACGACCAGGCTACTCTTTCAT
CTATAATGCTGTGGAGATACAGCAACCAGCACGATATGAAGTCACAGAATGGTCCGAGTGCTCGGTGACATGTGGAAATGGTGTGGAGACACGGGATGTCTTGTGTATCCGTGGCAACGAGAC
TGTTGATGAGAGCGAGTGCAGCGGCTTGCAGAAACCAGTCAGCGTTCAACCGTGTGAGGAAGATGAATGTTTTGAACCAACAGTTTGCAGCGGAGATCTCCTTCGCACGGAGAACAACGCCGT
CATCTTATCGCCCGATTTCCCTGCCTCCTACCCAAACAATGTCTCTTGTTCCAATATCATCCGTGCTCCGGAAGGATTGATTGTAGAGGTCTTTGTAACTTTCTTCACCCTCCGTCCTGAAGAATG
CCGCGATAAGGTTTTGATGAAAGATGTGAATATTGACGGAGATCCTCTAGAGTTGTGTGGTAACCAAGCACCAGGGATTGTCTTTACATCCATTACCAACGAGGTGATAGTGCAGTTTCTGTCGG
CTGAGACGGGACCCATCGCACCTGCTGGATTTGGCTTCAGTCTCAGAGCTGACTTCGTAAACCAGCCAGAGGTTTCTTGTGGTGACCAGATTACAGAATCAGGCCGAGCTGTGTACTCGCCCA
ACTACCCTGATGATTACAACTTGAATGAGAATTGCTTGACTTCTATCAGAAATGCAGACGGATGTATTAAGCTACAGTTCTTGGATGTTGATTTGCCTCCTAGAAACGGACAATGCTCGGATTTCG
TTCAGTTGATTGATTTGAATGAGATTGTGGTCAACACTGGCCCTGTGTGCGGACGGGAAATCCCCGCCGTTTTCTACTCCTTTACTGATCTGATGACGGTGCGATTTTATTCGGATGAGAACGGT
CCAACAAACGGTGGTTTTAACGCTGTAGTCACCTTTGTAGATTGCTTCCCCGGTGTGTGGATCACGGGCCTATTTGGAGAGTGCTCTGCTACCTGTGGTGAGTCGTCTCGCACCCGAACCGTTG
AATGCCGCAATCCTCGCTTGGACATTGCAGTGAATCCAGCTGAATGCCCACCGGAGAAACCTGACGAGCAAATCCCCTGTGATGTCCCTGAATGCCCAAGTTGTCATGTTGACGTGAATGAGC
CTGGTGAGATAGGGTCTCCTAACTCTCCAGGAAACTATGGTAATAACCAACGATGTGAGACCAACATTGTCAATCCCAATGGCTGTATTGCTATCACCTTCTTGGCGTTTGACCTACAGCCAGGC
TTCACCCCTGGGGAGTGTGACACAGACTTTCTGGAGATCATTGATGTTGCCAGAGATGAACCCATCAAGTTATGTGGCTCGGGACTTCCGGAAACCTACCAGTCATTAGGCAGTAACATTCAGC
TTGTCTTCCAAACCGATGAATCAATTGTATCGACTGGCTACTATGCTTACGTCTCATTCATTCCGTGTCCTGTCAATGCCTACATTGTTGGCAACTGGAGTCAGTGCTCGGTAACCTGTGGTGCT
GGTATCAGAACTCGAGACGTGCAGTGCATGGATCTCATTAACAACATCCCTGTGGAGGATTCTCTCTGCGAAGGCGCAGAAAAACCTGCATCTGAAGAACCTTGTGTTGCTGAAGAGGAATGCC
CATCTTGTGACGTGACTATCACTGAAAGTCTGATGTTTGTCACCAGTCCCGGCTTTCCTGATGAACCCTACGCTCCCAATCTAGAATGTCTTTACACTTTCTACTCGCCCAATCCAGAGCAGTGT
GTCCGTCTGACGATCATAGAGGCCTATCTAAATGGACCTGATAAGAACAATGTCTGCAGTCGTGATTATTTGGAGATCACCAGCCAATCAGGACAGCCTCCATTGCATTTCTGCCCGGAATCGG
CCCGTTCCATTCCCTGGTATTCCCGCGACAATACCGCTTTTGTCCGGTTCATTTCCGATAGTGAGGGCGCTAGTACAGGCTTCAACATCTACGCGGTCTTTGGCTCGTGTCCAGAGTACGACTT
TGAGGTGGGAGAGTTTAGTGAGTGCGATGCTCGTTGCGGAGGTGGCTTCAGGACAAGAACTGTGAGCTGTATCAGCCTAGCAGACGGCACGACAGTACCTGACGAGCTGTGCCGTAATCGAC
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GCCCTTTGGATAAAGTTGCTTGCAACACGGAACCATGCCCAGTTTGCGACGAAGCTTTCTTCCCAGGAGACTCTCTGATCATGAGTCCTGGCTTCTCTGGTGCTCCAGGCCAAGGCTACGAGAC
GGTGTTGGACTGCACCTATAACATCACTAACCCAGATGGATGTCTGTTCCTGACCTTTCTCAGTTTTGAGCTTCAAGAATGCGCTGGTTGCTCATGCGACTCTCTCAGTATCATTGAAAACGGTG
AACTAGCTCTTCCACCTCTCTGCGGCGTTCAGAACGATCGTACATGGGCTTCCATTTCTGGCCAGGTCATGTTGAAATTTGTTACTGATAATGCCGTCTCTGCACCTGGGTTTAACATCTACGTT
GCTTACATTGACTGCCCTGATGTGTACTACTACACTGGAGAGTATTCAGAGTGTGACGTGTCCTGTGGTGGAGGAACTCAGTCCCGTGAGGTGCAGTGTAGGAGTCGAACCACTGGCCAACAA
GTTGCAGAGTCCATGTGTGTTGGAATCAAACCTCCATCGACACGCATGTGTGGATTAGAACAATGTCCATTTTGTGATGAGTTGATCACCACTCCAAGTTTTATCTCCAGTCCTGAGTATCCAGC
CAACTATCCCATCAGCATCAACTGCAACTATGCCATCCAAGCACCACCTAATCTGTGTGTTAGCATCAATTTCTTGGTCTTTGAACTTCAAGACGCTGAAGGTGATATGCCAAGAATCTGTCAAGA
TTACGTCCAGATTCGAGATCCAAGTGCCGCAAGTCTTGACCGTCGTTACTGTGGAGTCGCAGCTCCTAATGCCATTCAGTGGAGATCCCGCTCCGGTTTGGTCAGCGTAGACTTCTCATCTGAT
GAGGAAGAGACTTTCCGAGGCTTCCGTGCTTATGTCAACTTTGTGGACTGCCCTCAATATGGATATGTTGTCACTGAATTTAGCATGTGTTCTCGGCCATGCGATGGTGGCATACAGACACGTG
AGGTGACATGTCAAAATCTTGCAACTCAAGAGCCAGCTGACGAGACACGATGCGAGGATGAAAAACCACCGGAGAGTATTCCATGTAACCTGCAACCCTGCCCAGAGTGTGACGAGGATATCA
CTGAGAATCGTCAGAGTGTCTACAGTTTGAATTTCCCACAGCCTTACTTTGAGTATTCTTGTAACTACATCTTCACTAACCCTGGCGGCTGTGTCGAGCTTCTCTTTGTGCAGTTTGAGATGCCGG
AACCAAATGAAATGGGTATCTGTAATAAGGATTACCTCTTGGTTGAGGATATGAGTGACCGGCCCTTTTCGTATCGCATCTGCGGTCGCAGCATCCCCAACAGCGTCTTGTCACGTGGTCCAAG
ACTAAACGTGACTCTGATCACGGATGGTAACCCAAGCACGTTTGGCGAAGGGTACCAGCTTTACAATCTCTTCACGAACAATTGTCCTGAGGTTGGCTACATCGCAGGAGAGTTTGGAGAGTGT
GACCGGCAGTGTGGATTTGGCACACGGACACGTCAAGTCAACTGTGTGGATCTTCAGTCTGGAATTACTGTGGATGACACTCTGTGTACTGATATTAAACCACACGACATGGAATTCTGTAACA
CCCAGCCTTGCCCATCTTGTGACCAGGTTATAGACTCCTTCCCCGCTGCCTTGGAGAAACCTGATAATTTGGACCCTCAGCGTACATGTCGGTATGAAATCGACAGTGAGCGTTGCATCCGAGC
AACGTTCCTTACATTCGACCTCCCAGGAGAAAATGGCATGTGTGGAGATACGTTCATCCAGTTGCAAGACAATGGAGCTGAGTTTTTGACGGAGCGAGTCTGTGGTGATGGACCTGTACCATCC
TCCATTGCATCTCTCTATGCATGGCAATCCAGAACGTCCGATGTGGTCTTGACACTGAACAGTGGCGCTGGACTAACGGATGACGATCGCTTTCGAATCTTCCTGACAGAGACAGACTGTGCAG
AGTTTGGCTTTGTTGCCAGTGAATACGGCGAGTGTAGCAGAACATGTGGCAGTGGTGGAGTCCAGACTCGTACTGTTGAGTGCCAACGTTTAGCTGATAATTCACCAGTTGATGAAGCTATGTG
TACAGATCCTAAACCGATGGCACTCCGGCCATGTGGACCTCAGCCACCATGCCCATCCTGTGATATGCTTGTTACTGATCCTGAGACGTTAATTCAAGGGCCACCACGCAATGGTAACTGGACC
ACTAACGTCCGTTGTCAAATCACGGTGGAATTTGAGACTGCATGCGTTGTCATCTCGGGTTTACAAGTGATGCTGTCCAAACCAGATGTAAACAATACCTGTGTCAACAGCTCATTGACGTTCAC
TGATGCAACATATCCAGACTACAGTCAAACTGTCTGTGGCTCATCGAGTGGTGGTGTATATCGAGCTCTAACAACTCGTTATCTTGTGGACTTCTACTCGGCTGACTATGAAAACTCTGGAGATT
CCTTTAGTCTGTTCGCCCAGGCTGCAGCATGCCCAATGATCGAGTACCAAACTGGTGAATATGCACAGTGCTCAGTCAGTTGCGGTGGTGGAGTTCGAACCCGAGACGTCATTTGTGTGAGAG
CAGATACAATGGAGGAGGTCCCCGAGGATGCTTGCGTAGGCCCTCGCCCAGCGGCTATCGAAGGATGTAACCTGGATGAATGCCCTCAAGAATGTGATAATGTTATCACAGTCAACACACCAG
TGGAGCCTTTGATGTCACCTGGTCGTCCAACATACGTCACCGATGCTGACTGTACCAATAACATTGTCAACTTGAGTGGTTGCATTGTCTTGTCATTCATATCTATGGATATCGAGGAAGGAACT
ATGCCTGGTGTTTGTGATAAGGATTATTTAGAGATCATCGACACCACGTTTGACGAGTTGAATGTGCGGCTGTGTGGCAGCACCCTTCCTGCCACTTGGCGCTCGAAGTCCGGTGTCATCAGGA
CTCGTTTTGTCTCGGACAGCGTGGATACCCAACAAGCTGGCTACACTATCATCTACACGTTGACTCCAGATTGCCCCACAGGATCCTATGTCCTGAGTGGCTTTACTGAGTGTTCTGCAAGCTGT
GGTGAAGCCACACGAACCGCCTCCAGCCTCAACTGTGTGCTTCCAGACTCGAGTGTCGTCAGCAACAGCAACTGTCCAGGCCAACCACCGTCACTTGTCCAGTCTTGCAACCTGGAACCATGC
CCAGAATTCTATTACTTCATCGGGGAGTACTCCGCTTGTTCGGTTGACTGTGGCGATGGTGTCCAGACGCGTGTGGTTGAGTGTCGACGTCTGGACAATGACGCCGTTGTGGACGATGCCTTG
TGTACAGAGTCCAAACCTGCTGAGTCTATGCCATGTAATCTGATGGAGTGCGACAACAATCTTATTGTTCTGTCCGAGACTTCCCAATCGAGGACTTTGGAGTTGGATGTAACTGGTACCATCCA
AAGCCCCAACTTCCCTGGTGCATACCCCAACAACCTGAATGCTGAGATTATTCTGACTATCCCTGCTAACACGTTGCTGAGGGTCACCATTGATGTCTTGGATCTGGCCTTCGAAACCCCTTGTG
TCAATGGGGACTTCCTTAGGCTTTCATCCAGTCCCACCACTGTCCTTCAGTTTTGTCAGAGCATGCAGCTTCCTGTTGATTGGTTTAGTGGTGCTGGTGATACAGAAATCACTATCGCCATGACG
ACCAATGCGGCTAATACAGGAACGGGATTTATGGGAAGATGGTCTGTCATCATTCCACCAAAT

>EBR1|Cryptasterina_hystera_2_allele2| TRINITY_DN14921_c1_g2_i4
ATGTACCATGACGGCGGATTAAGTGACTGCGCCAACAAGAAAAGCATTATGGCATCTGTCAACTCTGGAGGACCTGATGCTTTCCACTGGTCTAAATGCAGCAACAATGATCTCCTCAACTTCCT
AGATCGTGCAGAGTCTAAATGTCTGAAGAATAAGCCCAAATCTCTACCGGACTACACTCCTTCCTCCGTTCCGATGCCTGGTTTTTATTTCAATGCTACTGAGCAGTGTGCCATGACGTTTAATG
CGAAGAGCATTGTGGCTTCGGAGGTTTTGAACAAAAAGGAAATCTGCACAGCTCTGGTTTGCAAGAATGAAATGGGAGTGCTAGAATCTAGCAATGTTCCTCCCCTAGATGGAACCCGATGCGG
CACCAGGCGAGATATTTGCATCCATGGAGAATGTCTGAAGGTCTACAGCACTATGGATTGTGATGGTGGTCCATGCGTACCATTCTGGCTTCCAGGTAGTTTCACTTGTCAGAATTCTACCTCGT
GCGAGGCAACACGTTTAGTTCTGTGTGTTGAGGAACACGATGATGGAACGACTCGACGAGTTACAGAGCTTGAGCGTTGCCCAGCCGACATGCCGTCGCCCATGGGCATTTGCCCAGATGATC
CATGCAGGTTTGATTACGTAGCTGGAGACTTTGGTGACTGCTCAGTATCATGCGGAAATGGCATCCAATTCAGGGAAGTGACGTGCCAAGATCGCTCTCAAGAAACTGTGACTGTCCTTGACGA
TGCATTTTGTGCTCAGAGAAATAAGCCAACTACTGCACAAGTCTGTAATCTACCTGCCTGTCCAGTCACTACGTACAGCTATGCTGTAGGGCAATTCCAAGAGTGCTCAGTGACGTGCGGGGCC
GGAGTTCAGATCCGATCTGTGACTTGCCAGAACAACGCAGGTGAAACTGTTGCTGAAACATTCTGTACACAACTTGGTATTTCCAGACCTGCAACCACCCAGAACTGTGACACTCAAATCAGCT
GTGGTCTTCGCTATGTTGCTGGTCCTTACGACACGTGCTCGGTAACCTGTGGTGTGGGTGTCCGTACTCGCATGATCTACTGCGTTAATGGTGACAATCTGGTCGTAGCTCTCACACGATGCGA
GGAAGCGCAACTTGTACAACCGTCTCTTACTACAAGTTGTGAATTGGAAGCCTGCCCTGAACCCGTCTACACTGCACTTCGAGGCGAGTGGTCACAGTGTTCACTTACGTGCGGAGTGGGCAC
TGAGACCAGATTTGTGCAGTGTCGCAGTAACAATGTGGATGTAGACCTTCAATTCTGTATCAATGCTGGATTGACTGACTTGGATACATTGAGGGTGTGCACGCGGCCAACTTGCCAACCAGAG
TATCGGTTTGAACCTGGTGTTTACGGTGAGTGTTCAGTGACGTGTGGTGTAGGAGAACGTACCCGTGATGTCCAGTGCTTGAATCAGGATAACGTGGCAGTAGACATCAGCAACTGTCTGCTAA
TGGGTTTAACTCCGCCACCAAACACCATCGAGTGTGCTCTGGATGCCTGCCCAACATACATCTATCAAGTTGGTGAATTTGGTCCTTGCTCGGAGGACTGTGGTGATGGTCTACAGCTTCGTGC
AGTCACCTGCATTAATAACGACACCCAGGCAGTTGTAGCTGACAGTAACTGTCCTGGGGAAAAACCTGCCGAGACCCAGCCTTGTAACTTGATGCCTTGTGACACTATGCTTCAGTTTGTAACC
AGTCCCTTTGGTGCCTGTAACTGCAGTGGTCTGCAGACTCGTTTTGTTATCTGCATCCGCCGTGTGGGGACAACGTTAGATCAAGTCTCCACACAAAGTTGCTTAGTTGCGGGACTCCAGCCCC
CACCAACCACCCAGGCTTGTACTGCTCCATCAGACTGTGTCCAGCCTGATCCTGTATGGCAGACTACTGAATGGAGTCCGTGTCCAGTAACTTGTGGCATTGGTACCCAGACTCGTCTGGTTTA
CTGCATTGCACAGCCAGGATCAACAGTAACCGTTGACGACTCAATGTGTGTTCCAGGGGACAGACCACCAGATACGCAGGAATGTGACACGGAAGTAGTCTGCCCAACTGAGTACCTGTGGTT
GACCTACGGCTGGGGAGGATGTAGCGTGACATGCGGCGAAGGCTTTGAGACACGTGAAGTCTTCTGTTTTAGTCTTGGAGATAACATCCAACAGGTTGAGGACTCGTTCTGTAATGCTGGTGA
GAAACCCAGCACTGTACGACCCTGTAGTCTACCTCCTTGCACAGCATCATGGACCACATCGGACTGGACCGAGTGTTCGGTGACTTGCGGTCCCGGCACAGAAACCCGTACCATATCCTGTCG
GCAAACTAAGGACCCTAGCAGTAACATTGTTGATGAATCGGAATGCGTTACCGAAGACCGTCCCTCTGAAGCTCGTCCTTGTTATCTATCGCCATGCCCACCTCCTTATGGCTGCGAGACCTCC
TATATGCTTGAAGGCACTGTACAGTATACAGAGAGCTCACCAGGGTTCACTAATGGACAGAATTACCCTAATGATTTAGATTGTTCCAAGGATTTCATTACTCAGAATAACCTCCAAGAAACTAGA
GTGAGACGTCAGATTAATGCAGATGGTCCGCAGCACTACATTCAGCTGACCTTCACGGCGTTTGACGTAGAACCATCTACCGACTGCACATTGGATTTTCTGGAGATTTCCGACAGCTTGTACA
ACACCTCAGAACGGCTATGTGGTAACTCTTATGAGCTGCCTTACGTCTGGCAGTCCCAGGGTCCACACATCAATCTGTACTTCCACACTGATGCCACCGTCACACGACCAGGCTACTCTTTCAT
CTATAATGCTGTGGAGATACAGCAACCAGCACGATATGAAGTCACAGAATGGTCCGAGTGCTCGGTGACATGTGGAAATGGTGTGGAGACACGGGATGTCTTGTGTATCCGTGGCAACGAGAC
TGTTGATGAGAGCGAGTGCAGCGGCTTGCAGAAACCAGTCAGCGTTCAACCGTGTGAGGAAGATGAATGTTTTGAACCAACAGTTTGCAGCGGAGATCTCCTTCGCACGGAGAACAACGCCGT
CATCTTATCGCCCGATTTCCCTGCCTCCTACCCAAACAATGTCTCTTGTTCCAATATCATCCGTGCTCCGGAAGGATTGATTGTAGAGGTCTTTGTAACTTTCTTCACCCTCCGTCCTGAAGAATG
CCGCGATAAGGTTTTGATGAAAGATGTGAATATTGACGGAGATCCTCTAGAGTTGTGTGGTAACCAAGCACCAGGGATTGTCTTTACATCCATTACCAACGAGGTGATAGTGCAGTTTCTGTCGG
CTGAGACGGGACCCATCGCACCTGCTGGATTTGGCTTCAGTCTCAGAGCTGACTTCGTAAACCAGCCAGAGGTTTCTTGTGGTGACCAGATTACAGAATCAGGCCGAGCTGTGTACTCGCCCA
ACTACCCTGATGATTACAACTTGAATGAGAATTGCTTGACTTCTATCAGAAATGCAGACGGATGTATTAAGCTACAGTTCTTGGATGTTGATTTGCCTCCTAGAAACGGACAATGCTCGGATTTCG
TTCAGTTGATTGATTTGAATGAGATTGTGGTCAACACTGGCCCTGTGTGCGGACGGGAAATCCCCGCCGTTTTCTACTCCTTTACTGATCTGATGACGGTGCGATTTTATTCGGATGAGAACGGT
CCAACAAACGGTGGTTTTAACGCTGTAGTCACCTTTGTAGATTGCTTCCCCGGTGTGTGGATCACGGGCCTATTTGGAGAGTGCTCTGCTACCTGTGGTGAGTCGTCTCGCACCCGAACCGTTG
AATGCCGCAATCCTCGCTTGGACATTGCAGTGAATCCAGCTGAATGCCCACCGGAGAAACCTGACGAGCAAATCCCCTGTGATGTCCCTGAATGCCCAAGTTGTCATGTTGACGTGAATGAGC
CTGGTGAGATAGGGTCTCCTAACTCTCCAGGAAACTATGGTAATAACCAACGATGTGAGACCAACATTGTCAATCCCAATGGCTGTATTGCTATCACCTTCTTGGCGTTTGACCTACAGCCAGGC
TTCACCCCTGGGGAGTGTGACACAGACTTTCTGGAGATCATTGATGTTGCCAGAGATGAACCCATCAAGTTATGTGGCTCGGGACTTCCGGAAACCTACCAGTCATTAGGCAGTAACATTCAGC
TTGTCTTCCAAACCGATGAATCAATTGTATCGACTGGCTACTATGCTTACGTCTCATTCATTCCGTGTCCTGTCAATGCCTACATTGTTGGCAACTGGAGTCAGTGCTCGGTAACCTGTGGTGCT
GGTATCAGAACTCGAGACGTGCAGTGCATGGATCTCATTAACAACATCCCTGTGGAGGATTCTCTCTGCGAAGGCGCAGAAAAACCTGCATCTGAAGAACCTTGTGTTGCTGAAGAGGAATGCC
CATCTTGTGACGTGACTATCACTGAAAGTCTGATGTTTGTCACCAGTCCCGGCTTTCCTGATGAACCCTACGCTCCCAATCTAGAATGTCTTTACACTTTCTACTCGCCCAATCCAGAGCAGTGT
GTCCGTCTGACGATCATAGAGGCCTATCTAAATGGACCTGATAAGAACAATGTCTGCAGTCGTGATTATTTGGAGATCACCAGCCAATCAGGACAGCCTCCATTGCATTTCTGCCCGGAATCGG
CCCGTTCCATTCCCTGGTATTCCCGCGACAATACCGCTTTTGTCCGGTTCATTTCCGATAGTGAGGGCGCTAGTACAGGCTTCAACATCTACGCGGTCTTTGGCTCGTGTCCAGAGTACGACTT
TGAGGTGGGAGAGTTTAGTGAGTGCGATGCTCGTTGCGGAGGTGGCTTCAGGACAAGAACTGTGAGCTGTATCAGCCTAGCAGACGGCACGACAGTACCTGACGAGCTGTGCCGTAATCGAC
GCCCTTTGGATAAAGTTGCTTGCAACACGGAACCATGCCCAGTTTGCGACGAAGCTTTCTTCCCAGGAGACTCTCTGATCATGAGTCCTGGCTTCTCTGGTGCTCCAGGCCAAGGCTACGAGAC
GGTGTTGGACTGCACCTATAACATCACTAACCCAGATGGATGTCTGTTCCTGACCTTTCTCAGTTTTGAGCTTCAAGAATGCGCTGGTTGCTCATGCGACTCTCTCAGTATCATTGAAAACGGTG
AACTAGCTCTTCCACCTCTCTGCGGCGTTCAGAACGATCGTACATGGGCTTCCATTTCTGGCCAGGTCATGTTGAAATTTGTTACTGATAATGCCGTCTCTGCACCTGGGTTTAACATCTACGTT
GCTTACATTGACTGCCCTGATGTGTACTACTACACTGGAGAGTATTCAGAGTGTGACGTGTCCTGTGGTGGAGGAACTCAGTCCCGTGAGGTGCAGTGTAGGAGTCGAACCACTGGCCAACAA
GTTGCAGAGTCCATGTGTGTTGGAATCAAACCTCCATCGACACGCATGTGTGGATTAGAACAATGTCCATTTTGTGATGAGTTGATCACCACTCCAAGTTTTATCTCCAGTCCTGAGTATCCAGC
CAACTATCCCATCAGCATCAACTGCAACTATGCCATCCAAGCACCACCTAATCTGTGTGTTAGCATCAATTTCTTGGTCTTTGAACTTCAAGACGCTGAAGGTGATATGCCAAGAATCTGTCAAGA
TTACGTCCAGATTCGAGATCCAAGTGCCGCAAGTCTTGACCGTCGTTACTGTGGAGTCGCAGCTCCTAATGCCATTCAGTGGAGATCCCGCTCCGGTTTGGTCAGCGTAGACTTCTCATCTGAT
GAGGAAGAGACTTTCCGAGGCTTCCGTGCTTATGTCAACTTTGTGGACTGCCCTCAATATGGATATGTTGTCACTGAATTTAGCATGTGTTCTCGGCCATGCGATGGTGGCATACAGACACGTG
AGGTGACATGTCAAAATCTTGCAACTCAAGAGCCAGCTGACGAGACACGATGCGAGGATGAAAAACCACCGGAGAGTATTCCATGTAACCTGCAACCCTGCCCAGAGTGTGACGAGGATATCA
CTGAGAATCGTCAGAGTGTCTACAGTTTGAATTTCCCACAGCCTTACTTTGAGTATTCTTGTAACTACATCTTCACTAACCCTGGCGGCTGTGTCGAGCTTCTCTTTGTGCAGTTTGAGATGCCGG
AACCAAATGAAATGGGTATCTGTAATAAGGATTACCTCTTGGTTGAGGATATGAGTGACCGGCCCTTTTCGTATCGCATCTGCGGTCGCAGCATCCCCAACAGCGTCTTGTCACGTGGTCCAAG
ACTAAACGTGACTCTGATCACGGATGGTAACCCAAGCACGTTTGGCGAAGGGTACCAGCTTTACAATCTCTTCACGAACAATTGTCCTGAGGTTGGCTACATCGCAGGAGAGTTTGGAGAGTGT
GACCGGCAGTGTGGATTTGGCACACGGACACGTCAAGTCAACTGTGTGGATCTTCAGTCTGGAATTACTGTGGATGACACTCTGTGTACTGATATTAAACCACACGACATGGAATTCTGTAACA
CCCAGCCTTGCCCATCTTGTGACCAGGTTATAGACTCCTTCCCCGCTGCCTTGGAGAAACCTGATAATTTGGACCCTCAGCGTACATGTCGGTATGAAATCGACAGTGAGCGTTGCATCCGAGC
AACGTTCCTTACATTCGACCTCCCAGGAGAAAATGGCATGTGTGGAGATACGTTCATCCAGTTGCAAGACAATGGAGCTGAGTTTTTGACGGAGCGAGTCTGTGGTGATGGACCTGTACCATCC
TCCATTGCATCTCTCTATGCATGGCAATCCAGAACGTCCGATGTGGTCTTGACACTGAACAGTGGCGCTGGACTAACGGATGACGATCGCTTTCGAATCTTCCTGACAGAGACAGACTGTGCAG
AGTTTGGCTTTGTTGCCAGTGAATACGGCGAGTGTAGCAGAACATGTGGCAGTGGTGGAGTCCAGACTCGTACTGTTGAGTGCCAACGTTTAGCTGATAATTCACCAGTTGATGAAGCTATGTG
TACAGATCCTAAACCGATGGCACTCCGGCCATGTGGACCTCAGCCACCATGCCCATCCTGTGATATGCTTGTTACTGATCCTGAGACGTTAATTCAAGGGCCACCACGCAATGGTAACTGGACC
ACTAACGTCCGTTGTCAAATCACGGTGGAATTTGAGACTGCATGCGTTGTCATCTCGGGTTTACAAGTGATGCTGTCCAAACCAGATGTAAACAATACCTGTGTCAACAGCTCATTGACGTTCAC
TGATGCAACATATCCAGACTACAGTCAAACTGTCTGTGGCTCATCGAGTGGTGGTGTATATCGAGCTCTAACAACTCGTTATCTTGTGGACTTCTACTCGGCTGACTATGAAAACTCTGGAGATT
CCTTTAGTCTGTTCGCCCAGGCTGCAGCATGCCCAATGATCGAGTACCAAACTGGTGAATATGCACAGTGCTCAGTCAGTTGCGGTGGTGGAGTTCGAACCCGAGACGTCATTTGTGTGAGAG
CAGATACAATGGAGGAGGTCCCCGAGGATGCTTGCGTAGGCCCTCGCCCAGCGGCTATCGAAGGATGTAACCTGGATGAATGCCCTCAAGAATGTGATAATGTTATCACAGTCAACACACCAG
TGGAGCCTTTGATGTCACCTGGTCGTCCAACATACGTCACCGATGCTGACTGTACCAATAACATTGTCAACTTGAGTGGTTGCATTGTCTTGTCATTCATATCTATGGATATCGAGGAAGGAACT
ATGCCTGGTGTTTGTGATAAGGATTATTTAGAGATCATCGACACCACGTTTGACGAGTTGAATGTGCGGCTGTGTGGCAGCACCCTTCCTGCCACTTGGCGCTCGAAGTCCGGTGTCATCAGGA
CTCGTTTTGTCTCGGACAGCGTGGATACCCAACAAGCTGGCTACACTATCATCTACACGTTGACTCCAGATTGCCCCACAGGATCCTATGTCCTGAGTGGCTTTACTGAGTGTTCTGCAAGCTGT
GGTGAAGCCACACGAACCGCCTCCAGCCTCAACTGTGTGCTTCCAGACTCGAGTGTCGTCAGCAACAGCAACTGTCCAGGCCAACCACCGTCACTTGTCCAGTCTTGCAACCTGGAACCATGC
CCAGAATTCTATTACTTCATCGGGGAGTACTCCGCTTGTTCGGTTGACTGTGGCGATGGTGTCCAGACGCGTGTGGTTGAGTGTCGACGTCTGGACAATGACGCCGTTGTGGACGATGCCTTG
TGTACAGAGTCCAAACCTGCTGAGTCTATGCCATGTAATCTGATGGAGTGCGACAACAATCTTATTGTTCTGTCCGAGACTTCCCAATCGAGGACTTTGGAGTTGGATGTAACTGGTACCATCCA
AAGCCCCAACTTCCCTGGTGCATACCCCAACAACCTGAATGCTGAGATTATTCTGACTATCCCTGCTAACACGTTGCTGAGGGTCACCATTGATGTCTTGGATCTGGCCTTCGAAACCCCTTGTG
TCAATGGGGACTTCCTTAGGCTTTCATCCAGTCCCACCACTGTCCTTCAGTTTTGTCAGAGCATGCAGCTTCCTGTTGATTGGTTTAGTGGTGCTGGTGATACAGAAATCACTATCGCCATGACG
ACCAATGCGGCTAATACAGGAACGGGATTTATGGGAAGATGGTCTGTCATCATTCCACCAAAT

>EBR1|Cryptasterina_hystera_3_allele1|TRINITY_DN17910_c8 g1_il
ATGTACCATGACGGCGGATTAAGTGACTGCGCCAACAAGAAAAGCATTATGGCATCTGTCAACTCTGGAGGACCTGATGCTTTCCACTGGTCTAAATGCAGCAACAATGATCTCCTCAACTTCCT
AGATCGTGCAGAGTCTAAATGTCTGAAGAATAAGCCCAAATCTCTACCGGACTACACTCCTTCCTCCGTTCCGATGCCTGGTTTTTATTTCAATGCTACTGAGCAGTGTGCCATGACGTTTAATG
CGAAGAGCATTGTGGCTTCGGAGGTTTTGAACAAAAAGGAAATCTGCACAGCTCTGGTTTGCAAGAATGAAATGGGAGTGCTAGAATCTAGCAATGTTCCTCCCCTAGATGGAACCCGATGCGG
CACCAGGCGAGATATTTGCATCCATGGAGAATGTCTGAAGGTCTACAGCACTATGGATTGTGATGGTGGTCCATGCGTACCATTCTGGCTTCCAGGTAGTTTCACTTGTCAGAATTCTACCTCGT
GCGAGGCAACACGTTTAGTTCTGTGTGTTGAGGAACACGATGATGGAACGACTCGACGAGTTACAGAGCTTGAGCGTTGCCCAGCCGACATGCCGTCGCCCATGGGCATTTGCCCAGATGATC
CATGCAGGTTTGATTACGTAGCTGGAGACTTTGGTGACTGCTCAGTATCATGCGGAAATGGCATCCAATTCAGGGAAGTGACGTGCCAAGATCGCTCTCAAGAAACTGTGACTGTCCTTGACGA
TGCATTTTGTGCTCAGAGAAATAAGCCAACTACTGCACAAGTCTGTAATCTACCTGCCTGTCCAGTCACTACGTACAGCTATGCTGTAGGGCAATTCCAAGAGTGCTCAGTGACGTGCGGGGCC
GGAGTTCAGATCCGATCTGTGACTTGCCAGAACAACGCAGGTGAAACTGTTGCTGAAACATTCTGTACACAACTTGGTATTTCCAGACCTGCAACCACCCAGAACTGTGACACTCAAATCAGCT
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GTGGTCTTCGCTATGTTGCTGGTCCTTACGACACGTGCTCGGTAACCTGTGGTGTGGGTGTCCGTACTCGCATGATCTACTGCGTTAATGGTGACAATCTGGTCGTAGCTCTCACACGATGCGA
GGAAGCGCAACTTGTACAACCGTCTCTTACTACAAGTTGTGAATTGGAAGCCTGCCCTGAACCCGTCTACACTGCACTTCGAGGCGAGTGGTCACAGTGTTCACTTACGTGCGGAGTGGGCAC
TGAGACCAGATTTGTGCAGTGTCGCAGTAACAATGTGGATGTAGACCTTCAATTCTGTATCAATGCTGGATTGACTGACTTGGATACATTGAGGGTGTGCACGCGGCCAACTTGCCAACCAGAG
TATCGGTTTGAACCTGGTGTTTACGGTGAGTGTTCAGTGACGTGTGGTGTAGGAGAACGTACCCGTGATGTCCAGTGCTTGAATCAGGATAACGTGGCAGTAGACATCAGCAACTGTCTGCTAA
TGGGTTTAACTCCGCCACCAAACACCATCGAGTGTGCTCTGGATGCCTGCCCAACATACATCTATCAAGTTGGTGAATTTGGTCCTTGCTCGGAGGACTGTGGTGATGGTCTACAGCTTCGTGC
AGTCACCTGCATTAATAACGACACCCAGGCAGTTGTAGCTGACAGTAACTGTCCTGGGGAAAAACCTGCCGAGACCCAGCCTTGTAACTTGATGCCTTGTGACACTATGCTTCAGTTTGTAACC
AGTCCCTTTGGTGCCTGTAACTGCAGTGGTCTGCAGACTCGTTTTGTTATCTGCATCCGCCGTGTGGGGACAACGTTAGATCAAGTCTCCACACAAAGTTGCTTAGTTGCGGGACTCCAGCCCC
CACCAACCACCCAGGCTTGTACTGCTCCATCAGACTGTGTCCAGCCTGATCCTGTATGGCAGACTACTGAATGGAGTCCGTGTCCAGTAACTTGTGGCATTGGTACCCAGACTCGTCTGGTTTA
CTGCATTGCACAGCCAGGATCAACAGTAACCGTTGACGACTCAATGTGTGTTCCAGGGGACAGACCACCAGATACGCAGGAATGTGACACGGAAGTAGTCTGCCCAACTGAGTACCTGTGGTT
GACCTACGGCTGGGGAGGATGTAGCGTGACATGCGGCGAAGGCTTTGAGACACGTGAAGTCTTCTGTTTTAGTCTTGGAGATAACATCCAACAGGTTGAGGACTCGTTCTGTAATGCTGGTGA
GAAACCCAGCACTGTACGACCCTGTAGTCTACCTCCTTGCACAGCATCATGGACCACATCGGACTGGACCGAGTGTTCGGTGACTTGCGGTCCCGGCACAGAAACCCGTACCATATCCTGTCG
GCAAACTAAGGACCCTAGCAGTAACATTGTTGATGAATCGGAATGCGTTACCGAAGACCGTCCCTCTGAAGCTCGTCCTTGTTATCTATCGCCATGCCCACCTCCTTATGGCTGCGAGACCTCC
TATATGCTTGAAGGCACTGTACAGTATACAGAGAGCTCACCAGGGTTCACTAATGGACAGAATTACCCTAATGATTTAGATTGTTCCAAGGATTTCATTACTCAGAATAACCTCCAAGAAACTAGA
GTGAGACGTCAGATTAATGCAGATGGTCCGCAGCACTACATTCAGCTGACCTTCACGGCGTTTGACGTAGAACCATCTACCGACTGCACATTGGATTTTCTGGAGATTTCCGACAGCTTGTACA
ACACCTCAGAACGGCTATGTGGTAACTCTTATGAGCTGCCTTACGTCTGGCAGTCCCAGGGTCCACACATCAATCTGTACTTCCACACTGATGCCACCGTCACACGACCAGGCTACTCTTTCAT
CTATAATGCTGTGGAGATACAGCAACCAGCACGATATGAAGTCACAGAATGGTCCGAGTGCTCGGTGACATGTGGAAATGGTGTGGAGACACGGGATGTCTTGTGTATCCGTGGCAACGAGAC
TGTTGATGAGAGCGAGTGCAGCGGCTTGCAGAAACCAGTCAGCGTTCAACCGTGTGAGGAAGATGAATGTTTTGAACCAACAGTTTGCAGCGGAGATCTCCTTCGCACGGAGAACAACGCCGT
CATCTTATCGCCCGATTTCCCTGCCTCCTACCCAAACAATGTCTCTTGTTCCAATATCATCCGTGCTCCGGAAGGATTGATTGTAGAGGTCTTTGTAACTTTCTTCACCCTCCGTCCTGAAGAATG
CCGCGATAAGGTTTTGATGAAAGATGTGAATATTGACGGAGATCCTCTAGAGTTGTGTGGTAACCAAGCACCAGGGATTGTCTTTACATCCATTACCAACGAGGTGATAGTGCAGTTTCTGTCGG
CTGAGACGGGACCCATCGCACCTGCTGGATTTGGCTTCAGTCTCAGAGCTGACTTCGTAAACCAGCCAGAGGTTTCTTGTGGTGACCAGATTACAGAATCAGGCCGAGCTGTGTACTCGCCCA
ACTACCCTGATGATTACAACTTGAATGAGAATTGCTTGACTTCTATCAGAAATGCAGACGGATGTATTAAGCTACAGTTCTTGGATGTTGATTTGCCTCCTAGAAACGGACAATGCTCGGATTTCG
TTCAGTTGATTGATTTGAATGAGATTGTGGTCAACACTGGCCCTGTGTGCGGACGGGAAATCCCCGCCGTTTTCTACTCCTTTACTGATCTGATGACGGTGCGATTTTATTCGGATGAGAACGGT
CCAACAAACGGTGGTTTTAACGCTGTAGTCACCTTTGTAGATTGCTTCCCCGGTGTGTGGATCACGGGCCTATTTGGAGAGTGCTCTGCTACCTGTGGTGAGTCGTCTCGCACCCGAACCGTTG
AATGCCGCAATCCTCGCTTGGACATTGCAGTGAATCCAGCTGAATGCCCACCGGAGAAACCTGACGAGCAAATCCCCTGTGATGTCCCTGAATGCCCAAGTTGTCATGTTGACGTGAATGAGC
CTGGTGAGATAGGGTCTCCTAACTCTCCAGGAAACTATGGTAATAACCAACGATGTGAGACCAACATTGTCAATCCCAATGGCTGTATTGCTATCACCTTCTTGGCGTTTGACCTACAGCCAGGC
TTCACCCCTGGGGAGTGTGACACAGACTTTCTGGAGATCATTGATGTTGCCAGAGATGAACCCATCAAGTTATGTGGCTCGGGACTTCCGGAAACCTACCAGTCATTAGGCAGTAACATTCAGC
TTGTCTTCCAAACCGATGAATCAATTGTATCGACTGGCTACTATGCTTACGTCTCATTCATTCCGTGTCCTGTCAATGCCTACATTGTTGGCAACTGGAGTCAGTGCTCGGTAACCTGTGGTGCT
GGTATCAGAACTCGAGACGTGCAGTGCATGGATCTCATTAACAACATCCCTGTGGAGGATTCTCTCTGCGAAGGCGCAGAAAAACCTGCATCTGAAGAACCTTGTGTTGCTGAAGAGGAATGCC
CATCTTGTGACGTGACTATCACTGAAAGTCTGATGTTTGTCACCAGTCCCGGCTTTCCTGATGAACCCTACGCTCCCAATCTAGAATGTCTTTACACTTTCTACTCGCCCAATCCAGAGCAGTGT
GTCCGTCTGACGATCATAGAGGCCTATCTAAATGGACCTGATAAGAACAATGTCTGCAGTCGTGATTATTTGGAGATCACCAGCCAATCAGGACAGCCTCCATTGCATTTCTGCCCGGAATCGG
CCCGTTCCATTCCCTGGTATTCCCGCGACAATACCGCTTTTGTCCGGTTCATTTCCGATAGTGAGGGCGCTAGTACAGGCTTCAACATCTACGCGGTCTTTGGCTCGTGTCCAGAGTACGACTT
TGAGGTGGGAGAGTTTAGTGAGTGCGATGCTCGTTGCGGAGGTGGCTTCAGGACAAGAACTGTGAGCTGTATCAGCCTAGCAGACGGCACGACAGTACCTGACGAGCTGTGCCGTAATCGAC
GCCCTTTGGATAAAGTTGCTTGCAACACGGAACCATGCCCAGTTTGCGACGAAGCTTTCTTCCCAGGAGACTCTCTGATCATGAGTCCTGGCTTCTCTGGTGCTCCAGGCCAAGGCTACGAGAC
GGTGTTGGACTGCACCTATAACATCACTAACCCAGATGGATGTCTGTTCCTGACCTTTCTCAGTTTTGAGCTTCAAGAATGCGCTGGTTGCTCATGCGACTCTCTCAGTATCATTGAAAACGGTG
AACTAGCTCTTCCACCTCTCTGCGGCGTTCAGAACGATCGTACATGGGCTTCCATTTCTGGCCAGGTCATGTTGAAATTTGTTACTGATAATGCCGTCTCTGCACCTGGGTTTAACATCTACGTT
GCTTACATTGACTGCCCTGATGTGTACTACTACACTGGAGAGTATTCAGAGTGTGACGTGTCCTGTGGTGGAGGAACTCAGTCCCGTGAGGTGCAGTGTAGGAGTCGAACCACTGGCCAACAA
GTTGCAGAGTCCATGTGTGTTGGAATCAAACCTCCATCGACACGCATGTGTGGATTAGAACAATGTCCATTTTGTGATGAGTTGATCACCACTCCAAGTTTTATCTCCAGTCCTGAGTATCCAGC
CAACTATCCCATCAGCATCAACTGCAACTATGCCATCCAAGCACCACCTAATCTGTGTGTTAGCATCAATTTCTTGGTCTTTGAACTTCAAGACGCTGAAGGTGATATGCCAAGAATCTGTCAAGA
TTACGTCCAGATTCGAGATCCAAGTGCCGCAAGTCTTGACCGTCGTTACTGTGGAGTCGCAGCTCCTAATGCCATTCAGTGGAGATCCCGCTCCGGTTTGGTCAGCGTAGACTTCTCATCTGAT
GAGGAAGAGACTTTCCGAGGCTTCCGTGCTTATGTCAACTTTGTGGACTGCCCTCAATATGGATATGTTGTCACTGAATTTAGCATGTGTTCTCGGCCATGCGATGGTGGCATACAGACACGTG
AGGTGACATGTCAAAATCTTGCAACTCAAGAGCCAGCTGACGAGACACGATGCGAGGATGAAAAACCACCGGAGAGTATTCCATGTAACCTGCAACCCTGCCCAGAGTGTGACGAGGATATCA
CTGAGAATCGTCAGAGTGTCTACAGTTTGAATTTCCCACAGCCTTACTTTGAGTATTCTTGTAACTACATCTTCACTAACCCTGGCGGCTGTGTCGAGCTTCTCTTTGTGCAGTTTGAGATGCCGG
AACCAAATGAAATGGGTATCTGTAATAAGGATTACCTCTTGGTTGAGGATATGAGTGACCGGCCCTTTTCGTATCGCATCTGCGGTCGCAGCATCCCCAACAGCGTCTTGTCACGTGGTCCAAG
ACTAAACGTGACTCTGATCACGGATGGTAACCCAAGCACGTTTGGCGAAGGGTACCAGCTTTACAATCTCTTCACGAACAATTGTCCTGAGGTTGGCTACATCGCAGGAGAGTTTGGAGAGTGT
GACCGGCAGTGTGGATTTGGCACACGGACACGTCAAGTCAACTGTGTGGATCTTCAGTCTGGAATTACTGTGGATGACACTCTGTGTACTGATATTAAACCACACGACATGGAATTCTGTAACA
CCCAGCCTTGCCCATCTTGTGACCAGGTTATAGACTCCTTCCCCGCTGCCTTGGAGAAACCTGATAATTTGGACCCTCAGCGTACATGTCGGTATGAAATCGACAGTGAGCGTTGCATCCGAGC
AACGTTCCTTACATTCGACCTCCCAGGAGAAAATGGCATGTGTGGAGATACGTTCATCCAGTTGCAAGACAATGGAGCTGAGTTTTTGACGGAGCGAGTCTGTGGTGATGGACCTGTACCATCC
TCCATTGCATCTCTCTATGCATGGCAATCCAGAACGTCCGATGTGGTCTTGACACTGAACAGTGGCGCTGGACTAACGGATGACGATCGCTTTCGAATCTTCCTGACAGAGACAGACTGTGCAG
AGTTTGGCTTTGTTGCCAGTGAATACGGCGAGTGTAGCAGAACATGTGGCAGTGGTGGAGTCCAGACTCGTACTGTTGAGTGCCAACGTTTAGCTGATAATTCACCAGTTGATGAAGCTATGTG
TACAGATCCTAAACCGATGGCACTCCGGCCATGTGGACCTCAGCCACCATGCCCATCCTGTGATATGCTTGTTACTGATCCTGAGACGTTAATTCAAGGGCCACCACGCAATGGTAACTGGACC
ACTAACGTCCGTTGTCAAATCACGGTGGAATTTGAGACTGCATGCGTTGTCATCTCGGGTTTACAAGTGATGCTGTCCAAACCAGATGTAAACAATACCTGTGTCAACAGCTCATTGACGTTCAC
TGATGCAACATATCCAGACTACAGTCAAACTGTCTGTGGCTCATCGAGTGGTGGTGTATATCGAGCTCTAACAACTCGTTATCTTGTGGACTTCTACTCGGCTGACTATGAAAACTCTGGAGATT
CCTTTAGTCTGTTCGCCCAGGCTGCAGCATGCCCAATGATCGAGTACCAAACTGGTGAATATGCACAGTGCTCAGTCAGTTGCGGTGGTGGAGTTCGAACCCGAGACGTCATTTGTGTGAGAG
CAGATACAATGGAGGAGGTCCCCGAGGATGCTTGCGTAGGCCCTCGCCCAGCGGCTATCGAAGGATGTAACCTGGATGAATGCCCTCAAGAATGTGATAATGTTATCACAGTCAACACACCAG
TGGAGCCTTTGATGTCACCTGGTCGTCCAACATACGTCACCGATGCTGACTGTACCAATAACATTGTCAACTTGAGTGGTTGCATTGTCTTGTCATTCATATCTATGGATATCGAGGAAGGAACT
ATGCCTGGTGTTTGTGATAAGGATTATTTAGAGATCATCGACACCACGTTTGACGAGTTGAATGTGCGGCTGTGTGGCAGCACCCTTCCTGCCACTTGGCGCTCGAAGTCCGGTGTCATCAGGA
CTCGTTTTGTCTCGGACAGCGTGGATACCCAACAAGCTGGCTACACTATCATCTACACGTTGACTCCAGATTGCCCCACAGGATCCTATGTCCTGAGTGGCTTTACTGAGTGTTCTGCAAGCTGT
GGTGAAGCCACACGAACCGCCTCCAGCCTCAACTGTGTGCTTCCAGACTCGAGTGTCGTCAGCAACAGCAACTGTCCAGGCCAACCACCGTCACTTGTCCAGTCTTGCAACCTGGAACCATGC
CCAGAATTCTATTACTTCATCGGGGAGTACTCCGCTTGTTCGGTTGACTGTGGCGATGGTGTCCAGACGCGTGTGGTTGAGTGTCGACGTCTGGACAATGACGCCGTTGTGGACGATGCCTTG
TGTACAGAGTCCAAACCTGCTGAGTCTATGCCATGTAATCTGATGGAGTGCGACAACAATCTTATTGTTCTGTCCGAGACTTCCCAATCGAGGACTTTGGAGTTGGATGTAACTGGTACCATCCA
AAGCCCCAACTTCCCTGGTGCATACCCCAACAACCTGAATGCTGAGATTATTCTGACTATCCCTGCTAACACGTTGCTGAGGGTCACCATTGATGTCTTGGATCTGGCCTTCGAAACCCCTTGTG
TCAATGGGGACTTCCTTAGGCTTTCATCCAGTCCCACCACTGTCCTTCAGTTTTGTCAGAGCATGCAGCTTCCTGTTGATTGGTTTAGTGGTGCTGGTGATACAGAAATCACTATCGCCATGACG
ACCAATGCGGCTAATACAGGAACGGGATTTATGGGAAGATGGTCTGTCATCATTCCACCAAAT

>EBR1|Cryptasterina_hystera_3_allele2| TRINITY_DN17910_c8_g1_il1
ATGTACCATGACGGCGGATTAAGTGACTGCGCCAACAAGAAAAGCATTATGGCATCTGTCAACTCTGGAGGACCTGATGCTTTCCACTGGTCTAAATGCAGCAACAATGATCTCCTCAACTTCCT
AGATCGTGCAGAGTCTAAATGTCTGAAGAATAAGCCCAAATCTCTACCGGACTACACTCCTTCCTCCGTTCCGATGCCTGGTTTTTATTTCAATGCTACTGAGCAGTGTGCCATGACGTTTAATG
CGAAGAGCATTGTGGCTTCGGAGGTTTTGAACAAAAAGGAAATCTGCACAGCTCTGGTTTGCAAGAATGAAATGGGAGTGCTAGAATCTAGCAATGTTCCTCCCCTAGATGGAACCCGATGCGG
CACCAGGCGAGATATTTGCATCCATGGAGAATGTCTGAAGGTCTACAGCACTATGGATTGTGATGGTGGTCCATGCGTACCATTCTGGCTTCCAGGTAGTTTCACTTGTCAGAATTCTACCTCGT
GCGAGGCAACACGTTTAGTTCTGTGTGTTGAGGAACACGATGATGGAACGACTCGACGAGTTACAGAGCTTGAGCGTTGCCCAGCCGACATGCCGTCGCCCATGGGCATTTGCCCAGATGATC
CATGCAGGTTTGATTACGTAGCTGGAGACTTTGGTGACTGCTCAGTATCATGCGGAAATGGCATCCAATTCAGGGAAGTGACGTGCCAAGATCGCTCTCAAGAAACTGTGACTGTCCTTGACGA
TGCATTTTGTGCTCAGAGAAATAAGCCAACTACTGCACAAGTCTGTAATCTACCTGCCTGTCCAGTCACTACGTACAGCTATGCTGTAGGGCAATTCCAAGAGTGCTCAGTGACGTGCGGGGCC
GGAGTTCAGATCCGATCTGTGACTTGCCAGAACAACGCAGGTGAAACTGTTGCTGAAACATTCTGTACACAACTTGGTATTTCCAGACCTGCAACCACCCAGAACTGTGACACTCAAATCAGCT
GTGGTCTTCGCTATGTTGCTGGTCCTTACGACACGTGCTCGGTAACCTGTGGTGTGGGTGTCCGTACTCGCATGATCTACTGCGTTAATGGTGACAATCTGGTCGTAGCTCTCACACGATGCGA
GGAAGCGCAACTTGTACAACCGTCTCTTACTACAAGTTGTGAATTGGAAGCCTGCCCTGAACCCGTCTACACTGCACTTCGAGGCGAGTGGTCACAGTGTTCACTTACGTGCGGAGTGGGCAC
TGAGACCAGATTTGTGCAGTGTCGCAGTAACAATGTGGATGTAGACCTTCAATTCTGTATCAATGCTGGATTGACTGACTTGGATACATTGAGGGTGTGCACGCGGCCAACTTGCCAACCAGAG
TATCGGTTTGAACCTGGTGTTTACGGTGAGTGTTCAGTGACGTGTGGTGTAGGAGAACGTACCCGTGATGTCCAGTGCTTGAATCAGGATAACGTGGCAGTAGACATCAGCAACTGTCTGCTAA
TGGGTTTAACTCCGCCACCAAACACCATCGAGTGTGCTCTGGATGCCTGCCCAACATACATCTATCAAGTTGGTGAATTTGGTCCTTGCTCGGAGGACTGTGGTGATGGTCTACAGCTTCGTGC
AGTCACCTGCATTAATAACGACACCCAGGCAGTTGTAGCTGACAGTAACTGTCCTGGGGAAAAACCTGCCGAGACCCAGCCTTGTAACTTGATGCCTTGTGACACTATGCTTCAGTTTGTAACC
AGTCCCTTTGGTGCCTGTAACTGCAGTGGTCTGCAGACTCGTTTTGTTATCTGCATCCGCCGTGTGGGGACAACGTTAGATCAAGTCTCCACACAAAGTTGCTTAGTTGCGGGACTCCAGCCCC
CACCAACCACCCAGGCTTGTACTGCTCCATCAGACTGTGTCCAGCCTGATCCTGTATGGCAGACTACTGAATGGAGTCCGTGTCCAGTAACTTGTGGCATTGGTACCCAGACTCGTCTGGTTTA
CTGCATTGCACAGCCAGGATCAACAGTAACCGTTGACGACTCAATGTGTGTTCCAGGGGACAGACCACCAGATACGCAGGAATGTGACACGGAAGTAGTCTGCCCAACTGAGTACCTGTGGTT
GACCTACGGCTGGGGAGGATGTAGCGTGACATGCGGCGAAGGCTTTGAGACACGTGAAGTCTTCTGTTTTAGTCTTGGAGATAACATCCAACAGGTTGAGGACTCGTTCTGTAATGCTGGTGA
GAAACCCAGCACTGTACGACCCTGTAGTCTACCTCCTTGCACAGCATCATGGACCACATCGGACTGGACCGAGTGTTCGGTGACTTGCGGTCCCGGCACAGAAACCCGTACCATATCCTGTCG
GCAAACTAAGGACCCTAGCAGTAACATTGTTGATGAATCGGAATGCGTTACCGAAGACCGTCCCTCTGAAGCTCGTCCTTGTTATCTATCGCCATGCCCACCTCCTTATGGCTGCGAGACCTCC
TATATGCTTGAAGGCACTGTACAGTATACAGAGAGCTCACCAGGGTTCACTAATGGACAGAATTACCCTAATGATTTAGATTGTTCCAAGGATTTCATTACTCAGAATAACCTCCAAGAAACTAGA
GTGAGACGTCAGATTAATGCAGATGGTCCGCAGCACTACATTCAGCTGACCTTCACGGCGTTTGACGTAGAACCATCTACCGACTGCACATTGGATTTTCTGGAGATTTCCGACAGCTTGTACA
ACACCTCAGAACGGCTATGTGGTAACTCTTATGAGCTGCCTTACGTCTGGCAGTCCCAGGGTCCACACATCAATCTGTACTTCCACACTGATGCCACCGTCACACGACCAGGCTACTCTTTCAT
CTATAATGCTGTGGAGATACAGCAACCAGCACGATATGAAGTCACAGAATGGTCCGAGTGCTCGGTGACATGTGGAAATGGTGTGGAGACACGGGATGTCTTGTGTATCCGTGGCAACGAGAC
TGTTGATGAGAGCGAGTGCAGCGGCTTGCAGAAACCAGTCAGCGTTCAACCGTGTGAGGAAGATGAATGTTTTGAACCAACAGTTTGCAGCGGAGATCTCCTTCGCACGGAGAACAACGCCGT
CATCTTATCGCCCGATTTCCCTGCCTCCTACCCAAACAATGTCTCTTGTTCCAATATCATCCGTGCTCCGGAAGGATTGATTGTAGAGGTCTTTGTAACTTTCTTCACCCTCCGTCCTGAAGAATG
CCGCGATAAGGTTTTGATGAAAGATGTGAATATTGACGGAGATCCTCTAGAGTTGTGTGGTAACCAAGCACCAGGGATTGTCTTTACATCCATTACCAACGAGGTGATAGTGCAGTTTCTGTCGG
CTGAGACGGGACCCATCGCACCTGCTGGATTTGGCTTCAGTCTCAGAGCTGACTTCGTAAACCAGCCAGAGGTTTCTTGTGGTGACCAGATTACAGAATCAGGCCGAGCTGTGTACTCGCCCA
ACTACCCTGATGATTACAACTTGAATGAGAATTGCTTGACTTCTATCAGAAATGCAGACGGATGTATTAAGCTACAGTTCTTGGATGTTGATTTGCCTCCTAGAAACGGACAATGCTCGGATTTCG
TTCAGTTGATTGATTTGAATGAGATTGTGGTCAACACTGGCCCTGTGTGCGGACGGGAAATCCCCGCCGTTTTCTACTCCTTTACTGATCTGATGACGGTGCGATTTTATTCGGATGAGAACGGT
CCAACAAACGGTGGTTTTAACGCTGTAGTCACCTTTGTAGATTGCTTCCCCGGTGTGTGGATCACGGGCCTATTTGGAGAGTGCTCTGCTACCTGTGGTGAGTCGTCTCGCACCCGAACCGTTG
AATGCCGCAATCCTCGCTTGGACATTGCAGTGAATCCAGCTGAATGCCCACCGGAGAAACCTGACGAGCAAATCCCCTGTGATGTCCCTGAATGCCCAAGTTGTCATGTTGACGTGAATGAGC
CTGGTGAGATAGGGTCTCCTAACTCTCCAGGAAACTATGGTAATAACCAACGATGTGAGACCAACATTGTCAATCCCAATGGCTGTATTGCTATCACCTTCTTGGCGTTTGACCTACAGCCAGGC
TTCACCCCTGGGGAGTGTGACACAGACTTTCTGGAGATCATTGATGTTGCCAGAGATGAACCCATCAAGTTATGTGGCTCGGGACTTCCGGAAACCTACCAGTCATTAGGCAGTAACATTCAGC
TTGTCTTCCAAACCGATGAATCAATTGTATCGACTGGCTACTATGCTTACGTCTCATTCATTCCGTGTCCTGTCAATGCCTACATTGTTGGCAACTGGAGTCAGTGCTCGGTAACCTGTGGTGCT
GGTATCAGAACTCGAGACGTGCAGTGCATGGATCTCATTAACAACATCCCTGTGGAGGATTCTCTCTGCGAAGGCGCAGAAAAACCTGCATCTGAAGAACCTTGTGTTGCTGAAGAGGAATGCC
CATCTTGTGACGTGACTATCACTGAAAGTCTGATGTTTGTCACCAGTCCCGGCTTTCCTGATGAACCCTACGCTCCCAATCTAGAATGTCTTTACACTTTCTACTCGCCCAATCCAGAGCAGTGT
GTCCGTCTGACGATCATAGAGGCCTATCTAAATGGACCTGATAAGAACAATGTCTGCAGTCGTGATTATTTGGAGATCACCAGCCAATCAGGACAGCCTCCATTGCATTTCTGCCCGGAATCGG
CCCGTTCCATTCCCTGGTATTCCCGCGACAATACCGCTTTTGTCCGGTTCATTTCCGATAGTGAGGGCGCTAGTACAGGCTTCAACATCTACGCGGTCTTTGGCTCGTGTCCAGAGTACGACTT
TGAGGTGGGAGAGTTTAGTGAGTGCGATGCTCGTTGCGGAGGTGGCTTCAGGACAAGAACTGTGAGCTGTATCAGCCTAGCAGACGGCACGACAGTACCTGACGAGCTGTGCCGTAATCGAC
GCCCTTTGGATAAAGTTGCTTGCAACACGGAACCATGCCCAGTTTGCGACGAAGCTTTCTTCCCAGGAGACTCTCTGATCATGAGTCCTGGCTTCTCTGGTGCTCCAGGCCAAGGCTACGAGAC
GGTGTTGGACTGCACCTATAACATCACTAACCCAGATGGATGTCTGTTCCTGACCTTTCTCAGTTTTGAGCTTCAAGAATGCGCTGGTTGCTCATGCGACTCTCTCAGTATCATTGAAAACGGTG
AACTAGCTCTTCCACCTCTCTGCGGCGTTCAGAACGATCGTACATGGGCTTCCATTTCTGGCCAGGTCATGTTGAAATTTGTTACTGATAATGCCGTCTCTGCACCTGGGTTTAACATCTACGTT
GCTTACATTGACTGCCCTGATGTGTACTACTACACTGGAGAGTATTCAGAGTGTGACGTGTCCTGTGGTGGAGGAACTCAGTCCCGTGAGGTGCAGTGTAGGAGTCGAACCACTGGCCAACAA
GTTGCAGAGTCCATGTGTGTTGGAATCAAACCTCCATCGACACGCATGTGTGGATTAGAACAATGTCCATTTTGTGATGAGTTGATCACCACTCCAAGTTTTATCTCCAGTCCTGAGTATCCAGC
CAACTATCCCATCAGCATCAACTGCAACTATGCCATCCAAGCACCACCTAATCTGTGTGTTAGCATCAATTTCTTGGTCTTTGAACTTCAAGACGCTGAAGGTGATATGCCAAGAATCTGTCAAGA
TTACGTCCAGATTCGAGATCCAAGTGCCGCAAGTCTTGACCGTCGTTACTGTGGAGTCGCAGCTCCTAATGCCATTCAGTGGAGATCCCGCTCCGGTTTGGTCAGCGTAGACTTCTCATCTGAT
GAGGAAGAGACTTTCCGAGGCTTCCGTGCTTATGTCAACTTTGTGGACTGCCCTCAATATGGATATGTTGTCACTGAATTTAGCATGTGTTCTCGGCCATGCGATGGTGGCATACAGACACGTG
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AGGTGACATGTCAAAATCTTGCAACTCAAGAGCCAGCTGACGAGACACGATGCGAGGATGAAAAACCACCGGAGAGTATTCCATGTAACCTGCAACCCTGCCCAGAGTGTGACGAGGATATCA
CTGAGAATCGTCAGAGTGTCTACAGTTTGAATTTCCCACAGCCTTACTTTGAGTATTCTTGTAACTACATCTTCACTAACCCTGGCGGCTGTGTCGAGCTTCTCTTTGTGCAGTTTGAGATGCCGG
AACCAAATGAAATGGGTATCTGTAATAAGGATTACCTCTTGGTTGAGGATATGAGTGACCGGCCCTTTTCGTATCGCATCTGCGGTCGCAGCATCCCCAACAGCGTCTTGTCACGTGGTCCAAG
ACTAAACGTGACTCTGATCACGGATGGTAACCCAAGCACGTTTGGCGAAGGGTACCAGCTTTACAATCTCTTCACGAACAATTGTCCTGAGGTTGGCTACATCGCAGGAGAGTTTGGAGAGTGT
GACCGGCAGTGTGGATTTGGCACACGGACACGTCAAGTCAACTGTGTGGATCTTCAGTCTGGAATTACTGTGGATGACACTCTGTGTACTGATATTAAACCACACGACATGGAATTCTGTAACA
CCCAGCCTTGCCCATCTTGTGACCAGGTTATAGACTCCTTCCCCGCTGCCTTGGAGAAACCTGATAATTTGGACCCTCAGCGTACATGTCGGTATGAAATCGACAGTGAGCGTTGCATCCGAGC
AACGTTCCTTACATTCGACCTCCCAGGAGAAAATGGCATGTGTGGAGATACGTTCATCCAGTTGCAAGACAATGGAGCTGAGTTTTTGACGGAGCGAGTCTGTGGTGATGGACCTGTACCATCC
TCCATTGCATCTCTCTATGCATGGCAATCCAGAACGTCCGATGTGGTCTTGACACTGAACAGTGGCGCTGGACTAACGGATGACGATCGCTTTCGAATCTTCCTGACAGAGACAGACTGTGCAG
AGTTTGGCTTTGTTGCCAGTGAATACGGCGAGTGTAGCAGAACATGTGGCAGTGGTGGAGTCCAGACTCGTACTGTTGAGTGCCAACGTTTAGCTGATAATTCACCAGTTGATGAAGCTATGTG
TACAGATCCTAAACCGATGGCACTCCGGCCATGTGGACCTCAGCCACCATGCCCATCCTGTGATATGCTTGTTACTGATCCTGAGACGTTAATTCAAGGGCCACCACGCAATGGTAACTGGACC
ACTAACGTCCGTTGTCAAATCACGGTGGAATTTGAGACTGCATGCGTTGTCATCTCGGGTTTACAAGTGATGCTGTCCAAACCAGATGTAAACAATACCTGTGTCAACAGCTCATTGACGTTCAC
TGATGCAACATATCCAGACTACAGTCAAACTGTCTGTGGCTCATCGAGTGGTGGTGTATATCGAGCTCTAACAACTCGTTATCTTGTGGACTTCTACTCGGCTGACTATGAAAACTCTGGAGATT
CCTTTAGTCTGTTCGCCCAGGCTGCAGCATGCCCAATGATCGAGTACCAAACTGGTGAATATGCACAGTGCTCAGTCAGTTGCGGTGGTGGAGTTCGAACCCGAGACGTCATTTGTGTGAGAG
CAGATACAATGGAGGAGGTCCCCGAGGATGCTTGCGTAGGCCCTCGCCCAGCGGCTATCGAAGGATGTAACCTGGATGAATGCCCTCAAGAATGTGATAATGTTATCACAGTCAACACACCAG
TGGAGCCTTTGATGTCACCTGGTCGTCCAACATACGTCACCGATGCTGACTGTACCAATAACATTGTCAACTTGAGTGGTTGCATTGTCTTGTCATTCATATCTATGGATATCGAGGAAGGAACT
ATGCCTGGTGTTTGTGATAAGGATTATTTAGAGATCATCGACACCACGTTTGACGAGTTGAATGTGCGGCTGTGTGGCAGCACCCTTCCTGCCACTTGGCGCTCGAAGTCCGGTGTCATCAGGA
CTCGTTTTGTCTCGGACAGCGTGGATACCCAACAAGCTGGCTACACTATCATCTACACGTTGACTCCAGATTGCCCCACAGGATCCTATGTCCTGAGTGGCTTTACTGAGTGTTCTGCAAGCTGT
GGTGAAGCCACACGAACCGCCTCCAGCCTCAACTGTGTGCTTCCAGACTCGAGTGTCGTCAGCAACAGCAACTGTCCAGGCCAACCACCGTCACTTGTCCAGTCTTGCAACCTGGAACCATGC
CCAGAATTCTATTACTTCATCGGGGAGTACTCCGCTTGTTCGGTTGACTGTGGCGATGGTGTCCAGACGCGTGTGGTTGAGTGTCGACGTCTGGACAATGACGCCGTTGTGGACGATGCCTTG
TGTACAGAGTCCAAACCTGCTGAGTCTATGCCATGTAATCTGATGGAGTGCGACAACAATCTTATTGTTCTGTCCGAGACTTCCCAATCGAGGACTTTGGAGTTGGATGTAACTGGTACCATCCA
AAGCCCCAACTTCCCTGGTGCATACCCCAACAACCTGAATGCTGAGATTATTCTGACTATCCCTGCTAACACGTTGCTGAGGGTCACCATTGATGTCTTGGATCTGGCCTTCGAAACCCCTTGTG
TCAATGGGGACTTCCTTAGGCTTTCATCCAGTCCCACCACTGTCCTTCAGTTTTGTCAGAGCATGCAGCTTCCTGTTGATTGGTTTAGTGGTGCTGGTGATACAGAAATCACTATCGCCATGACG
ACCAATGCGGCTAATACAGGAACGGGATTTATGGGAAGATGGTCTGTCATCATTCCACCAAAT

>EBR1|Cryptasterina_hystera_4_allele1|TRINITY_DN19645_c10_g5_il
ATGTACCATGACGGCGGATTAAGTGACTGCGCCAACAAGAAAAGCATTATGGCATCTGTCAACTCTGGAGGACCTGATGCTTTCCACTGGTCTAAATGCAGCAACAATGATCTCCTCAACTTCCT
AGATCGTGCAGAGTCTAAATGTCTGAAGAATAAGCCCAAATCTCTACCGGACTACACTCCTTCCTCCGTTCCGATGCCTGGTTTTTATTTCAATGCTACTGAGCAGTGTGCCATGACGTTTAATG
CGAAGAGCATTGTGGCTTCGGAGGTTTTGAACAAAAAGGAAATCTGCACAGCTCTGGTTTGCAAGAATGAAATGGGAGTGCTAGAATCTAGCAATGTTCCTCCCCTAGATGGAACCCGATGCGG
CACCAGGCGAGATATTTGCATCCATGGAGAATGTCTGAAGGTCTACAGCACTATGGATTGTGATGGTGGTCCATGCGTACCATTCTGGCTTCCAGGTAGTTTCACTTGTCAGAATTCTACCTCGT
GCGAGGCAACACGTTTAGTTCTGTGTGTTGAGGAACACGATGATGGAACGACTCGACGAGTTACAGAGCTTGAGCGTTGCCCAGCCGACATGCCGTCGCCCATGGGCATTTGCCCAGATGATC
CATGCAGGTTTGATTACGTAGCTGGAGACTTTGGTGACTGCTCAGTATCATGCGGAAATGGCATCCAATTCAGGGAAGTGACGTGCCAAGATCGCTCTCAAGAAACTGTGACTGTCCTTGACGA
TGCATTTTGTGCTCAGAGAAATAAGCCAACTACTGCACAAGTCTGTAATCTACCTGCCTGTCCAGTCACTACGTACAGCTATGCTGTAGGGCAATTCCAAGAGTGCTCAGTGACGTGCGGGGCC
GGAGTTCAGATCCGATCTGTGACTTGCCAGAACAACGCAGGTGAAACTGTTGCTGAAACATTCTGTACACAACTTGGTATTTCCAGACCTGCAACCACCCAGAACTGTGACACTCAAATCAGCT
GTGGTCTTCGCTATGTTGCTGGTCCTTACGACACGTGCTCGGTAACCTGTGGTGTGGGTGTCCGTACTCGCATGATCTACTGCGTTAATGGTGACAATCTGGTCGTAGCTCTCACACGATGCGA
GGAAGCGCAACTTGTACAACCGTCTCTTACTACAAGTTGTGAATTGGAAGCCTGCCCTGAACCCGTCTACACTGCACTTCGAGGCGAGTGGTCACAGTGTTCACTTACGTGCGGAGTGGGCAC
TGAGACCAGATTTGTGCAGTGTCGCAGTAACAATGTGGATGTAGACCTTCAATTCTGTATCAATGCTGGATTGACTGACTTGGATACATTGAGGGTGTGCACGCGGCCAACTTGCCAACCAGAG
TATCGGTTTGAACCTGGTGTTTACGGTGAGTGTTCAGTGACGTGTGGTGTAGGAGAACGTACCCGTGATGTCCAGTGCTTGAATCAGGATAACGTGGCAGTAGACATCAGCAACTGTCTGCTAA
TGGGTTTAACTCCGCCACCAAACACCATCGAGTGTGCTCTGGATGCCTGCCCAACATACATCTATCAAGTTGGTGAATTTGGTCCTTGCTCGGAGGACTGTGGTGATGGTCTACAGCTTCGTGC
AGTCACCTGCATTAATAACGACACCCAGGCAGTTGTAGCTGACAGTAACTGTCCTGGGGAAAAACCTGCCGAGACCCAGCCTTGTAACTTGATGCCTTGTGACACTATGCTTCAGTTTGTAACC
AGTCCCTTTGGTGCCTGTAACTGCAGTGGTCTGCAGACTCGTTTTGTTATCTGCATCCGCCGTGTGGGGACAACGTTAGATCAAGTCTCCACACAAAGTTGCTTAGTTGCGGGACTCCAGCCCC
CACCAACCACCCAGGCTTGTACTGCTCCATCAGACTGTGTCCAGCCTGATCCTGTATGGCAGACTACTGAATGGAGTCCGTGTCCAGTAACTTGTGGCATTGGTACCCAGACTCGTCTGGTTTA
CTGCATTGCACAGCCAGGATCAACAGTAACCGTTGACGACTCAATGTGTGTTCCAGGGGACAGACCACCAGATACGCAGGAATGTGACACGGAAGTAGTCTGCCCAACTGAGTACCTGTGGTT
GACCTACGGCTGGGGAGGATGTAGCGTGACATGCGGCGAAGGCTTTGAGACACGTGAAGTCTTCTGTTTTAGTCTTGGAGATAACATCCAACAGGTTGAGGACTCGTTCTGTAATGCTGGTGA
GAAACCCAGCACTGTACGACCCTGTAGTCTACCTCCTTGCACAGCATCATGGACCACATCGGACTGGACCGAGTGTTCGGTGACTTGCGGTCCCGGCACAGAAACCCGTACCATATCCTGTCG
GCAAACTAAGGACCCTAGCAGTAACATTGTTGATGAATCGGAATGCGTTACCGAAGACCGTCCCTCTGAAGCTCGTCCTTGTTATCTATCGCCATGCCCACCTCCTTATGGCTGCGAGACCTCC
TATATGCTTGAAGGCACTGTACAGTATACAGAGAGCTCACCAGGGTTCACTAATGGACAGAATTACCCTAATGATTTAGATTGTTCCAAGGATTTCATTACTCAGAATAACCTCCAAGAAACTAGA
GTGAGACGTCAGATTAATGCAGATGGTCCGCAGCACTACATTCAGCTGACCTTCACGGCGTTTGACGTAGAACCATCTACCGACTGCACATTGGATTTTCTGGAGATTTCCGACAGCTTGTACA
ACACCTCAGAACGGCTATGTGGTAACTCTTATGAGCTGCCTTACGTCTGGCAGTCCCAGGGTCCACACATCAATCTGTACTTCCACACTGATGCCACCGTCACACGACCAGGCTACTCTTTCAT
CTATAATGCTGTGGAGATACAGCAACCAGCACGATATGAAGTCACAGAATGGTCCGAGTGCTCGGTGACATGTGGAAATGGTGTGGAGACACGGGATGTCTTGTGTATCCGTGGCAACGAGAC
TGTTGATGAGAGCGAGTGCAGCGGCTTGCAGAAACCAGTCAGCGTTCAACCGTGTGAGGAAGATGAATGTTTTGAACCAACAGTTTGCAGCGGAGATCTCCTTCGCACGGAGAACAACGCCGT
CATCTTATCGCCCGATTTCCCTGCCTCCTACCCAAACAATGTCTCTTGTTCCAATATCATCCGTGCTCCGGAAGGATTGATTGTAGAGGTCTTTGTAACTTTCTTCACCCTCCGTCCTGAAGAATG
CCGCGATAAGGTTTTGATGAAAGATGTGAATATTGACGGAGATCCTCTAGAGTTGTGTGGTAACCAAGCACCAGGGATTGTCTTTACATCCATTACCAACGAGGTGATAGTGCAGTTTCTGTCGG
CTGAGACGGGACCCATCGCACCTGCTGGATTTGGCTTCAGTCTCAGAGCTGACTTCGTAAACCAGCCAGAGGTTTCTTGTGGTGACCAGATTACAGAATCAGGCCGAGCTGTGTACTCGCCCA
ACTACCCTGATGATTACAACTTGAATGAGAATTGCTTGACTTCTATCAGAAATGCAGACGGATGTATTAAGCTACAGTTCTTGGATGTTGATTTGCCTCCTAGAAACGGACAATGCTCGGATTTCG
TTCAGTTGATTGATTTGAATGAGATTGTGGTCAACACTGGCCCTGTGTGCGGACGGGAAATCCCCGCCGTTTTCTACTCCTTTACTGATCTGATGACGGTGCGATTTTATTCGGATGAGAACGGT
CCAACAAACGGTGGTTTTAACGCTGTAGTCACCTTTGTAGATTGCTTCCCCGGTGTGTGGATCACGGGCCTATTTGGAGAGTGCTCTGCTACCTGTGGTGAGTCGTCTCGCACCCGAACCGTTG
AATGCCGCAATCCTCGCTTGGACATTGCAGTGAATCCAGCTGAATGCCCACCGGAGAAACCTGACGAGCAAATCCCCTGTGATGTCCCTGAATGCCCAAGTTGTCATGTTGACGTGAATGAGC
CTGGTGAGATAGGGTCTCCTAACTCTCCAGGAAACTATGGTAATAACCAACGATGTGAGACCAACATTGTCAATCCCAATGGCTGTATTGCTATCACCTTCTTGGCGTTTGACCTACAGCCAGGC
TTCACCCCTGGGGAGTGTGACACAGACTTTCTGGAGATCATTGATGTTGCCAGAGATGAACCCATCAAGTTATGTGGCTCGGGACTTCCGGAAACCTACCAGTCATTAGGCAGTAACATTCAGC
TTGTCTTCCAAACCGATGAATCAATTGTATCGACTGGCTACTATGCTTACGTCTCATTCATTCCGTGTCCTGTCAATGCCTACATTGTTGGCAACTGGAGTCAGTGCTCGGTAACCTGTGGTGCT
GGTATCAGAACTCGAGACGTGCAGTGCATGGATCTCATTAACAACATCCCTGTGGAGGATTCTCTCTGCGAAGGCGCAGAAAAACCTGCATCTGAAGAACCTTGTGTTGCTGAAGAGGAATGCC
CATCTTGTGACGTGACTATCACTGAAAGTCTGATGTTTGTCACCAGTCCCGGCTTTCCTGATGAACCCTACGCTCCCAATCTAGAATGTCTTTACACTTTCTACTCGCCCAATCCAGAGCAGTGT
GTCCGTCTGACGATCATAGAGGCCTATCTAAATGGACCTGATAAGAACAATGTCTGCAGTCGTGATTATTTGGAGATCACCAGCCAATCAGGACAGCCTCCATTGCATTTCTGCCCGGAATCGG
CCCGTTCCATTCCCTGGTATTCCCGCGACAATACCGCTTTTGTCCGGTTCATTTCCGATAGTGAGGGCGCTAGTACAGGCTTCAACATCTACGCGGTCTTTGGCTCGTGTCCAGAGTACGACTT
TGAGGTGGGAGAGTTTAGTGAGTGCGATGCTCGTTGCGGAGGTGGCTTCAGGACAAGAACTGTGAGCTGTATCAGCCTAGCAGACGGCACGACAGTACCTGACGAGCTGTGCCGTAATCGAC
GCCCTTTGGATAAAGTTGCTTGCAACACGGAACCATGCCCAGTTTGCGACGAAGCTTTCTTCCCAGGAGACTCTCTGATCATGAGTCCTGGCTTCTCTGGTGCTCCAGGCCAAGGCTACGAGAC
GGTGTTGGACTGCACCTATAACATCACTAACCCAGATGGATGTCTGTTCCTGACCTTTCTCAGTTTTGAGCTTCAAGAATGCGCTGGTTGCTCATGCGACTCTCTCAGTATCATTGAAAACGGTG
AACTAGCTCTTCCACCTCTCTGCGGCGTTCAGAACGATCGTACATGGGCTTCCATTTCTGGCCAGGTCATGTTGAAATTTGTTACTGATAATGCCGTCTCTGCACCTGGGTTTAACATCTACGTT
GCTTACATTGACTGCCCTGATGTGTACTACTACACTGGAGAGTATTCAGAGTGTGACGTGTCCTGTGGTGGAGGAACTCAGTCCCGTGAGGTGCAGTGTAGGAGTCGAACCACTGGCCAACAA
GTTGCAGAGTCCATGTGTGTTGGAATCAAACCTCCATCGACACGCATGTGTGGATTAGAACAATGTCCATTTTGTGATGAGTTGATCACCACTCCAAGTTTTATCTCCAGTCCTGAGTATCCAGC
CAACTATCCCATCAGCATCAACTGCAACTATGCCATCCAAGCACCACCTAATCTGTGTGTTAGCATCAATTTCTTGGTCTTTGAACTTCAAGACGCTGAAGGTGATATGCCAAGAATCTGTCAAGA
TTACGTCCAGATTCGAGATCCAAGTGCCGCAAGTCTTGACCGTCGTTACTGTGGAGTCGCAGCTCCTAATGCCATTCAGTGGAGATCCCGCTCCGGTTTGGTCAGCGTAGACTTCTCATCTGAT
GAGGAAGAGACTTTCCGAGGCTTCCGTGCTTATGTCAACTTTGTGGACTGCCCTCAATATGGATATGTTGTCACTGAATTTAGCATGTGTTCTCGGCCATGCGATGGTGGCATACAGACACGTG
AGGTGACATGTCAAAATCTTGCAACTCAAGAGCCAGCTGACGAGACACGATGCGAGGATGAAAAACCACCGGAGAGTATTCCATGTAACCTGCAACCCTGCCCAGAGTGTGACGAGGATATCA
CTGAGAATCGTCAGAGTGTCTACAGTTTGAATTTCCCACAGCCTTACTTTGAGTATTCTTGTAACTACATCTTCACTAACCCTGGCGGCTGTGTCGAGCTTCTCTTTGTGCAGTTTGAGATGCCGG
AACCAAATGAAATGGGTATCTGTAATAAGGATTACCTCTTGGTTGAGGATATGAGTGACCGGCCCTTTTCGTATCGCATCTGCGGTCGCAGCATCCCCAACAGCGTCTTGTCACGTGGTCCAAG
ACTAAACGTGACTCTGATCACGGATGGTAACCCAAGCACGTTTGGCGAAGGGTACCAGCTTTACAATCTCTTCACGAACAATTGTCCTGAGGTTGGCTACATCGCAGGAGAGTTTGGAGAGTGT
GACCGGCAGTGTGGATTTGGCACACGGACACGTCAAGTCAACTGTGTGGATCTTCAGTCTGGAATTACTGTGGATGACACTCTGTGTACTGATATTAAACCACACGACATGGAATTCTGTAACA
CCCAGCCTTGCCCATCTTGTGACCAGGTTATAGACTCCTTCCCCGCTGCCTTGGAGAAACCTGATAATTTGGACCCTCAGCGTACATGTCGGTATGAAATCGACAGTGAGCGTTGCATCCGAGC
AACGTTCCTTACATTCGACCTCCCAGGAGAAAATGGCATGTGTGGAGATACGTTCATCCAGTTGCAAGACAATGGAGCTGAGTTTTTGACGGAGCGAGTCTGTGGTGATGGACCTGTACCATCC
TCCATTGCATCTCTCTATGCATGGCAATCCAGAACGTCCGATGTGGTCTTGACACTGAACAGTGGCGCTGGACTAACGGATGACGATCGCTTTCGAATCTTCCTGACAGAGACAGACTGTGCAG
AGTTTGGCTTTGTTGCCAGTGAATACGGCGAGTGTAGCAGAACATGTGGCAGTGGTGGAGTCCAGACTCGTACTGTTGAGTGCCAACGTTTAGCTGATAATTCACCAGTTGATGAAGCTATGTG
TACAGATCCTAAACCGATGGCACTCCGGCCATGTGGACCTCAGCCACCATGCCCATCCTGTGATATGCTTGTTACTGATCCTGAGACGTTAATTCAAGGGCCACCACGCAATGGTAACTGGACC
ACTAACGTCCGTTGTCAAATCACGGTGGAATTTGAGACTGCATGCGTTGTCATCTCGGGTTTACAAGTGATGCTGTCCAAACCAGATGTAAACAATACCTGTGTCAACAGCTCATTGACGTTCAC
TGATGCAACATATCCAGACTACAGTCAAACTGTCTGTGGCTCATCGAGTGGTGGTGTATATCGAGCTCTAACAACTCGTTATCTTGTGGACTTCTACTCGGCTGACTATGAAAACTCTGGAGATT
CCTTTAGTCTGTTCGCCCAGGCTGCAGCATGCCCAATGATCGAGTACCAAACTGGTGAATATGCACAGTGCTCAGTCAGTTGCGGTGGTGGAGTTCGAACCCGAGACGTCATTTGTGTGAGAG
CAGATACAATGGAGGAGGTCCCCGAGGATGCTTGCGTAGGCCCTCGCCCAGCGGCTATCGAAGGATGTAACCTGGATGAATGCCCTCAAGAATGTGATAATGTTATCACAGTCAACACACCAG
TGGAGCCTTTGATGTCACCTGGTCGTCCAACATACGTCACCGATGCTGACTGTACCAATAACATTGTCAACTTGAGTGGTTGCATTGTCTTGTCATTCATATCTATGGATATCGAGGAAGGAACT
ATGCCTGGTGTTTGTGATAAGGATTATTTAGAGATCATCGACACCACGTTTGACGAGTTGAATGTGCGGCTGTGTGGCAGCACCCTTCCTGCCACTTGGCGCTCGAAGTCCGGTGTCATCAGGA
CTCGTTTTGTCTCGGACAGCGTGGATACCCAACAAGCTGGCTACACTATCATCTACACGTTGACTCCAGATTGCCCCACAGGATCCTATGTCCTGAGTGGCTTTACTGAGTGTTCTGCAAGCTGT
GGTGAAGCCACACGAACCGCCTCCAGCCTCAACTGTGTGCTTCCAGACTCGAGTGTCGTCAGCAACAGCAACTGTCCAGGCCAACCACCGTCACTTGTCCAGTCTTGCAACCTGGAACCATGC
CCAGAATTCTATTACTTCATCGGGGAGTACTCCGCTTGTTCGGTTGACTGTGGCGATGGTGTCCAGACGCGTGTGGTTGAGTGTCGACGTCTGGACAATGACGCCGTTGTGGACGATGCCTTG
TGTACAGAGTCCAAACCTGCTGAGTCTATGCCATGTAATCTGATGGAGTGCGACAACAATCTTATTGTTCTGTCCGAGACTTCCCAATCGAGGACTTTGGAGTTGGATGTAACTGGTACCATCCA
AAGCCCCAACTTCCCTGGTGCATACCCCAACAACCTGAATGCTGAGATTATTCTGACTATCCCTGCTAACACGTTGCTGAGGGTCACCATTGATGTCTTGGATCTGGCCTTCGAAACCCCTTGTG
TCAATGGGGACTTCCTTAGGCTTTCATCCAGTCCCACCACTGTCCTTCAGTTTTGTCAGAGCATGCAGCTTCCTGTTGATTGGTTTAGTGGTGCTGGTGATACAGAAATCACTATCGCCATGACG
ACCAATGCGGCTAATACAGGAACGGGATTTATGGGAAGATGGTCTGTCATCATTCCACCAAAT

>EBR1|Cryptasterina_hystera_4_allele2| TRINITY_DN19645_c10_g5_il
ATGTACCATGACGGCGGATTAAGTGACTGCGCCAACAAGAAAAGCATTATGGCATCTGTCAACTCTGGAGGACCTGATGCTTTCCACTGGTCTAAATGCAGCAACAATGATCTCCTCAACTTCCT
AGATCGTGCAGAGTCTAAATGTCTGAAGAATAAGCCCAAATCTCTACCGGACTACACTCCTTCCTCCGTTCCGATGCCTGGTTTTTATTTCAATGCTACTGAGCAGTGTGCCATGACGTTTAATG
CGAAGAGCATTGTGGCTTCGGAGGTTTTGAACAAAAAGGAAATCTGCACAGCTCTGGTTTGCAAGAATGAAATGGGAGTGCTAGAATCTAGCAATGTTCCTCCCCTAGATGGAACCCGATGCGG
CACCAGGCGAGATATTTGCATCCATGGAGAATGTCTGAAGGTCTACAGCACTATGGATTGTGATGGTGGTCCATGCGTACCATTCTGGCTTCCAGGTAGTTTCACTTGTCAGAATTCTACCTCGT
GCGAGGCAACACGTTTAGTTCTGTGTGTTGAGGAACACGATGATGGAACGACTCGACGAGTTACAGAGCTTGAGCGTTGCCCAGCCGACATGCCGTCGCCCATGGGCATTTGCCCAGATGATC
CATGCAGGTTTGATTACGTAGCTGGAGACTTTGGTGACTGCTCAGTATCATGCGGAAATGGCATCCAATTCAGGGAAGTGACGTGCCAAGATCGCTCTCAAGAAACTGTGACTGTCCTTGACGA
TGCATTTTGTGCTCAGAGAAATAAGCCAACTACTGCACAAGTCTGTAATCTACCTGCCTGTCCAGTCACTACGTACAGCTATGCTGTAGGGCAATTCCAAGAGTGCTCAGTGACGTGCGGGGCC
GGAGTTCAGATCCGATCTGTGACTTGCCAGAACAACGCAGGTGAAACTGTTGCTGAAACATTCTGTACACAACTTGGTATTTCCAGACCTGCAACCACCCAGAACTGTGACACTCAAATCAGCT
GTGGTCTTCGCTATGTTGCTGGTCCTTACGACACGTGCTCGGTAACCTGTGGTGTGGGTGTCCGTACTCGCATGATCTACTGCGTTAATGGTGACAATCTGGTCGTAGCTCTCACACGATGCGA
GGAAGCGCAACTTGTACAACCGTCTCTTACTACAAGTTGTGAATTGGAAGCCTGCCCTGAACCCGTCTACACTGCACTTCGAGGCGAGTGGTCACAGTGTTCACTTACGTGCGGAGTGGGCAC
TGAGACCAGATTTGTGCAGTGTCGCAGTAACAATGTGGATGTAGACCTTCAATTCTGTATCAATGCTGGATTGACTGACTTGGATACATTGAGGGTGTGCACGCGGCCAACTTGCCAACCAGAG
TATCGGTTTGAACCTGGTGTTTACGGTGAGTGTTCAGTGACGTGTGGTGTAGGAGAACGTACCCGTGATGTCCAGTGCTTGAATCAGGATAACGTGGCAGTAGACATCAGCAACTGTCTGCTAA
TGGGTTTAACTCCGCCACCAAACACCATCGAGTGTGCTCTGGATGCCTGCCCAACATACATCTATCAAGTTGGTGAATTTGGTCCTTGCTCGGAGGACTGTGGTGATGGTCTACAGCTTCGTGC
AGTCACCTGCATTAATAACGACACCCAGGCAGTTGTAGCTGACAGTAACTGTCCTGGGGAAAAACCTGCCGAGACCCAGCCTTGTAACTTGATGCCTTGTGACACTATGCTTCAGTTTGTAACC
AGTCCCTTTGGTGCCTGTAACTGCAGTGGTCTGCAGACTCGTTTTGTTATCTGCATCCGCCGTGTGGGGACAACGTTAGATCAAGTCTCCACACAAAGTTGCTTAGTTGCGGGACTCCAGCCCC
CACCAACCACCCAGGCTTGTACTGCTCCATCAGACTGTGTCCAGCCTGATCCTGTATGGCAGACTACTGAATGGAGTCCGTGTCCAGTAACTTGTGGCATTGGTACCCAGACTCGTCTGGTTTA
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CTGCATTGCACAGCCAGGATCAACAGTAACCGTTGACGACTCAATGTGTGTTCCAGGGGACAGACCACCAGATACGCAGGAATGTGACACGGAAGTAGTCTGCCCAACTGAGTACCTGTGGTT
GACCTACGGCTGGGGAGGATGTAGCGTGACATGCGGCGAAGGCTTTGAGACACGTGAAGTCTTCTGTTTTAGTCTTGGAGATAACATCCAACAGGTTGAGGACTCGTTCTGTAATGCTGGTGA
GAAACCCAGCACTGTACGACCCTGTAGTCTACCTCCTTGCACAGCATCATGGACCACATCGGACTGGACCGAGTGTTCGGTGACTTGCGGTCCCGGCACAGAAACCCGTACCATATCCTGTCG
GCAAACTAAGGACCCTAGCAGTAACATTGTTGATGAATCGGAATGCGTTACCGAAGACCGTCCCTCTGAAGCTCGTCCTTGTTATCTATCGCCATGCCCACCTCCTTATGGCTGCGAGACCTCC
TATATGCTTGAAGGCACTGTACAGTATACAGAGAGCTCACCAGGGTTCACTAATGGACAGAATTACCCTAATGATTTAGATTGTTCCAAGGATTTCATTACTCAGAATAACCTCCAAGAAACTAGA
GTGAGACGTCAGATTAATGCAGATGGTCCGCAGCACTACATTCAGCTGACCTTCACGGCGTTTGACGTAGAACCATCTACCGACTGCACATTGGATTTTCTGGAGATTTCCGACAGCTTGTACA
ACACCTCAGAACGGCTATGTGGTAACTCTTATGAGCTGCCTTACGTCTGGCAGTCCCAGGGTCCACACATCAATCTGTACTTCCACACTGATGCCACCGTCACACGACCAGGCTACTCTTTCAT
CTATAATGCTGTGGAGATACAGCAACCAGCACGATATGAAGTCACAGAATGGTCCGAGTGCTCGGTGACATGTGGAAATGGTGTGGAGACACGGGATGTCTTGTGTATCCGTGGCAACGAGAC
TGTTGATGAGAGCGAGTGCAGCGGCTTGCAGAAACCAGTCAGCGTTCAACCGTGTGAGGAAGATGAATGTTTTGAACCAACAGTTTGCAGCGGAGATCTCCTTCGCACGGAGAACAACGCCGT
CATCTTATCGCCCGATTTCCCTGCCTCCTACCCAAACAATGTCTCTTGTTCCAATATCATCCGTGCTCCGGAAGGATTGATTGTAGAGGTCTTTGTAACTTTCTTCACCCTCCGTCCTGAAGAATG
CCGCGATAAGGTTTTGATGAAAGATGTGAATATTGACGGAGATCCTCTAGAGTTGTGTGGTAACCAAGCACCAGGGATTGTCTTTACATCCATTACCAACGAGGTGATAGTGCAGTTTCTGTCGG
CTGAGACGGGACCCATCGCACCTGCTGGATTTGGCTTCAGTCTCAGAGCTGACTTCGTAAACCAGCCAGAGGTTTCTTGTGGTGACCAGATTACAGAATCAGGCCGAGCTGTGTACTCGCCCA
ACTACCCTGATGATTACAACTTGAATGAGAATTGCTTGACTTCTATCAGAAATGCAGACGGATGTATTAAGCTACAGTTCTTGGATGTTGATTTGCCTCCTAGAAACGGACAATGCTCGGATTTCG
TTCAGTTGATTGATTTGAATGAGATTGTGGTCAACACTGGCCCTGTGTGCGGACGGGAAATCCCCGCCGTTTTCTACTCCTTTACTGATCTGATGACGGTGCGATTTTATTCGGATGAGAACGGT
CCAACAAACGGTGGTTTTAACGCTGTAGTCACCTTTGTAGATTGCTTCCCCGGTGTGTGGATCACGGGCCTATTTGGAGAGTGCTCTGCTACCTGTGGTGAGTCGTCTCGCACCCGAACCGTTG
AATGCCGCAATCCTCGCTTGGACATTGCAGTGAATCCAGCTGAATGCCCACCGGAGAAACCTGACGAGCAAATCCCCTGTGATGTCCCTGAATGCCCAAGTTGTCATGTTGACGTGAATGAGC
CTGGTGAGATAGGGTCTCCTAACTCTCCAGGAAACTATGGTAATAACCAACGATGTGAGACCAACATTGTCAATCCCAATGGCTGTATTGCTATCACCTTCTTGGCGTTTGACCTACAGCCAGGC
TTCACCCCTGGGGAGTGTGACACAGACTTTCTGGAGATCATTGATGTTGCCAGAGATGAACCCATCAAGTTATGTGGCTCGGGACTTCCGGAAACCTACCAGTCATTAGGCAGTAACATTCAGC
TTGTCTTCCAAACCGATGAATCAATTGTATCGACTGGCTACTATGCTTACGTCTCATTCATTCCGTGTCCTGTCAATGCCTACATTGTTGGCAACTGGAGTCAGTGCTCGGTAACCTGTGGTGCT
GGTATCAGAACTCGAGACGTGCAGTGCATGGATCTCATTAACAACATCCCTGTGGAGGATTCTCTCTGCGAAGGCGCAGAAAAACCTGCATCTGAAGAACCTTGTGTTGCTGAAGAGGAATGCC
CATCTTGTGACGTGACTATCACTGAAAGTCTGATGTTTGTCACCAGTCCCGGCTTTCCTGATGAACCCTACGCTCCCAATCTAGAATGTCTTTACACTTTCTACTCGCCCAATCCAGAGCAGTGT
GTCCGTCTGACGATCATAGAGGCCTATCTAAATGGACCTGATAAGAACAATGTCTGCAGTCGTGATTATTTGGAGATCACCAGCCAATCAGGACAGCCTCCATTGCATTTCTGCCCGGAATCGG
CCCGTTCCATTCCCTGGTATTCCCGCGACAATACCGCTTTTGTCCGGTTCATTTCCGATAGTGAGGGCGCTAGTACAGGCTTCAACATCTACGCGGTCTTTGGCTCGTGTCCAGAGTACGACTT
TGAGGTGGGAGAGTTTAGTGAGTGCGATGCTCGTTGCGGAGGTGGCTTCAGGACAAGAACTGTGAGCTGTATCAGCCTAGCAGACGGCACGACAGTACCTGACGAGCTGTGCCGTAATCGAC
GCCCTTTGGATAAAGTTGCTTGCAACACGGAACCATGCCCAGTTTGCGACGAAGCTTTCTTCCCAGGAGACTCTCTGATCATGAGTCCTGGCTTCTCTGGTGCTCCAGGCCAAGGCTACGAGAC
GGTGTTGGACTGCACCTATAACATCACTAACCCAGATGGATGTCTGTTCCTGACCTTTCTCAGTTTTGAGCTTCAAGAATGCGCTGGTTGCTCATGCGACTCTCTCAGTATCATTGAAAACGGTG
AACTAGCTCTTCCACCTCTCTGCGGCGTTCAGAACGATCGTACATGGGCTTCCATTTCTGGCCAGGTCATGTTGAAATTTGTTACTGATAATGCCGTCTCTGCACCTGGGTTTAACATCTACGTT
GCTTACATTGACTGCCCTGATGTGTACTACTACACTGGAGAGTATTCAGAGTGTGACGTGTCCTGTGGTGGAGGAACTCAGTCCCGTGAGGTGCAGTGTAGGAGTCGAACCACTGGCCAACAA
GTTGCAGAGTCCATGTGTGTTGGAATCAAACCTCCATCGACACGCATGTGTGGATTAGAACAATGTCCATTTTGTGATGAGTTGATCACCACTCCAAGTTTTATCTCCAGTCCTGAGTATCCAGC
CAACTATCCCATCAGCATCAACTGCAACTATGCCATCCAAGCACCACCTAATCTGTGTGTTAGCATCAATTTCTTGGTCTTTGAACTTCAAGACGCTGAAGGTGATATGCCAAGAATCTGTCAAGA
TTACGTCCAGATTCGAGATCCAAGTGCCGCAAGTCTTGACCGTCGTTACTGTGGAGTCGCAGCTCCTAATGCCATTCAGTGGAGATCCCGCTCCGGTTTGGTCAGCGTAGACTTCTCATCTGAT
GAGGAAGAGACTTTCCGAGGCTTCCGTGCTTATGTCAACTTTGTGGACTGCCCTCAATATGGATATGTTGTCACTGAATTTAGCATGTGTTCTCGGCCATGCGATGGTGGCATACAGACACGTG
AGGTGACATGTCAAAATCTTGCAACTCAAGAGCCAGCTGACGAGACACGATGCGAGGATGAAAAACCACCGGAGAGTATTCCATGTAACCTGCAACCCTGCCCAGAGTGTGACGAGGATATCA
CTGAGAATCGTCAGAGTGTCTACAGTTTGAATTTCCCACAGCCTTACTTTGAGTATTCTTGTAACTACATCTTCACTAACCCTGGCGGCTGTGTCGAGCTTCTCTTTGTGCAGTTTGAGATGCCGG
AACCAAATGAAATGGGTATCTGTAATAAGGATTACCTCTTGGTTGAGGATATGAGTGACCGGCCCTTTTCGTATCGCATCTGCGGTCGCAGCATCCCCAACAGCGTCTTGTCACGTGGTCCAAG
ACTAAACGTGACTCTGATCACGGATGGTAACCCAAGCACGTTTGGCGAAGGGTACCAGCTTTACAATCTCTTCACGAACAATTGTCCTGAGGTTGGCTACATCGCAGGAGAGTTTGGAGAGTGT
GACCGGCAGTGTGGATTTGGCACACGGACACGTCAAGTCAACTGTGTGGATCTTCAGTCTGGAATTACTGTGGATGACACTCTGTGTACTGATATTAAACCACACGACATGGAATTCTGTAACA
CCCAGCCTTGCCCATCTTGTGACCAGGTTATAGACTCCTTCCCCGCTGCCTTGGAGAAACCTGATAATTTGGACCCTCAGCGTACATGTCGGTATGAAATCGACAGTGAGCGTTGCATCCGAGC
AACGTTCCTTACATTCGACCTCCCAGGAGAAAATGGCATGTGTGGAGATACGTTCATCCAGTTGCAAGACAATGGAGCTGAGTTTTTGACGGAGCGAGTCTGTGGTGATGGACCTGTACCATCC
TCCATTGCATCTCTCTATGCATGGCAATCCAGAACGTCCGATGTGGTCTTGACACTGAACAGTGGCGCTGGACTAACGGATGACGATCGCTTTCGAATCTTCCTGACAGAGACAGACTGTGCAG
AGTTTGGCTTTGTTGCCAGTGAATACGGCGAGTGTAGCAGAACATGTGGCAGTGGTGGAGTCCAGACTCGTACTGTTGAGTGCCAACGTTTAGCTGATAATTCACCAGTTGATGAAGCTATGTG
TACAGATCCTAAACCGATGGCACTCCGGCCATGTGGACCTCAGCCACCATGCCCATCCTGTGATATGCTTGTTACTGATCCTGAGACGTTAATTCAAGGGCCACCACGCAATGGTAACTGGACC
ACTAACGTCCGTTGTCAAATCACGGTGGAATTTGAGACTGCATGCGTTGTCATCTCGGGTTTACAAGTGATGCTGTCCAAACCAGATGTAAACAATACCTGTGTCAACAGCTCATTGACGTTCAC
TGATGCAACATATCCAGACTACAGTCAAACTGTCTGTGGCTCATCGAGTGGTGGTGTATATCGAGCTCTAACAACTCGTTATCTTGTGGACTTCTACTCGGCTGACTATGAAAACTCTGGAGATT
CCTTTAGTCTGTTCGCCCAGGCTGCAGCATGCCCAATGATCGAGTACCAAACTGGTGAATATGCACAGTGCTCAGTCAGTTGCGGTGGTGGAGTTCGAACCCGAGACGTCATTTGTGTGAGAG
CAGATACAATGGAGGAGGTCCCCGAGGATGCTTGCGTAGGCCCTCGCCCAGCGGCTATCGAAGGATGTAACCTGGATGAATGCCCTCAAGAATGTGATAATGTTATCACAGTCAACACACCAG
TGGAGCCTTTGATGTCACCTGGTCGTCCAACATACGTCACCGATGCTGACTGTACCAATAACATTGTCAACTTGAGTGGTTGCATTGTCTTGTCATTCATATCTATGGATATCGAGGAAGGAACT
ATGCCTGGTGTTTGTGATAAGGATTATTTAGAGATCATCGACACCACGTTTGACGAGTTGAATGTGCGGCTGTGTGGCAGCACCCTTCCTGCCACTTGGCGCTCGAAGTCCGGTGTCATCAGGA
CTCGTTTTGTCTCGGACAGCGTGGATACCCAACAAGCTGGCTACACTATCATCTACACGTTGACTCCAGATTGCCCCACAGGATCCTATGTCCTGAGTGGCTTTACTGAGTGTTCTGCAAGCTGT
GGTGAAGCCACACGAACCGCCTCCAGCCTCAACTGTGTGCTTCCAGACTCGAGTGTCGTCAGCAACAGCAACTGTCCAGGCCAACCACCGTCACTTGTCCAGTCTTGCAACCTGGAACCATGC
CCAGAATTCTATTACTTCATCGGGGAGTACTCCGCTTGTTCGGTTGACTGTGGCGATGGTGTCCAGACGCGTGTGGTTGAGTGTCGACGTCTGGACAATGACGCCGTTGTGGACGATGCCTTG
TGTACAGAGTCCAAACCTGCTGAGTCTATGCCATGTAATCTGATGGAGTGCGACAACAATCTTATTGTTCTGTCCGAGACTTCCCAATCGAGGACTTTGGAGTTGGATGTAACTGGTACCATCCA
AAGCCCCAACTTCCCTGGTGCATACCCCAACAACCTGAATGCTGAGATTATTCTGACTATCCCTGCTAACACGTTGCTGAGGGTCACCATTGATGTCTTGGATCTGGCCTTCGAAACCCCTTGTG
TCAATGGGGACTTCCTTAGGCTTTCATCCAGTCCCACCACTGTCCTTCAGTTTTGTCAGAGCATGCAGCTTCCTGTTGATTGGTTTAGTGGTGCTGGTGATACAGAAATCACTATCGCCATGACG
ACCAATGCGGCTAATACAGGAACGGGATTTATGGGAAGATGGTCTGTCATCATTCCACCAAAT

>EBR1|Cryptasterina_pentagona_5_allele1|TRINITY_DN26708_c1_g2_i7
ATGTACCATGACGGCGGATTAAGTGACTGCGCCAACAAGAAAAACATCATGGCATCTGTCAACTCTGGGGGACCTGATGCTTTCCACTGGTCTGAATGCAGCAACAATGATCTACTAAACTTCCT
AGATCGTGCAGAGTCTAAATGCCTGAAGAATAAGCCCAAATCTCTACCGGACTACACTCCTTCCTCCGTTCCGATGCCTGGTTTTTATTTCAATGCTACTGAGCAGTGTGCCATGACGTTTAATG
CGAAGAGCATTGTGGCTTCGGAGGTTTTGAACAAAAAGGAAATCTGCACAGCTCTGGTCTGCAAGAATGAAATGGGAGTGCTAGAATCTAGCAATGTTCCTCCCCTAGATGGAACCCGTTGCGG
CACCAGGCGAGATATTTGCATCCATGGCAAATGTCTGAAGGTCTACAGCACTACGGATTGTGATGGTGGTCCATGCGTACCATTCTGGCTTCCAGGTAGTTTCACTTGTCAGAATTCTACCTCGT
GCGAGGCAACACGTTTAGTTCTGTGTGTTGAGGAACACGATGATGGAACGACTCGAAGAGTTACAGAGCTTGAACGTTGCCCAGCTGACATGCCATCACCCATGGGCGTTTGCCCAGATGATC
CATGCAGGTTTGATTACGTAGCTGGAGACTTTGGTGACTGCTCAGTATCGTGCGGAAATGGTATCCAATTCAGGGAAGTGACGTGCCAAGATCGCTCTCAAGAAACTGTGACTGTCCTTGACGA
TGCATTTTGTGCTCAGAGAAATAAGCCAACTACTGCACAAGTCTGTAATCTACCTGCCTGTCCAGTCACTACGTACAGCTATGCTGTAGGGCAATTCCAAGAGTGCTCAGTGACGTGCGGGGCT
GGAGTTCAGATCCGATCTGTGACTTGCCAGAACAACGCAGGTGAAACCGTTGCTGAAACATTCTGTACACAACTTGGTATTTCCAGACCTGCAACCACCCAGAACTGTGACACTCAAATCGGCT
GTGGTCTTCGCTATGTTGCTGGTCCTTACGACACGTGCTCGGTAACCTGTGGTGTGGGTGTCCGTACTCGCATGATCTACTGCGTTAATGGTGACAATCTGGTCGTAGCGCTCACACGATGCGA
GGAAGCGCAACTTGTACAACCGTCTCTTACTACAAGTTGTGAATTGGAAGCCTGCCCTGAACCCGTCTACACTGCACTTCGAGGCGAGTGGTCACAGTGTTCACTTACGTGCGGAGTGGGCAC
TGAGACCAGATTTGTGCAGTGTCGCAGTAACAATGTGGATGTAGACCTTCAATTCTGTATCAATGCTGGATTGACTGACTTGGATACATTGAGGGTGTGCACGCGGCCAACTTGCCAACCAGAG
TATCGGTTTGAACCTGGTGCTTACGGTGAGTGTTCAGTGACGTGTGGTGTAGGAGAACGTACCCGTGATGTCCAGTGCTTGAATCAGGATAACGTGGCAGTAGACATCAGCAACTGTCTGCTAA
TGGGTTTAACTCCGCCACCAAGCACCATCGAGTGTGCTCTGGATGCCTGCCCAACATACATCTATCAAGTTGGTGAATTTGGTCCTTGCTCGGAGGACTGTGGTGATGGTCTACAGCTTCGTGC
AGTCACCTGCATTAATAACGACACCCAGGCAGTTGTAGCTGACAGTAACTGTCCTGGGGAAAAACCTGCCGAGACCCAGCCTTGTAACTTGATGCCTTGTGACACTATGCTTCAGTTTGTAACC
AGTCCCTTTGGTGCCTGTAACTGCAGTGGTCTGCAGACTCGTTTTGTTATCTGCATCCGCCGTGTGGGGACAACGTTAGATCAAGTCTCCACACAAAGTTGCTTAGTCGCGGGACTCCAGCCCC
CACCAACCACCCAGGCTTGTACTGCTCCATCAGACTGTGTCCAGCCTGATCCTGTATGGCAGACTACTGAATGGAGTCCGTGTCCAGTAACTTGTGGCATTGGTACCCAGACTCGTCTGGTTTA
CTGCATTGCACAGCCAGGATCAACAGTAACCGTTGACGACTCGATGTGTGTTCCAGGGGACAGACCACCAGATACGCAGGAATGTGACACGGAAGTAGTCTGCCCAACTGAGTACCTGTGGTT
GACCTACGGCTGGGGAGAATGTAGCGTGACATGCGGCGAAGGCTTTGAGACACGTGAAGTCTTCTGTTTTAGTCTTGGAGATAACATCCAACAGGTTGAGGACTCGTTCTGTAATGCTGGTGA
GAAACCCAGCACTGTACGACCCTGTAGTCTACCTCCTTGCACAGCATCATGGACCACATCGGACTGGACCGAGTGTTCGGTGACTTGCGGTCCCGGCACAGAAACCCGTACCATATCCTGTCG
GCAAACTAAGGACCCTAGCAGTAACATTGTTGATGAATCGGAATGCGTTACCGAAGACCGTCCCTCTGAAGCTCGTCCTTGTTATCTATCGCCATGCCCACCTCCTTATGGCTGCGAGACCTCC
TATATGCTTGAAGGCACTGTACAGTATACAGAGAGCTCACCAGGGTTCACTAATGGACAGAATTACCCTAATGATTTAGATTGTTCCAAGGATTTCATTACTCAGAATAACCTCCAAGAAACTAGA
GTGAGACGTCAGATTAATGCAGATGGTCCGCAGCACTACATTCAGCTGACCTTCACGGCGTTTGACGTAGAACCATCTACCGACTGCACATTGGATTTTCTGGAGATTTCCGACAGCTTGTACA
ACACCTCAGAACGGCTATGTGGTAACTCTTATGAGCTGCCTTACGTCTGGCAGTCCCAGGGTCCACACATCAATCTGTACTTCCACACTGATGCCACCGTCACACGACCAGGCTACTCTTTCAT
CTATAATGCTGTGGAGATACAGCAACCAGCACGATATGAAGTCACAGAATGGTCCGAGTGCTCGGTGACATGTGGAAATGGTGTGGAGACACGGGATGTCTTGTGTATCCGTGGCAACGAGAC
TGTTGATGAGAGCGAGTGCAGCGGCTTGCAGAAACCAGTCAGCGTTCAACCGTGTGAGGAAGATGAATGTATTGAACCAACAGTTTGCAGCGGAGATCTCCTTCGCACGGAGAACAACGCCGT
CATCTTATCGCCCGATTTCCCTGCCTCCTACCCAAACAATGTCTCTTGTTCCAATATCATCCGTGCTCCGGAAGGATTGATTGTAGAGGTCTTTGTAACTTTCTTCACCCTCCGTCCTGAAGAATG
CCGCGATAAGGTTTTGATGAAAGATGTGAATATTGACGGAGATCCTCTAGAGTTGTGTGGTAACCAAGCACCAGGGATTGTCTTTACATCCATTACCAACGAGGTGATAGTGCAGTTTCTGTCGG
CTGAGACGGGACCCATCGCACCTGCTGGATTTGGCTTCAGTCTCAGAGCTGACTTCGTAAACCAGCCAGAGGTTTCTTGTGGTGACCAGATTACAGAATCAGGCCGAGCTGTGTACTCGCCCA
ACTACCCTGATGATTACAACTTGAATGAGAATTGCTTGACTTCTATCAGAAATGCAGACGGATGTATTAAGCTACAGTTCTTGGATGTTGATTTGCCTCCTAGAAACGGACAATGCTCGGATTTCG
TTCAGTTGATTGATTTGAATGAGATTGTGGTCAACACTGGCCCTGTGTGCGGACGGGAAATCCCCGCCGTTTTCTACTCCTTTACTGATCTGATGACGGTGCGATTTTATTCGGATGAGAACGGT
CCAACAAACGGTGGTTTTAACGCTGTAGTCACCTTTGTAGATTGCTTCCCCGGTGTGTGGATCACGGGCCTATTTGGAGAGTGCTCTGCTACCTGTGGTGAGTCGTCTCGCACCCGAACCGTTG
AATGCCGCAATCCTCGCTTGGACATTGCAGTGAATCCAGCTGAATGCCCACCGGAGAAACCTGACGAGCAAATCCCCTGTGATGTCCCTGAATGCCCAAGTTGTGATGTTGACGTGAATGAGC
CTGGTGAGATAGGGTCTCCTAACTCTCCAGGAAACTATGGTAATAACCAACGATGTCAGACCAACATTGTCAATCCCAATGGCTGTATTGCTATCACCTTCTTGGCGTTTGACCTACAGCCAGGC
TTCACCCCTGGGGAGTGTGACACAGACTTTCTGGAGATCATTGATGTTGCCAGAGATGAACCCATCAAGTTATGTGGCTCGGGACTTCCGGAAACCTACCAGTCATTAGGCAGTAACATTCAGC
TTGTCTTCCAAACCGATGAATCGATTGTATCGACTGGCTACTATGCTTACGTCTCATTCATTCCGTGTCCTGTCAATGCCTACATTGTTGGCAACTGGAGTCAGTGCTCGGTAACCTGTGGTGCT
GGTATCAGAACTCGAGATGTGCAGTGCATGGATCTCATTAACAACATCCCTGTGGAGGATTCACTCTGCGAAGGCGCAGAAAAACCTGCATCTGAAGAACCTTGTGTTGCTGAAGAGGAATGCC
CATCTTGTGACGTGACTATCACTGAAAGTCTGATGTTTGTCACCAGTCCCGGCTTTCCTGATGAACCCTACGCTCCCAATCTAGAATGTCTTTACACTTTCTACTCGCCCAATCCAGAGCAGTGT
GTCCGTCTGACGATCATAGAGGCCTATCTAAATGGACCTGATAAGAACAATGTCTGCAGTCGTGATTATTTGGAGATCACCAGCCAATCAGGACAGCCTCCATTGCATTTCTGCCCGGAATCGG
CCCGTTCCATTCCCTGGTATTCCCGCGACAATACCGCTTTTGTCCGGTTCATTTCCGATAGTGAGGGCGCTAGTACAGGCTTCAACATCTACGCGGTCTTTGGCTCGTGTCCAGAGTACGACTT
TGAGGTGGGAGAGTTTAGTGAGTGCGATGCTCGTTGCGGAGGTGGCTTCAGGACAAGAACTGTGAGCTGTATCAGCCTAGCAGACGGCACGACAGTACCTGACGAGCTGTGCCGTAATCGAC
GCCCTTTGGATAAAGTTGCTTGCAACACGGAACCATGCCCAGTTTGCGACGAAGCTTTCTTCCCAGGAGACTCTCTGATCATGAGTCCTGGCTTCTCTGGTGCTCCTGGCCAAGGCTATGAGAC
GGTGTTGGACTGCACCTATAACATCACTAACCCAGATGGATGTCTGTTCCTGACCTTTCTCAGTTTTGAGCTTCAAGAATGCGCTGGTTGCTCATGCGACTCTCTCAGTATCATTGAAAACGGTG
AACTAGCTCTTCCACCTCTCTGCGGCGTTCAGAACGATCGTACATGGGCTTCCATTTCTGGCCAGGTCATGTTGAAATTTGTTACTGATAATGCCGTCTCTGCACCTGGGTTTAACATCTACGTT
GCTTACATTGACTGCCCTGATGTGTACTACTACACTGGAGAGTATTCAGAGTGTGATGTGTCCTGTGGTGGAGGAACTCAGTCCCGTGAGGTGCAGTGTAGGAGTCGAACCACTGGCCAACAA
GTTGCAGAGTCCATGTGTGTTGGAATCAAACCTCCATCGACACGCATGTGTGGAATAGAACCATGTCCATTTTGTGATGAGTTGATAACCACTCCAAGCTTTATCTCCAGTCCTGAGTATCCAGC
CAACTATCCCATCAGCATCAACTGCAACTATGCCATCCAAGCACCACCTAATCTGTGTGTTAGCATCAATTTCTTGGTCTTTGAACTTCAAGACGCTGAAGGTGATATGCCAAGAATCTGTCAAGA
TTACGTCCAGATTCGAGATCCAAGTGCTGCAAGTCTTGACCGTCGTTACTGTGGAGTCGCAGCTCCTAATGCCATTCAGTGGAGATCCCGCTCCGGTTTGGTCAGCGTAGACTTCTCATCTGAT
GAGGAAGAGACTTTCCGAGGCTTCCGTGCTTATGTCAACTTTGTGGACTGCCCTCAATATGGATACGTTGTCACTGAATTTAGCATGTGTTCTCGGCCATGCGATGGTGGCATACAGACACGTG
AGGTGACGTGTCAAAATCTTGCAACTCAAGAGCCAGCCGACGAGACACGATGCGAGGATGAAAAACCACCGGAGAGTATTCCATGTAACCTCCAACCCTGCCCAGAGTGTGACGAGGATATCA
CTGAGAATCGTCAGAGTGTCTACAGTTTGAATTTCCCACAGCCTTACTTTGAGTATTCTTGTAACTACATCTTCACTAACCCTGGTGGCTGTGTCGAGCTTCTCTTTGTGCAGTTTGAGATGCCGG
AACCAAATGAAATGGGTATCTGTAATAAGGATTACCTCTTGGTTGAGGATATGAGTGACCGGCCCTTTTCGTATCGCATCTGCGGTCGCAGCATCCCCAACAGCGTCTTGTCACGTGGTCCAAG
ACTAAACGTGACTCTGATCACGGATGGTAACCCAAGCACGTTTGGCGAAGGGTACCAGCTTTACAATCTCTTCACGAACAATTGTCCTGAGGTTGGCTACATCGCAGGAGAGTTTGGAGAGTGT
GACCGGCAGTGTGGATTTGGCACACGGACACGTGAAGTCAACTGTGTGGATCTTCAGTCTGGAATTACTGTGGATGACACTCTGTGTACTGATATTAAACCACACGACATGGAATTCTGTAACA
CCCAGCCTTGCCCATCTTGTGACCAGGTCATAGACTCCTTCCCCGCTGCCTTGGAGAAACCTGATAATTTGGATCCTCAGCGTACATGTCGGTATGAAATCGACAGCGAGCGTTGCATCCGAGC
AACGTTCCTTACATTCGACCTCCCAGGAGAAAATGGCATGTGTGGAGATACGTTCATCCAGTTGCAAGACAATGGAGCTGAGTTTTTGACGGAGCGAGTCTGTGGTGATGGACCTGTACCATCC
TCCATTGCATCTCTCTATGCATGGCAATCCAGAACGTCCGATGTGGTCTTGACACTAAACAGTGGCGCTGGACTAACAGATGACGATCGCTTCCGAATCTTCCTGACAGAGACAGACTGTGCAG
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AGTTTGGTTTTGTTGCCAGTGAATACGGCGAGTGTAGCAGAACATGTGGCAGTGGTGGAGTCCAGACTCGTACTGTCGAGTGCCAACGTTTAGCTGATAATTCACCAGTTGATGAAGCTATGTG
TACAGATCCTAAACCGATGGCACTCCGGCCATGTGGACCTCAGCCACCATGCCCATCCTGTGATATGCTTGTTACTGATCCTGAGACGTTAATTCAAGGGCCACCACGCAATGGTAACTGGACC
ACTAACGTCCGTTGTCAAATCACGGTGGAATTTGAGACTGCATGCGTTGTCATCTCGGGTTTACAAGTGATGCTGTCCAAACCAGATGTAAACAATACCTGTGTCAACAGCTCATTGACGTTCAC
TGATGCAACATATCCAGCCTACAGTCAAACTGTCTGTGGCTCATCGAGTGGTGGTGTATATCGAGCTCTAACAACTCGTTATCTTGTGGACTTCTACTCGGCTGACTATGAAAACTCTGGGGATT
CCTTTAGTCTGTTCGCCCAGGCTGCAGCATGCCCAATGATCGAGTACCAAACTGGTGAATATACACAGTGCTCAGTCAGTTGCGGTGGTGGAGTTCGAACCAGAGACGTCATTTGTGTGAGAG
CAGATACAATGGAGGAGGTCCCCGAGGATGCTTGCGTAGGCCCTCGCCCAGCGGCTATCGAAGGATGTAATCTGGATGAATGCCCTCAAGAATGTGACAATGTTATCACTGTCAACACACCAG
TGGAGCCTTTAATGTCACCTGGTCGTCCAACATACGTCACCGATGCTGACTGTACCAATAACATCGTCAACTTGAGTGGTTGCATTGTCTTGTCATTCATATCTATGGATATCGAGGAAGGAACT
ATGCCTGGTGTTTGTGATAAGGATTATCTTGAGATCATCGACACCACGTTTGACGAGTTGAATGTGCGGCTGTGTGGCAGCACCCTTCCTGCCACTTGGCGCTCCAAGTCTGGTGTCATCAGGA
CTCGTTTTGTCTCAGACAGCGTGGATACCCAACAAGCTGGCTACACTATCATCTACACGTTGACTCCAGATTGCCCCACAGGATCCTATGTCCTGAGTGGCTTTACTGAGTGTTCTGCAAGCTGT
GGTGAAGCCACACGAACCGCCTCCAGCCTCAACTGTGTGCTTCCGGACTCGAGTGTCGTCAGCAACAGCAACTGTCCAGGCCAACCACCGTCACTTGTCCAGTCTTGCAACCTGGAACCATGC
CCAGAATTCTATTACTTCATCGGGGAGTACTCAGCTTGTTCGGTTGACTGTGGCAATGGTGTCCTGACGCGTGTGGTTGAGTGTCGACGTCTGGACAATGACACCGTTGTGGACGATGCCTTGT
GTACAGAGTCCAAACCTGCTGAGTCTATGCCATGTAATCTGATGGAGTGCGACAACAATCTTATTGTTCTGTCCGAGACTTCCCAATCAAGGACTTTGGAGTTGGATGTAACTGGTACCATCCAA
AGCCCCAACTTCCCTGGTGCGTACCCCAACAACCTGAATGCCGAGATCATTCTGACTATCCCTGCTAACACGTTGTTGAGGGTCACCATTGATGCCTTGGATCTGGCCTTCGAAACCCCTTGTG
TCAATGGGGACTTCCTTAGGCTTTCATCCAGTCCCACCACTGTCCTTCAGTTTTGTCAGAGCATGCAGCTTCCTGTTGATTGGTTTAGTGGTGCTGGTGATACAGAAATCACTATCGCCATGACA
ACCAATGCGGCTAATACAGGAACGGGATTTATGGGAAGATGGTCTGTCATCATTCCACCAAAT
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ATGTACCATGACGGCGGATTAAGTGACTGCGCCAACAAGAAAAACATCATGGCATCTGTCAACTCTGGGGGACCTGATGCTTTCCACTGGTCTGAATGCAGCAACAATGATCTACTAAACTTCCT
AGATCGTGCAGAGTCTAAATGCCTGAAGAATAAGCCCAAATCTCTACCAGACTACACTCCTTCCTCCATTCCGATGCCTGGTTTTTATTTCAATGCTACTGAGCAGTGTGCCATGACGTTTAATGC
AAAGAGCATTGTGGCCTCGGAGGTTTTGAACAAAAAGGAAATCTGCACAGCTCTGGTCTGCAAGAATGAAATGGGAGTGCTAGAATCTAGCAATGTTCCTCCCCTAGATGGAACCCGTTGCGGC
ACCAGGCGAGATATTTGCATCCATGGCGAATGTCTGAAGGTCTACAGCACTACGGATTGTGATGGTGGTCCATGCGTACCATTCTGGCTTCCAGGTAGTTTCACTTGTCAGAATTCTACCTCGT
GCGAGGCAACACGTTTAGTTCTGTGTGTTGAGGAACACGATGATGGAACGACTCGAAGAGTTACAGAGCTTGAACGTTGCCCAGCTGACATGCCATCACCCATGGGCGTTTGCCCAGATGATC
CATGCAGGTTTGATTACGTAGCTGGAGACTTTGGTGACTGCTCAGTATCGTGCGGAAATGGTATCCAATTCAGGGAAGTGACGTGCCAAGATCGCTCTCAAGAAACTGTGACTGTCCTTGACGA
TGCATTTTGTGCTCGGAGAAATAAGCCAACTACTGCACAAGTCTGTAATCTACCTGCCTGTCCAGTCACTACGTACAGCTATGCTGTAGGGCAATTCCAAGAGTGCTCAGTGACGTGCGGGGCT
GGAGTTCAGATCCGATCTGTGACTTGCCAGAACAACGCAGGTGAAACCGTTGCTGAAACATTCTGTACACAACTTGGTATTTCCAGACCTGCAACCACCCAGAACTGTGACACTCAAATCAGCT
GTGGTCTTCGCTATGTTGCTGGTCCTTACGACACGTGCTCGGTAACCTGTGGTGTGGGTGTCCGTACTCGCATGATCTACTGCGTTAATGGTGACAATCTGGTCGTAGCGCTCACACGATGCGA
GGAAGCGCAACTTGTACAACCGTCTCTTACTACAAGTTGTGAATTGGAAGCCTGCCCTGAACCCGTCTACACTGCACTTCGAGGCGAGTGGTCACAGTGTTCACTTACGTGCGGAGTGGGCAC
TGAGACCAGATTTGTGCAGTGTCGCAGTAACAATGTGGATGTAGACCTTCAATTCTGTATCAATGCTGGATTGACTGACTTGGATACATTGAGGGTGTGCACGCGGCCAACTTGCCAACCAGAG
TATCGGTTTGAACCTGGTGCTTACGGTGAGTGTTCAGTGACGTGTGGTGTAGGAGAACGTACCCGTGATGTCCAGTGCTTGAATCAGGATAACGTGGCAGTAGACATCAGCAACTGTCTGCTAA
TGGGTTTAACTCCGCCACCAAGCACCATCGAGTGTGCTCTGGATGCCTGCCCAACATACATCTATCAAGTTGGTGAATTTGGTCCTTGCTCGGAGGACTGTGGTGATGGTCTACAGCTTCGTGC
AGTCACCTGCATTAATAACGACACCCAGGCAGTTGTAGCTGACAGTAACTGTCCTGGGGAAAAACCTGCCGAGACCCAGCCTTGTAACTTGATGCCTTGTGACACTATGCTTCAGTTTGTAACC
AGTCCCTTTGGTGCCTGTAACTGCAGTGGTCTGCAGACTCGTTTTGTTATCTGCATCCGCCGTGTGGGGACAACGTTAGATCAAGTCTCCACACAAAGTTGCTTAGTCGCGGGACTCCAGCCCC
CACCAACCACCCAGGCTTGTACTGCTCCATCAGACTGTGTCCAGCCTGATCCTGTATGGCAGACTACTGAATGGAGTCCGTGTCCAGTAACTTGTGGCATTGGTACCCAGACTCGTCTGGTTTA
CTGCATTGCACAGCCAGGATCAACAGTAACCGTTGACGACTCGATGTGTGTTCCAGGGGACAGACCACCAGATACGCAGGAATGTGACACGGAAGTAGTCTGCCCAACTGAGTACCTGTGGTT
GACCTACGGCTGGGGAGAATGTAGCGTGACATGCGGCGAAGGCTTTGAGACACGTGAAGTCTTCTGTTTTAGTCTTGGAGATAACATCCAACAGGTTGAGGACTCGTTCTGTAATGCTGGTGA
GAAACCCAGCACTGTACGACCCTGTAGTCTACCTCCTTGCACAGCATCATGGACCACATCGGACTGGACCGAGTGTTCGGTGACTTGCGGTCCCGGCACAGAAACCCGTACCATATCCTGTCG
GCAAACTAAGGACCCTAGCAGTAACATTGTTGATGAATCGGAATGCGTTACCGAAGACCGTCCCTCTGAAGCTCGTCCTTGTTATCTATCGCCATGCCCACCTCCTTATGGCTGCGAGACCTCC
TATATGCTTGAAGGCACTGTACAGTATACAGAGAGCTCACCAGGGTTCACTAATGGACAGAATTACCCTAATGATTTAGATTGTTCCAAGGATTTCATTACTCAGAATAACCTCCAAGAAACTAGA
GTGAGACGTCAGATTAATGCAGATGGTCCGCAGCACTACATTCAGCTGACCTTCACGGCGTTTGACGTAGAACCATCTACCGACTGCACATTGGATTTTCTGGAGATTTCCGACAGCTTGTACA
ACACCTCAGAACGGCTATGTGGTAACTCTTATGAGCTGCCTTACGTCTGGCAGTCCCAGGGTCCACACATCAATCTGTACTTCCACACTGATGCCACCGTCACACGACCAGGCTACTCTTTCAT
CTATAATGCTGTGGAGATACAGCAACCAGCACGATATGAAGTCACAGAATGGTCCGAGTGCTCGGTGACATGTGGAAATGGTGTGGAGACACGGGATGTCTTGTGTATCCGTGGCAACGAGAC
TGTTGATGAGAGCGAGTGCAGCGGCTTGCAGAAACCAGTCAGCGTTCAACCGTGTGAGGAAGATGAATGTATTGAACCAACAGTTTGCAGCGGAGATCTCCTTCGCACGGAGAACAACGCCGT
CATCTTATCGCCCGATTTCCCTGCCTCCTACCCAAACAATGTCTCTTGTTCCAATATCATCCGTGCTCCGGAAGGATTGATTGTAGAGGTCTTTGTAACTTTCTTCACCCTCCGTCCTGAAGAATG
CCGCGATAAGGTTTTGATGAAAGATGTGAATATTGACGGAGATCCTCTAGAGTTGTGTGGTAACCAAGCACCAGGGATTGTCTTTACATCCATTACCAACGAGGTGATAGTGCAGTTTCTGTCGG
CTGAGACGGGACCCATCGCACCTGCTGGATTTGGCTTCAGTCTCAGAGCTGACTTCGTAAACCAGCCAGAGGTTTCTTGTGGTGACCAGATTACAGAATCGGGCCGAGCTGTGTACTCGCCCA
ACTACCCTGATGATTACAACTTGAATGAGAATTGCTTGACTTCTATCAGAAATGCAGACGGATGTATTAAGCTACAGTTCTTGGATGTTGATTTGCCTCCTAGAAACGGACAATGCTCGGATTTCG
TTCAGTTGATTGATTTGAATGAGATTGTGGTCAACACTGGCCCTGTGTGCGGACGGGAAATCCCCGCCGTTTTCTACTCCTTTACTGATCTGATGACGGTGCGATTTTATTCGGATGAGAACGGT
CCAACAAACGGTGGTTTTAACGCTGTAGTCACCTTTGTAGATTGCTTCCCCGGTGTGTGGATCACGGGCCTATTTGGAGAGTGCTCTGCTACCTGTGGTGAGTCGTCTCGCACCCGAACCGTTG
AATGCCGCAATCCTCGCTTGGACATTGCAGTGAATCCAGCTGAATGCCCACCGGAGAAACCTGACGAGCAAATCCCCTGTGATGTCCCTGAATGCCCAAGTTGTGATGTTGACGTGAATGAGC
CTGGTGAGATAGGGTCTCCTAACTCTCCAGGAAACTATGGTAATAACCAACGATGTCAGACCAACATTGTCAATCCCAATGGCTGTATTGCTATCACCTTCTTGGCGTTTGACCTACAGCCAGGC
TTCACCCCTGGGGAGTGTGACACAGACTTTCTGGAGATCATTGATGTTGCCAGAGATGAACCCATCAAGTTATGTGGCTCGGGACTTCCGGAAACCTACCAGTCATTAGGCAGTAACATTCAGC
TTGTCTTCCAAACCGATGAATCGATTGTATCGACTGGCTACTATGCTTACGTCTCATTCATTCCGTGTCCTGTCAATGCCTACATTGTTGGCAACTGGAGTCAGTGCTCGGTAACCTGTGGTGCT
GGTATCAGAACTCGAGATGTGCAGTGCATGGATCTCATTAACAACATCCCTGTGGAGGATTCACTCTGCGAAGGCGCAGAAAAACCTGCATCTGAAGAACCTTGTGTTGCTGAAGAGGAATGCC
CATCTTGTGACGTGACTATCACTGAAAGTCTGATGTTTGTCACCAGTCCCGGCTTTCCTGATGAACCCTACGCTCCCAATCTAGAATGTCTTTACACTTTCTACTCGCCCAATCCAGAGCAGTGT
GTCCGTCTGACGATCATAGAGGCCTATCTAAATGGACCTGATAAGAACAATGTCTGCAGTCGTGATTATTTGGAGATCACCAGCCAATCAGGACAGCCTCCATTGCATTTCTGCCCGGAATCGG
CCCGTTCCATTCCCTGGTATTCCCGCGACAATACCGCTTTTGTCCGGTTCATTTCCGATAGTGAGGGCGCTAGTACAGGCTTCAACATCTACGCGGTCTTTGGCTCGTGTCCAGAGTACGACTT
TGAGGTGGGAGAGTTTAGTGAGTGCGATGCTCGTTGCGGAGGTGGCTTCAGGACAAGAACTGTGAGCTGTATCAGCCTAGCAGACGGCACGACAGTACCTGACGAGCTGTGCCGTAATCGAC
GCCCTTTGGATAAAGTTGCTTGCAACACGGAACCATGCCCAGTTTGCGACGAAGCTTTCTTCCCAGGAGACTCTCTGATCATGAGTCCTGGCTTCTCTGGTGCTCCTGGCCAAGGCTATGAGAC
GGTGTTGGACTGCACCTATAACATCACTAACCCAGATGGATGTCTGTTCCTGACCTTTCTCAGTTTTGAGCTTCAAGAATGCGCTGGTTGCTCATGCGACTCTCTCAGTATCATTGAAAACGGTG
AACTAGCTCTTCCACCTCTCTGCGGCGTTCAGAACGATCGTACATGGGCTTCCATTTCTGGCCAGGTCATGTTGAAATTTGTTACTGATAATGCCGTCTCTGCACCTGGGTTTAACATCTACGTT
GCTTACATTGACTGCCCTGATGTGTACTACTACACTGGAGAGTATTCAGAGTGTGATGTGTCCTGTGGTGGAGGAACTCAGTCCCGTGAGGTGCAGTGTAGGAGTCGAACCACTGGCCAACAA
GTTGCAGAGTCCATGTGTGTTGGAATCAAACCTCCATCGACACGCATGTGTGGAATAGAACCATGTCCATTTTGTGATGAGTTGATAACCACTCCAAGCTTTATCTCCAGTCCTGAGTATCCAGC
CAACTATCCCATCAGCATCAACTGCAACTATGCCATCCAAGCACCACCTAATCTGTGTGTTAGCATCAATTTCTTGGTCTTTGAACTTCAAGACGCTGAAGGTGATATGCCAAGAATCTGTCAAGA
TTACGTCCAGATTCGAGATCCAAGTGCTGCAAGTCTTGACCGTCGTTACTGTGGAGTCGCAGCTCCTAATGCCATTCAGTGGAGATCCCGCTCCGGTTTGGTCAGCGTAGACTTCTCATCTGAT
GAGGAAGAGACTTTCCGAGGCTTCCGTGCTTATGTCAACTTTGTGGACTGCCCTCAATATGGATACGTTGTCACTGAATTTAGCATGTGTTCTCGGCCATGCGATGGTGGCATACAGACACGTG
AGGTGACGTGTCAAAATCTTGCAACTCAAGAGCCAGCCGACGAGACACGATGCGAGGATGAAAAACCACCGGAGAGTATTCCATGTAACCTCCAACCCTGCCCAGAGTGTGACGAGGATATCA
CTGAGAATCGTCAGAGTGTCTACAGTTTGAATTTCCCACAGCCTTACTTTGAGTATTCTTGTAACTACATCTTCACTAACCCTGGTGGCTGTGTCGAGCTTCTCTTTGTGCAGTTTGAGATGCCGG
AACCAAATGAAATGGGTATCTGTAATAAGGATTACCTCTTGGTTGAGGATATGAGTGACCGGCCCTTTTCGTATCGCATCTGCGGTCGCAGCATCCCCAACAGCGTCTTGTCACGTGGTCCAAG
ACTAAACGTGACTCTGATCACGGATGGTAACCCAAGCACGTTTGGCGAAGGGTACCAGCTTTACAATCTCTTCACGAACAATTGTCCTGAGGTTGGCTACATCGCAGGAGAGTTTGGAGAGTGT
GACCGGCAGTGTGGATTTGGCACACGGACACGTGAAGTCAACTGTGTGGATCTTCAGTCTGGAATTACTGTGGATGACACTCTGTGTACTGATATTAAACCACACGACATGGAATTCTGTAACA
CCCAGCCTTGCCCATCTTGTGACCAGGTCATAGACTCCTTCCCCGCTGCCTTGGAGAAACCTGATAATTTGGATCCTCAGCGTACATGTCGGTATGAAATCGACAGCGAGCGTTGCATCCGAGC
AACGTTCCTTACATTCGACCTCCCAGGAGAAAATGGCATGTGTGGAGATACGTTCATCCAGTTGCAAGACAATGGAGCTGAGTTTTTGACGGAGCGAGTCTGTGGTGATGGACCTGTACCATCC
TCCATTGCATCTCTCTATGCATGGCAATCCAGAACGTCCGATGTGGTCTTGACACTAAACAGTGGCGCTGGACTAACAGATGACGATCGCTTCCGAATCTTCCTGACAGAGACAGACTGTGCAG
AGTTTGGTTTTGTTGCCAGTGAATACGGCGAGTGTAGCAGAACATGTGGCAGTGGTGGAGTCCAGACTCGTACTGTCGAGTGCCAACGTTTAGCTGATAATTCACCAGTTGATGAAGCTATGTG
TACAGATCCTAAACCGATGGCACTCCGGCCATGTGGACCTCAGCCACCATGCCCATCCTGTGATATGCTTGTTACTGATCCTGAGACGTTAATTCAAGGGCCACCACGCAATGGTAACTGGACC
ACTAACGTCCGTTGTCAAATCACGGTGGAATTTGAGACTGCATGCGTTGTCATCTCGGGTTTACAAGTGATGCTGTCCAAACCAGATGTAAACAATACCTGTGTCAACAGCTCATTGACGTTCAC
TGATGCAACATATCCAGCCTACAGTCAAACTGTCTGTGGCTCATCGAGTGGTGGTGTATATCGAGCTCTAACAACTCGTTATCTTGTGGACTTCTACTCGGCTGACTATGAAAACTCTGGGGATT
CCTTTAGTCTGTTCGCCCAGGCTGCAGCATGCCCAATGATCGAGTACCAAACTGGTGAATATACACAGTGCTCAGTCAGTTGCGGTGGTGGAGTTCGAACCAGAGACGTCATTTGTGTGAGAG
CAGATACAATGGAGGAGGTCCCCGAGGATGCTTGCGTAGGCCCTCGCCCAGCGGCTATCGAAGGATGTAATCTGGATGAATGCCCTCAAGAATGTGACAATGTTATCACTGTCAACACACCAG
TGGAGCCTTTAATGTCACCTGGTCGTCCAACATACGTCACCGATGCTGACTGTACCAATAACATCGTCAACTTGAGTGGTTGCATTGTCTTGTCATTCATATCTATGGATATCGAGGAAGGAACT
ATGCCTGGTGTTTGTGATAAGGATTATCTTGAGATCATCGACACCACGTTTGACGAGTTGAATGTGCGGCTGTGTGGCAGCACCCTTCCTGCCACTTGGCGCTCCAAGTCTGGTGTCATCAGGA
CTCGTTTTGTCTCAGACAGCGTGGATACCCAACAAGCTGGCTACACTATCATCTACACGTTGACTCCAGATTGCCCCACAGGATCCTATGTCCTGAGTGGCTTTACTGAGTGTTCTGCAAGCTGT
GGTGAAGCCACACGAACCGCCTCCAGCCTCAACTGTGTGCTTCCGGACTCGAGTGTCGTCAGCAACAGCAACTGTCCAGGCCAACCACCGTCACTTGTCCAGTCTTGCAACCTGGAACCATGC
CCAGAATTCTATTACTTCATCGGGGAGTACTCAGCTTGTTCGGTTGACTGTGGCAATGGTGTCCTGACGCGTGTGGTTGAGTGTCGACGTCTGGACAATGACACCGTTGTGGATGATGCCTTGT
GTACAGAGTCCAAACCTGCTGAGTCTATGCCATGTAATCTGATGGAGTGCGACAACAATCTTATTGTTCTGTCCGAGACTTCCCAATCAAGGACTTTGGAGTTGGATGTAACTGGTACCATCCAA
AGCCCCAACTTCCCTGGTGCGTACCCCAACAACCTGAATGCCGAGATCATTCTGACTATCCCTGCTAACACGTTGTTGAGGGTCACCATTGATGCCTTGGATCTGGCCTTCGAAACCCCTTGTG
TCAATGGGGACTTCCTTAGGCTTTCATCCAGTCCCACCACTGTCCTTCAGTTTTGTCAGAGCATGCAGCTTCCTGTTGATTGGTTTAGTGGTGCTGGTGATACAGAAATCACTATCGCCATGACA
ACCAATGCGGCTAATACAGGAACGGGATTTATGGGAAGATGGTCTGTCATCATTCCACCAAAT

>EBR1|Cryptasterina_pentagona_8_allele1|TRINITY_DN19243 c0_g1_il1
ATGTACCATGACGGCGGATTAAGTGACTGCGCCAACAAGAAAAACATCATGGCATCTGTCAACTCTGGGGGACCTGATGCTTTCCACTGGTCTGAATGCAGCAACAATGATCTACTAAACTTCCT
AGATCGTGCAGAGTCTAAATGCCTGAAGAATAAGCCCAAATCTCTACCGGACTACACTCCTTCCTCCGTTCCGATGCCTGGTTTTTATTTCAATGCTACTGAGCAGTGTGCCATGACGTTTAATG
CGAAGAGCATTGTGGCTTCGGAGGTTTTGAACAAAAAGGAAATCTGCACAGCTCTGGTCTGCAAGAATGAAATGGGAGTGCTAGAATCTAGCAATGTTCCTCCCCTAGATGGAACCCGATGCGG
CACCAGGCGAGATATTTGCATCCATGGAGAATGTCTGAAGGTCTACAGCACTATGGATTGTGATGGTGGTCCATGCGTACCATTCTGGCTTCCAGGTAGTTTCACTTGTCAGAATTCTACCTCGT
GCGAGGCAACACGTTTAGTTCTGTGTGTTGAGGAACACGATGATGGAACGACTCGAAGAGTTACAGAGCTTGAACGTTGCCCAGCTGACATGCCATCACCCATGGGCGTTTGCCCAGATGATC
CATGCAGGTTTGATTACGTAGCTGGAGACTTTGGTGACTGCTCAGTATCGTGCGGAAATGGTATCCAATTCAGGGAAGTGACGTGCCAAGATCGCTCTCAAGAAACTGTGACTGTCCTTGACGA
TGCATTTTGTGCTCAGAGAAATAAGCCAACTACTGCACAAGTCTGTAATCTACCTGCCTGTCCAGTCACTACGTACAGCTATGCTGTAGGGCAATTCCAAGAGTGCTCAGTGACGTGCGGGGCC
GGAGTTCAGATCCGATCTGTGACTTGCCAGAACAACGCAGGTGAAACTGTTGCTGAAACATTCTGTACACAACTTGGTATTTCCAGACCTGCAACCACCCAGAACTGTGACACTCAAATCAGCT
GTGGTCTTCGCTATGTTGCTGGTCCTTACGACACGTGCTCAGTAACCTGTGGTGTGGGTGTCCGTACTCGCATGATCTACTGCGTTAATGGTGACAATCTGGTCGTAGCGCTCACACGATGCGA
GGAAGCGCAACTTGTACAACCGTCTCTTACTACAAGTTGTGAATTGGAAGCCTGCCCTGAACCCGTCTACACTGCACTTCGAGGCGAGTGGTCACAGTGTTCACTTACGTGCGGAGTGGGCAC
TGAGACCAGATTTGTGCAGTGTCGCAGTAACAATGTGGATGTAGACCTTCAATTCTGTATCAATGCTGGATTGACTGACTTGGATACATTGAGGGTGTGCACGCGGCCAACTTGCCAACCAGAG
TATCGGTTTGAACCTGGTGCTTACGGTGAGTGTTCAGTGACGTGTGGTGTAGGAGAACGTACCCGTGATGTCCAGTGCTTGAATCAGGATAACGTGGCAGTAGACATCAGCAACTGTCTGCTAA
TGGGTTTAACTCCGCCACCAAATACCATCGAGTGTGCTCTGGATGCCTGCCCAACATACATCTATCAAGTTGGTGAATTTGGTCCTTGCTCGGAGGACTGTGGTGATGGTCTACAGCTTCGTGC
AGTCACCTGCATTAATAACGACACCCAGGCAGTTGTAGCTGACAGTAACTGTCCTGGGGAAAAACCTGCCGAGACGCAGCCTTGTAACTTGATGCCTTGTGACACTATGCTTCAGTTTGTAACC
AGTCCCTTTGGTGCCTGTAACTGCAGTGGTCTGCAGACTCGTTTTGTTATCTGCATCCGCCGTGTGGGGACAACGTTAGATCAAGTCTCCACACAAAGTTGCTTAGTCGCGGGACTCCAGCCCC
CACCAACCACCCAGGCTTGTACTGCTCCATCAGACTGTGTCCAGCCTGATCCTGTATGGCAGACTACTGAATGGAGTCCGTGTCCAGTAACTTGTGGCATTGGTACCCAGACTCGTCTGGTTTA
CTGCATTGCACAGCCAGGATCAACAGTAACCGTTGACGACTCGATGTGTGTTCCAGGGGACAGACCACCAGATACGCAGGAATGTGACACGGAAGTAGTCTGCCCAACTGAGTACCTGTGGTT
GACCTACGGCTGGGGAGAATGTAGCGTGACATGCGGCGAAGGCTTTGAGACACGTGAAGTCTTCTGTTTTAGTCTTGGAGATAACATCCAACAGGTTGAGGACTCGTTCTGTAATGCTGGTGA
GAAACCCAGCACTGTACGACCCTGTAGTCTACCTCCTTGCACAGCATCATGGACCACATCGGACTGGACCGAGTGTTCGGTGACTTGCGGTCCCGGCACAGAAACCCGTACCATATCCTGTCG
GCAAACTAAGGACCCTAGCAGTAACATTGTTGATGAATCGGAATGCGTTACCGAAGACCGTCCCTCTGAAGCTCGTCCTTGTTATCTATCGCCATGCCCACCTCCTTATGGCTGCGAGACCTCC
TATATGCTTGAAGGCACTGTACAGTATACAGAGAGCTCACCAGGGTTCACTAATGGACAGAATTACCCTAATGATTTAGATTGTTCCAAGGATTTCATTACTCAGAATAACCTCCAAGAAACTAGA
GTGAGACGTCAGATTAATGCAGATGGTCCGCAGCACTACATTCAGCTGACCTTCACGGCGTTTGACGTAGAACCATCTACCGACTGCACATTGGATTTTCTGGAGATTTCCGACAGCTTGTACA
ACACCTCAGAACGGCTATGTGGTAACTCTTATGAGCTGCCTTACGTCTGGCAGTCCCAGGGTCCACACATCAATCTGTACTTCCACACTGATGCCACCGTCACACGACCAGGCTACTCTTTCAT
CTATAATGCTGTGGAGATACAGCAACCAGCACGATATGAAGTCACAGAATGGTCCGAGTGCTCGGTGACATGTGGAAATGGTGTGGAGACACGGGATGTCTTGTGTATCCGTGGCAACGAGAC
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TGTTGATGAGAGCGAGTGCAGCGGCCTGCAGAAACCAGTCAGCGTTCAACCGTGTGAGGAAGACGAATGTATTGAACCAACAGTTTGCAGCGGAGATCTCCTTCGCACGGAGAACAACGCCG
TCATCTTATCGCCCGATTTCCCTGCCTCCTACCCAAACAATGTCTCTTGTTCCAATATCATCCGTGCTCCGGAAGGATTGATTGTAGAGGTCTTTGTAACTTTCTTCACCCTCCGTCCTGAAGAAT
GCCGCGATAAGGTTTTGATGAAAGATGTGAATATTGACGGAGATCCTCTAGAGTTGTGTGGTAACCAAGCACCAGGGATTGTCTTTACATCCATTACCAACGAGGTGATAGTGCAGTTTCTGTCG
GCTGAGACGGGACCCATCGCACCTGCTGGATTTGGCTTCAGTCTCAGAGCTGACTTCGTAAACCAGCCAGAGGTTTCTTGTGGTGACCAGATTACAGAATCAGGCCGAGCTGTGTACTCGCCC
AACTACCCTGATGATTACAACTTGAATGAGAATTGCTTGACTTCTATCAGAAATGCAGACGGATGTATTAAGCTACAGTTCTTGGATGTTGATTTGCCTCCTAGAAACGGACAATGCTCGGATTTC
GTTCAGTTGATTGATTTGAATGAGATTGTGGTCAACACTGGCCCTGTGTGCGGACGGGAAATCCCCGCCGTTTTCTACTCCTTTACTGATCTGATGACGGTGCGATTTTATTCGGATGAGAACGG
TCCAACAAACGGTGGTTTTAACGCTGTAGTCACCTTTGTAGATTGCTTCCCCGGTGTGTGGATCACGGGCCTATTTGGAGAGTGCTCTGCTACCTGTGGTGAGTCGTCTCGCACCCGAACCGTT
GAATGCCGCAATCCTCGCTTGGACATTGCAGTGAATCCAGCTGAATGCCCACCGGAGAAACCTGACGAGCAAATCCCCTGTGATGTCCCTGAATGCCCAAGTTGTGATGTTGACGTGAATGAG
CCTGGTGAGATAGGGTCTCCTAACTCTCCAGGAAACTATGGTAATAACCAACGATGTCAGACCAACATTGTCAATCCCAATGGCTGTATTGCTATCACCTTCTTGGCGTTTGACCTACAGCCAGG
CTTCACCCCTGGGGAGTGTGACACAGACTTTCTGGAGATCATTGATGTTGCCAGAGATGAACCCATCAAGTTATGTGGCTCGGGACTTCCGGAAACCTACCAGTCATTAGGCAGTAACATTCAG
CTTGTCTTCCAAACCGATGAATCGATTGTATCGACTGGCTACTATGCTTACGTCTCATTCATTCCGTGTCCTGTCAATGCCTACATTGTTGGCAACTGGAGTCAGTGCTCGGTAACCTGTGGTGC
TGGTATCAGAACTCGAGATGTGCAGTGCATGGATCTCATTAACAACATCCCTGTGGAGGATTCACTCTGCGAAGGCGCAGAAAAACCTGCATCTGAAGAACCTTGTGTTGCTGAAGAGGAATGC
CCATCTTGTGACGTGACTATCACTGAAAGTCTGATGTTTGTCACCAGTCCCGGCTTTCCTGATGAACCCTACGCTCCCAATCTAGAATGTCTTTACACTTTCTACTCGCCCAATCCAGAGCAGTG
TGTCCGTCTGACGATCATAGAGGCCTATCTAAATGGACCTGATAAGAACAATGTCTGCAGTCGTGATTATTTGGAGATCACCAGCCAATCAGGACAGCCTCCATTGCATTTCTGCCCGGAATCG
GCCCGTTCCATTCCCTGGTATTCCCGCGACAATACCGCTTTTGTCCGGTTCATTTCCGATAGTGAGGGCGCTAGTACAGGCTTCAACATCTACGCGGTCTTTGGCTCGTGTCCAGAGTACGACT
TTGAGGTGGGAGAGTTTAGTGAGTGCGATGCTCGTTGCGGAGGTGGCTTCAGGACAAGAACTGTGAGCTGTATCAGCCTAGCAGACGGCACGACAGTACCTGACGAGCTGTGCCGTAATCGA
CGCCCTTTGGATAAAGTTGCTTGCAACACGGAACCATGCCCAGTTTGCGACGAAGCTTTCTTCCCAGGAGACTCTCTGATCATGAGTCCTGGCTTCTCTGGTGCTCCTGGCCAAGGCTATGAGA
CGGTGTTGGACTGCACCTATAACATCACTAACCCAGATGGATGTCTGTTCCTGACCTTTCTCAGTTTTGAGCTTCAAGAATGCGCTGGTTGCTCATGCGACTCTCTCAGTATCATTGAAAACGGT
GAACTAGCTCTTCCACCTCTCTGCGGCGTTCAGAACGATCGTACATGGGCTTCCATTTCTGGCCAGGTCATGTTGAAATTTGTTACTGATAATGCCGTCTCTGCACCTGGGTTTAACATCTACGT
TGCTTACATTGACTGCCCTGATGTGTACTACTACACTGGAGAGTATTCAGAGTGTGATGTGTCCTGTGGTGGAGGAACTCAGTCCCGTGAGGTGCAGTGTAGGAGTCGAACCACTGGCCAACA
AGTTGCAGAGTCCATGTGTGTTGGAATCAAACCTCCATCGACACGCATGTGTGGAATAGAACCATGTCCATTTTGTGATGAGTTGATCACCACTCCAAGCTTTATCTCCAGTCCTGAGTATCCAG
CCAACTATCCCATCAGCATCAACTGCAACTATGCCATCCAAGCACCACCTAATCTGTGTGTTAGCATCAATTTCTTGGTCTTTGAACTTCAAGACGCTGAAGGTGATATGCCAAGAATCTGTCAAG
ATTACGTCCAGATTCGAGATCCAAGTGCTGCAAGTCTTGACCGTCGTTACTGTGGAGTCGCAGCTCCTAATGCCATTCAGTGGAGATCCCGCTCCGGTTTGGTCAGCGTAGACTTCTCATCTGA
TGAGGAAGAGACTTTCCGAGGCTTCCGTGCTTATGTCAACTTTGTGGACTGCCCTCAATATGGATACGTTGTCACTGAATTTAGCATGTGTTCTCGGCCATGCGATGGTGGCATACAGACACGT
GAGGTGACGTGTCAAAATCTTGCAACTCAAGAGCCAGCCGACGAGACACGATGCGAGGATGAAAAACCACCGGAGAGTATTCCATGTAACCTCCAACCCTGCCCAGAGTGTGACGAGGATATC
ACTGAGAATCGTCAGAGTGTCTACAGTTTGAATTTCCCACAGCCTTACTTTGAGTATTCTTGTAACTACATCTTCACTAACCCTGGTGGCTGTGTCGAGCTTCTCTTTGTGCAGTTTGAGATGCCG
GAACCAAATGAAATGGGTATCTGTAATAAGGATTACCTCTTGGTTGAGGATATGAGTGACCGGCCCTTTTCGTATCGCATCTGCGGTCGCAGCATCCCCAACAGCGTCTTGTCACGTGGTCCAA
GACTAAACGTGACTCTGATCACGGATGGTAACCCAAGCACGTTTGGCGAAGGGTACCAGCTTTACAATCTCTTCACGAACAATTGTCCTGAGGTTGGCTACATCGCAGGAGAGTTTGGAGAGTG
TGACCGGCAGTGTGGATTTGGCACACGGACACGTGAAGTCAACTGTGTGGATCTTCAGTCTGGAATTACTGTGGATGACACTCTGTGTACTGATATTAAACCACACGACATGGAATTCTGTAACA
CCCAGCCTTGCCCATCTTGTGACCAGGTCATAGACTCCTTCCCCGCTGCCTTGGAGAAACCTGATAATTTGGATCCTCAGCGTACATGTCGGTATGAAATCGACAGCGAGCGTTGCATCCGAGC
AACGTTCCTTACATTCGACCTCCCAGGAGAAAATGGCATGTGTGGAGATACGTTCATCCAGTTGCAAGACAATGGAGCTGAGTTTTTGACGGAGCGAGTCTGTGGTGATGGACCTGTACCATCC
TCCATTGCATCTCTCTATGCATGGCAATCCAGAACGTCCGATGTGGTCTTGACACTAAACAGTGGCGCTGGACTAACAGATGACGATCGCTTCCGAATCTTCCTGACAGAGACAGACTGTGCAG
AGTTTGGTTTTGTTGCCAGTGAATACGGCGAGTGTAGCAGAACATGTGGCAGTGGTGGAGTCCAGACTCGTACTGTCGAGTGCCAACGTTTAGCTGATAATTCACCAGTTGATGAAGCTATGTG
TACAGATCCTAAACCGATGGCACTCCGGCCATGTGGACCTCAGCCACCATGCCCATCCTGTGATATGCTTGTTACTGATCCTGAGACGTTAATTCAAGGGCCACCACGCAATGGTAACTGGACC
ACTAACGTCCGTTGTCAAATCACGGTGGAATTTGAGACTGCATGCGTTGTCATCTCGGGTTTACAAGTGATGCTGTCCAAACCAGATGTAAACAATACCTGTGTCAACAGCTCATTGACGTTCAC
TGATGCAACATATCCAGCCTACAGTCAAACTGTCTGTGGCTCATCGAGTGGTGGTGTATATCGAGCTCTAACAACTCGTTATCTTGTGGACTTCTACTCGGCTGACTATGAAAACTCTGGGGATT
CCTTTAGTCTGTTCGCCCAGGCTGCAGCATGCCCAATGATCGAGTACCAAACTGGTGAATATACACAGTGCTCAGTCAGTTGCGGTGGTGGAGTTCGAACCAGAGACGTCATTTGTGTGAGAG
CAGATACAATGGAGGAGGTCCCCGAGGATGCTTGCGTAGGCCCTCGCCCAGCGGCTATCGAAGGATGTAATCTGGATGAATGCCCTCAAGAATGTGACAATGTTATCACTGTCAACACACCAG
TGGAGCCTTTAATGTCACCTGGTCGTCCAACATACGTCACCGATGCTGACTGTACCAATAACATCGTCAACTTGAGTGGTTGCATTGTCTTGTCATTCATATCTATGGATATCGAGGAAGGAACT
ATGCCTGGTGTTTGTGATAAGGATTATCTTGAGATCATCGACACCACGTTTGACGAGTTGAATGTGCGGCTGTGTGGCAGCACCCTTCCTGCCACTTGGCGCTCCAAGTCTGGTGTCATCAGGA
CTCGTTTTGTCTCAGACAGCGTGGATACCCAACAAGCTGGCTACACTATCATCTACACGTTGACTCCAGATTGCCCCACAGGATCCTATGTCCTGAGTGGCTTTACTGAGTGTTCTGCAAGCTGT
GGTGAAGCCACACGAACCGCCTCCAGCCTCAACTGTGTGCTTCCGGACTCGAGTGTCGTCAGCAACAGCAACTGTCCAGGCCAACCACCGTCACTTGTCCAGTCTTGCAACCTGGAACCATGC
CCAGAATTCTATTACTTCATCGGGGAGTACTCAGCTTGTTCGGTTGACTGTGGCAATGGTGTCCTGACGCGTGTGGTTGAGTGTCGACGTCTGGACAATGACACCGTTGTGGATGATGCCTTGT
GTACAGAGTCCAAACCTGCTGAGTCTATGCCATGTAATCTGATGGAGTGCGACAACAATCTTATTGTTCTGTCCGAGACTTCCCAATCAAGGACTTTGGAGTTGGATGTAACTGGTACCATCCAA
AGCCCCAACTTCCCTGGTGCGTACCCCAACAACCTGAATGCCGAGATCATTCTGACTATCCCTGCTAACACGTTGTTGAGGGTCACCATTGATGCCTTGGATCTGGCCTTCGAAACCCCTTGTG
TCAATGGGGACTTCCTTAGGCTTTCATCCAGTCCCACCACTGTCCTTCAGTTTTGTCAGAGCATGCAGCTTCCTGTTGATTGGTTTAGTGGTGCTGGTGATACAGAAATCACTATCGCCATGACA
ACCAATGCGGCTAATACAGGAACGGGATTTATGGGAAGATGGTCTGTCATCATTCCACCAAAT

>EBR1|Cryptasterina_pentagona_8_allele2|TRINITY_DN19243 c0_g1_il
ATGTACCATGACGGCGGATTAAGTGACTGCGCCAACAAGAAAAACATCATGGCATCTGTCAACTCTGGGGGACCTGATGCTTTCCACTGGTCTGAATGCAGCAACAATGATCTACTAAACTTCCT
AGATCGTGCAGAGTCTAAATGCCTGAAGAATAAGCCCAAATCTCTACCAGACTACACTCCTTCCTCCATTCCGATGCCTGGTTTTTATTTCAATGCTACTGAGCAGTGTGCCATGACGTTTAATGC
AAAGAGCATTGTGGCCTCGGAGGTTTTGAACAAAAAGGAAATCTGCACAGCTCTGGTTTGCAAGAATGAAATGGGAGTGCTAGAATCTAGCAATGTTCCTCCCCTAGATGGAACCCGTTGCGGC
ACCAGGCGAGATATTTGCATCCATGGCGAATGTCTGAAGGTCTACAGCACTACGGATTGTGATGGTGGTCCATGCGTACCATTCTGGCTTCCAGGTAGTTTCACTTGTCAGAATTCTACCTCGT
GCGAGGCAACACGTTTAGTTCTGTGTGTTGAGGAACACGATGATGGAACGACTCGACGAGTTACAGAGCTTGAGCGTTGCCCAGCTGACATGCCATCACCCATGGGCATTTGCCCAGATGATC
CATGCAGGTTTGATTACGTAGCTGGAGACTTTGGTGACTGCTCAGTATCATGCGGAAATGGCATCCAATTCAGGGAAGTGACGTGCCAAGATCGCTCTCAAGAAACTGTGACTGTCCTTGACGA
TGCATTTTGTGCTCGGAGAAATAAGCCAACTACTGCACAAGTCTGTAATCTACCTGCCTGTCCAGTCACTACGTACAGCTATGCTGTAGGGCAATTCCAAGAGTGCTCAGTGACGTGCGGGGCT
GGAGTTCAGATCCGATCTGTGACTTGCCAGAACAACGCAGGTGAAACCGTTGCTGAAACATTCTGTACACAACTTGGTATTTCCAGACCTGCAACCACCCAGAACTGTGACACTCAAATCAGCT
GTGGTCTTCGCTATGTTGCTGGTCCTTACGACACGTGCTCGGTAACCTGTGGTGTGGGTGTCCGTACTCGCATGATCTACTGCGTTAATGGTGACAATCTGGTCGTAGCGCTCACACGATGCGA
GGAAGCGCAACTTGTACAACCGTCTCTTACTACAAGTTGTGAATTGGAAGCCTGCCCTGAACCCGTCTACACTGCACTTCGAGGCGAGTGGTCACAGTGTTCACTTACGTGCGGAGTGGGCAC
TGAGACCAGATTTGTGCAGTGTCGCAGTAACAATGTGGATGTAGACCTTCAATTCTGTATCAATGCTGGATTGACTGACTTGGATACATTGAGGGTGTGCACGCGGCCAACTTGCCAACCAGAG
TATCGGTTTGAACCTGGTGCTTACGGTGAGTGTTCAGTGACGTGTGGTGTAGGAGAACGTACCCGTGATGTCCAGTGCTTGAATCAGGATAACGTGGCAGTAGACATCAGCAACTGTCTGCTAA
TGGGTTTAACTCCGCCACCAAGCACCATCGAGTGTGCTCTGGATGCCTGCCCAACATACATCTATCAAGTTGGTGAATTTGGTCCTTGCTCGGAGGACTGTGGTGATGGTCTACAGCTTCGTGC
AGTCACCTGCATTAATAACGACACCCAGGCAGTTGTAGCTGACAGTAACTGTCCTGGGGAAAAACCTGCCGAGACCCAGCCTTGTAACTTGATGCCTTGTGACACTATGCTTCAGTTTGTAACC
AGTCCCTTTGGTGCCTGTAACTGCAGTGGTCTGCAGACTCGTTTTGTTATCTGCATCCGCCGTGTGGGGACAACGTTAGATCAAGTCTCCACACAAAGTTGCTTAGTCGCGGGACTCCAGCCCC
CACCAACCACCCAGGCTTGTACTGCTCCATCAGACTGTGTCCAGCCTGATCCTGTATGGCAGACTACTGAATGGAGTCCGTGTCCAGTAACTTGTGGCATTGGTACCCAGACTCGTCTGGTTTA
CTGCATTGCACAGCCAGGATCAACAGTAACCGTTGACGACTCGATGTGTGTTCCAGGGGACAGACCACCAGATATGCAGGAATGTGACACTGAAGTAGTCTGCCCAACTGAGTACCTGTGGTT
GACCTACGGCTGGGGAGAATGTAGCGTGACATGCGGCGAAGGCTTTGAGACACGTGAAGTCTTCTGTTTTAGTCTTGGAGATAACATCCAACAGGTTGAGGACTCGTTCTGTAATGCTGGTGA
GAAACCCAGCACTGTACGACCCTGTAGTCTACCTCCTTGCACAGCATCATGGACCACATCGGACTGGACCGAGTGTTCGGTGACTTGCGGTCCCGGCACAGAAACCCGTACCATATCCTGTCG
GCAAACTAAGGACCCTAGCAGTAACATTGTTGATGAATCGGAATGCGTTACCGAAGACCGTCCCTCTGAAGCTCGTCCTTGTTATCTATCGCCATGCCCACCTCCTTATGGCTGCGAGACCTCC
TATATGCTTGAAGGCACTGTACAGTATACAGAGAGCTCACCAGGGTTCACTAATGGACAGAATTACCCTAATGATTTAGATTGTTCCAAGGATTTCATTACTCAGAATAACCTCCAAGAAACTAGA
GTGAGACGTCAGATTAATGCAGATGGTCCGCAGCACTACATTCAGCTGACCTTCACGGCGTTTGACGTAGAACCATCTACCGACTGCACATTGGATTTTCTGGAGATTTCCGACAGCTTGTACA
ACACCTCAGAACGGCTATGTGGTAACTCTTATGAGCTGCCTTACGTCTGGCAGTCCCAGGGTCCACACATCAATCTGTACTTCCACACTGATGCCACCGTCACACGACCAGGCTACTCTTTCAT
CTATAATGCTGTGGAGATACAGCAACCAGCACGATATGAAGTCACAGAATGGTCCGAGTGCTCGGTGACATGTGGAAATGGTGTGGAGACACGGGATGTCTTGTGTATCCGTGGCAACGAGAC
TGTTGATGAGAGCGAGTGCAGCGGCTTGCAGAAACCAGTCAGCGTTCAACCGTGTGAGGAAGATGAATGTATTGAACCAACAGTTTGCAGCGGAGATCTCCTTCGCACGGAGAACAACGCCGT
CATCTTATCGCCCGATTTCCCTGCCTCCTACCCAAACAATGTCTCTTGTTCCAATATCATCCGTGCTCCGGAAGGATTGATTGTAGAGGTCTTTGTAACTTTCTTCACCCTCCGTCCTGAAGAATG
CCGCGATAAGGTTTTGATGAAAGATGTGAATATTGACGGAGATCCTCTAGAGTTGTGTGGTAACCAAGCACCAGGGATTGTCTTTACATCCATTACCAACGAGGTGATAGTGCAGTTTCTGTCGG
CTGAGACGGGACCCATCGCACCTGCTGGATTTGGCTTCAGTCTCAGAGCTGACTTCGTAAACCAGCCAGAGGTTTCTTGTGGTGACCAGATTACAGAATCAGGCCGAGCTGTGTACTCGCCCA
ACTACCCTGATGATTACAACTTGAATGAGAATTGCTTGACTTCTATCAGAAATGCAGACGGATGTATTAAGCTACAGTTCTTGGATGTTGATTTGCCTCCTAGAAACGGACAATGCTCGGATTTCG
TTCAGTTGATTGATTTGAATGAGATTGTGGTCAACACTGGCCCTGTGTGCGGACGGGAAATCCCCGCCGTTTTCTACTCCTTTACTGATCTGATGACGGTGCGATTTTATTCGGATGAGAACGGT
CCAACAAACGGTGGTTTTAACGCTGTAGTCACCTTTGTAGATTGCTTCCCCGGTGTGTGGATCACGGGCCTATTTGGAGAGTGCTCTGCTACCTGTGGTGAGTCGTCTCGCACCCGAACCGTTG
AATGCCGCAATCCTCGCTTGGACATTGCAGTGAATCCAGCTGAATGCCCACCGGAGAAACCTGACGAGCAAATCCCCTGTGATGTCCCTGAATGCCCAAGTTGTGATGTTGACGTGAATGAGC
CTGGTGAGATAGGGTCTCCTAACTCTCCAGGAAACTATGGTAATAACCAACGATGTCAGACCAACATTGTCAATCCCAATGGCTGTATTGCTATCACCTTCTTGGCGTTTGACCTACAGCCAGGC
TTCACCCCTGGGGAGTGTGACACAGACTTTCTGGAGATCATTGATGTTGCCAGAGATGAACCCATCAAGTTATGTGGCTCGGGACTTCCGGAAACCTACCAGTCATTAGGCAGTAACATTCAGC
TTGTCTTCCAAACCGATGAATCGATTGTATCGACTGGCTACTATGCTTACGTCTCATTCATTCCGTGTCCTGTCAATGCCTACATTGTTGGCAACTGGAGTCAGTGCTCGGTAACCTGTGGTGCT
GGTATCAGAACTCGAGATGTGCAGTGCATGGATCTCATTAACAACATCCCTGTGGAGGATTCACTCTGCGAAGGCGCAGAAAAACCTGCATCTGAAGAACCTTGTGTTGCTGAAGAGGAATGCC
CATCTTGTGACGTGACTATCACTGAAAGTCTGATGTTTGTCACCAGTCCCGGCTTTCCTGATGAACCCTACGCTCCCAATCTAGAATGTCTTTACACTTTCTACTCGCCCAATCCAGAGCAGTGT
GTCCGTCTGACGATCATAGAGGCCTATCTAAATGGACCTGATAAGAACAATGTCTGCAGTCGTGATTATTTGGAGATCACCAGCCAATCAGGACAGCCTCCATTGCATTTCTGCCCGGAATCGG
CCCGTTCCATTCCCTGGTATTCCCGCGACAATACCGCTTTTGTCCGGTTCATTTCCGATAGTGAGGGCGCTAGTACAGGCTTCAACATCTACGCGGTCTTTGGCTCGTGTCCAGAGTACGACTT
TGAGGTGGGAGAGTTTAGTGAGTGCGATGCTCGTTGCGGAGGTGGCTTCAGGACAAGAACTGTGAGCTGTATCAGCCTAGCAGACGGCACGACAGTACCTGACGAGCTGTGCCGTAATCGAC
GCCCTTTGGATAAAGTTGCTTGCAACACGGAACCATGCCCAGTTTGCGACGAAGCTTTCTTCCCAGGAGACTCTCTGATCATGAGTCCTGGCTTCTCTGGTGCTCCTGGCCAAGGCTATGAGAC
GGTGTTGGACTGCACCTATAACATCACTAACCCAGATGGATGTCTGTTCCTGACCTTTCTCAGTTTTGAGCTTCAAGAATGCGCTGGTTGCTCATGCGACTCTCTCAGTATCATTGAAAACGGTG
AACTAGCTCTTCCACCTCTCTGCGGCGTTCAGAACGATCGTACATGGGCTTCCATTTCTGGCCAGGTCATGTTGAAATTTGTTACTGATAATGCCGTCTCTGCACCTGGGTTTAACATCTACGTT
GCTTACATTGACTGCCCTGATGTGTACTACTACACTGGAGAGTATTCAGAGTGTGATGTGTCCTGTGGTGGAGGAACTCAGTCCCGTGAGGTGCAGTGTAGGAGTCGAACCACTGGCCAACAA
GTTGCAGAGTCCATGTGTGTTGGAATCAAACCTCCATCGACACGCATGTGTGGAATAGAACCATGTCCATTTTGTGATGAGTTGATAACCACTCCAAGCTTTATCTCCAGTCCTGAGTATCCAGC
CAACTATCCCATCAGCATCAACTGCAACTATGCCATCCAAGCACCACCTAATCTGTGTGTTAGCATCAATTTCTTGGTCTTTGAACTTCAAGACGCTGAAGGTGATATGCCAAGAATCTGTCAAGA
TTACGTCCAGATTCGAGATCCAAGTGCTGCAAGTCTTGACCGTCGTTACTGTGGAGTCGCAGCTCCTAATGCCATTCAGTGGAGATCCCGCTCCGGTTTGGTCAGCGTAGACTTCTCATCTGAT
GAGGAAGAGACTTTCCGAGGCTTCCGTGCTTATGTCAACTTTGTGGACTGCCCTCAATATGGATACGTTGTCACTGAATTTAGCATGTGTTCTCGGCCATGCGATGGTGGCATACAGACACGTG
AGGTGACGTGTCAAAATCTTGCAACTCAAGAGCCAGCCGACGAGACACGATGCGAGGATGAAAAACCACCGGAGAGTATTCCATGTAACCTCCAACCCTGCCCAGAGTGTGACGAGGATATCA
CTGAGAATCGTCAGAGTGTCTACAGTTTGAATTTCCCACAGCCTTACTTTGAGTATTCTTGTAACTACATCTTCACTAACCCTGGTGGCTGTGTCGAGCTTCTCTTTGTGCAGTTTGAGATGCCGG
AACCAAATGAAATGGGTATCTGTAATAAGGATTACCTCTTGGTTGAGGATATGAGTGACCGGCCCTTTTCGTATCGCATCTGCGGTCGCAGCATCCCCAACAGCGTCTTGTCACGTGGTCCAAG
ACTAAACGTGACTCTGATCACGGATGGTAACCCAAGCACGTTTGGCGAAGGGTACCAGCTTTACAATCTCTTCACGAACAATTGTCCTGAGGTTGGCTACATCGCAGGAGAGTTTGGAGAGTGT
GACCGGCAGTGTGGATTTGGCACACGGACACGTGAAGTCAACTGTGTGGATCTTCAGTCTGGAATTACTGTGGATGACACTCTGTGTACTGATATTAAACCACACGACATGGAATTCTGTAACA
CCCAGCCTTGCCCATCTTGTGACCAGGTCATAGACTCCTTCCCCGCTGCCTTGGAGAAACCTGATAATTTGGATCCTCAGCGTACATGTCGGTATGAAATCGACAGCGAGCGTTGCATCCGAGC
AACGTTCCTTACATTCGACCTCCCAGGAGAAAATGGCATGTGTGGAGATACGTTCATCCAGTTGCAAGACAATGGAGCTGAGTTTTTGACGGAGCGAGTCTGTGGTGATGGACCTGTACCATCC
TCCATTGCATCTCTCTATGCATGGCAATCCAGAACGTCCGATGTGGTCTTGACACTAAACAGTGGCGCTGGACTAACAGATGACGATCGCTTCCGAATCTTCCTGACAGAGACAGACTGTGCAG
AGTTTGGTTTTGTTGCCAGTGAATACGGCGAGTGTAGCAGAACATGTGGCAGTGGTGGAGTCCAGACTCGTACTGTCGAGTGCCAACGTTTAGCTGATAATTCACCAGTTGATGAAGCTATGTG
TACAGATCCTAAACCGATGGCACTCCGGCCATGTGGACCTCAGCCACCATGCCCATCCTGTGATATGCTTGTTACTGATCCTGAGACGTTAATTCAAGGGCCACCACGCAATGGTAACTGGACC
ACTAACGTCCGTTGTCAAATCACGGTGGAATTTGAGACTGCATGCGTTGTCATCTCGGGTTTACAAGTGATGCTGTCCAAACCAGATGTAAACAATACCTGTGTCAACAGCTCATTGACGTTCAC
TGATGCAACATATCCAGCCTACAGTCAAACTGTCTGTGGCTCATCGAGTGGTGGTGTATATCGAGCTCTAACAACTCGTTATCTTGTGGACTTCTACTCGGCTGACTATGAAAACTCTGGGGATT
CCTTTAGTCTGTTCGCCCAGGCTGCAGCATGCCCAATGATCGAGTACCAAACTGGTGAATATACACAGTGCTCAGTCAGTTGCGGTGGTGGAGTTCGAACCAGAGACGTCATTTGTGTGAGAG
CAGATACAATGGAGGAGGTCCCCGAGGATGCTTGCGTAGGCCCTCGCCCAGCGGCTATCGAAGGATGTAATCTGGATGAATGCCCTCAAGAATGTGACAATGTTATCACTGTCAACACACCAG
TGGAGCCTTTAATGTCACCTGGTCGTCCAACATACGTCACCGATGCTGACTGTACCAATAACATCGTCAACTTGAGTGGTTGCATTGTCTTGTCATTCATATCTATGGATATCGAGGAAGGAACT
ATGCCTGGTGTTTGTGATAAGGATTATCTTGAGATCATCGACACCACGTTTGACGAGTTGAATGTGCGGCTGTGTGGCAGCACCCTTCCTGCCACTTGGCGCTCCAAGTCTGGTGTCATCAGGA
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CTCGTTTTGTCTCAGACAGCGTGGATACCCAACAAGCTGGCTACACTATCATCTACACGTTGACTCCAGATTGCCCCACAGGATCCTATGTCCTGAGTGGCTTTACTGAGTGTTCTGCAAGCTGT
GGTGAAGCCACACGAACCGCCTCCAGCCTCAACTGTGTGCTTCCGGACTCGAGTGTCGTCAGCAACAGCAACTGTCCAGGCCAACCACCGTCACTTGTCCAGTCTTGCAACCTGGAACCATGC
CCAGAATTCTATTACTTCATCGGGGAGTACTCAGCTTGTTCGGTTGACTGTGGCAATGGTGTCCTGACGCGTGTGGTTGAGTGTCGACGTCTGGACAATGACACCGTTGTGGATGATGCCTTGT
GTACAGAGTCCAAACCTGCTGAGTCTATGCCATGTAATCTGATGGAGTGCGACAACAATCTTATTGTTCTGTCCGAGACTTCCCAATCAAGGACTTTGGAGTTGGATGTAACTGGTACCATCCAA
AGCCCCAACTTCCCTGGTGCGTACCCCAACAACCTGAATGCCGAGATCATTCTGACTATCCCTGCTAACACGTTGTTGAGGGTCACCATTGATGCCTTGGATCTGGCCTTCGAAACCCCTTGTG
TCAATGGGGACTTCCTTAGGCTTTCATCCAGTCCCACCACTGTCCTTCAGTTTTGTCAGAGCATGCAGCTTCCTGTTGATTGGTTTAGTGGTGCTGGTGATACAGAAATCACTATCGCCATGACG
ACCAATGCGGCTAATACAGGAACGGGATTTATGGGAAGATGGTCTGTCATCATTCCACCAAAT
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ATGTACCATGACGGCGGATTAAGTGACTGCGCCAACAAGAAAAGCATTATGGCATCTGTCAACTCTGGAGGACCTGATGCTTTCCACTGGTCTAAATGCAGCAACAATGATCTCCTCAACTTCCT
AGATCGTGCAGAGTCTAAATGCCTGAAGAATAAGCCCAAATCTCTACCGGACTACACTCCTTCCTCCGTTCCGATGCCTGGTTTTTATTTCAATGCTACTGAGCAGTGTGCCATGACGTTTAATG
CGAAGAGCATTGTGGCTTCGGAGGTTTTGAACAAAAAGGAAATCTGCACAGCTCTGGTTTGCAAGAATGAAATGGGAGTGCTAGAATCTAGCAATGTTCCTCCCCTAGATGGAACCCGATGCGG
CACCAGGCGAGATATTTGCATCCATGGAGAATGTCTGAAGGTCTACAGCACTATGGATTGTGATGGTGGTCCATGCGTACCATTCTGGCTTCCAGGTAGTTTCACTTGTCAGAATTCTACCTCGT
GCGAGGCAACACGTTTAGTTCTGTGTGTTGAGGAACACGATGATGGAACGACTCGACGAGTTACAGAGCTTGAGCGTTGCCCAGCCGACATGCCGTCGCCCATGGGCATTTGCCCAGATGATC
CATGCAGGTTTGATTACGTAGCTGGAGACTTTGGTGACTGCTCAGTATCATGCGGAAATGGCATCCAATTCAGGGAAGTGACGTGCCAAGATCGCTCTCAAGAAACTGTGACTGTCCTTGACGA
TGCATTTTGTGCTCAGAGAAATAAGCCAACTACTGCACAAGTCTGTAATCTACCTGCCTGTCCAGTCACTACGTACAGCTATGCTGTAGGGCAATTCCAAGAGTGCTCAGTGACGTGCGGGGCC
GGAGTTCAGATCCGATCTGTGACTTGCCAGAACAACGCAGGTGAAACTGTTGCTGAAACATTCTGTACACAACTTGGTATTTCCAGACCTGCAACCACCCAGAACTGTGACACTCAAATCAGCT
GTGGTCTTCGCTATGTTGCTGGTCCTTACGACACGTGCTCGGTAACCTGTGGTGTGGGTGTCCGTACTCGCATGATCTACTGCGTTAATGGTGACAATCTGGTCGTAGCGCTCACACGATGCGA
GGAAGCGCAACTTGTACAACCGTCTCTTACTACAAGTTGTGAATTGGAAGCCTGCCCTGAACCCATCTACACTGCACTTCGAGGCGAGTGGTCACAGTGTTCACTTACGTGCGGAGTGGGCACT
GAGACCAGATTTGTGCAGTGTCGCAGTAACAATGTGGATGTAGACCTTCAATTCTGTATCAATGCTGGATTGACGGACTTAGATACATTGAGGGTGTGCACGCGGCCAACTTGCCAACCAGAGT
ATCGCTTTGAACCTGGTGCTTACGGTGAGTGTTCAGTGACGTGTGGTGTAGGAGAACGTACCCGTGATGTCCAGTGCTTGAATCAGGATAACGTGGCAGTAGACATCAGCAACTGTCTGCTAAT
GGGTTTAACTCCGCCACCAAACACCATCGAGTGTGCTCTGGATGCCTGCCCAACATACATCTATAAAGTTGGTGAATTTGGTCCTTGCTCGGAGGACTGTGGTGATGGTCTACAGCTTCGTGCA
GTCACCTGCATTAATAACGACACCCAGGCAGTTGTAGCTGACAGTAACTGTCCTGGGGAAAAACCTGCCGAGACGCAGCCTTGTAACTTGATGCCTTGTGACACTATGCTTCAGTTTGTAACCA
GTCCCTTTGGTGCCTGTAACTGCAGTGGTCTGCAGACTCGTTTTGTTATCTGCATCCGCCGTGTGGGGACAACGTTAGATCAAGTCTCCACACAAAGTTGTTTAGTCGCGGGACTCCAGCCCCC
ACCAACCACCCAGGCTTGTACTGCTCCATCAGACTGTGTCCAGCCTGATCCTGTATGGCAGACTACTGAATGGAGTCCGTGTCCAGTAACTTGTGGCATTGGTACCCAGACTCGTCTGGTTTAC
TGCATTGCACAGCCAGGATCAACAGTAACCGTTGACGACTCGATGTGTGTTCCAGGGGACAGACCACCAGATATGCAGGAATGTGACACGGAAGTAGTCTGCCCAACTGAGTACCTGTGGTTG
ACCTACGGCTGGGGAGAATGTAGCGTGACATGCGGCGAAGGCTTTGAGACACGTGAAGTCTTCTGTTTTAGTCTTGGAGATAACATCCAACAGGTTGAGGACTCGTTCTGTAATGCTGGTGAGA
AACCCAGCACTGTACGACCCTGTAGTCTACCTCCTTGCACAGCATCATGGACCACATCGGACTGGACCGAGTGTTCGGTGACTTGCGGCCCTGGCACAGAAACCCGTACCATATCCTGTCGGC
AAACTAAGGACCCTAGCAGTAACATTGTTGATGAATCGGAATGCGTTGCCGAAGACCGTCCCTCTGAAGCTCGTCCTTGTTATCTATCGCCATGCCCACCTCCTTATGGCTGCGAGACCTCCTA
TATGCTTGAAGGCACTGTACAGTATACAGAGAGCTCACCAGGGTTCACTAATGGACAGAATTACCCTAATGATTTAGATTGTTCCAAGGATTTCATTACTCAGAATAACCTCCAAGAAACTAGAGT
GAGACGTCAGATTAATGCAGATGGTCCGCAGCACTACATTCAGCTGACCTTCACGGCGTTTGACGTAGAACCATCTACCGACTGCACATTGGATTTTCTGGAGATTTCCGACAGCTTGTACAAC
ACCTCAGAACGGCTATGTGGTAACTCTTATGAGCTGCCTTACGTCTGGCAGTCCCAGGGTCCACACATCAATCTTCACTTCCACACTGATGCCACCGTCACACGACCAGGCTACTCTTTCATCTA
TAATGCTGTGGAAAGACAGCAACCAGCACGATATGAAGTCACAGAATGGTCCAAGTGCTCGGTGACATGTGGAAATGGTGTGGAGACACGGGATGTCTTGTGTATCCGTGGCAACGAGACTGT
TGATGAGAGCGAGTGCAGCGGCCTGCAGAAACCAGTCAGCGTTCAACCGTGTGAGGAAGATGAATGTATTGAACCAACAGTTTGCAGTGGAGATCTCCTTCGCACGGAGAACAACGCCGTCAT
CTTATCCCCTGATTTCCCTGCCTCCTACCCAAACAATGTCTCTTGTTCCAATATCATCCGTGCTCCGGAAGGATTGATTGTAGAGATCTTTGCAACTTTCTTCACCCTCCGTCCTGAAGAATGCCG
TGATAAGGTTTTGATCAAAGATGTGAATATTGACGGAGATCCTCTAGAGTTGTGTGGTAACCAAGCACCAGGGATTGTCTTTACATCCATTACCAACGAGGTGATAGTGCAGTTTCTGTCGGCTG
AGACGGGACCCATCGCACCTGCTGGATTTGGCTTCAGTCTCAGAGCTGACTTCGTAAACCAGCCAGAGGTTTCTTGTGGTGACCAGATTACAGAATCAGGCCGAGCTGTGTACTCGCCCAACT
ACCCTGATGATTACAACTTGAATGAGAATTGCTTGACTTCTATCAGAAATGCAGACGGATGTATTAAGCTACAGTTCTTGGATGTTGATTTGCCTCCTAGAAACGGACAATGCTCGGATTTCGTTC
AGTTGATTGATTTGAATGAGATTGTGGTCAACACTGGCCCTGTGTGCGGACGGGAAATCCCCGCCGTTTTCTACTCCTTTACTGATCTGATGACGGTGCGATTTTATTCGGATGAGAACGGTCCA
ACAAACGGTGGTTTTAACGCTGTAGTCACCTTTGTAGATTGCTTCCCCGGTGTGTGGATCACGGGCCTATTTGGAGAGTGCTCTGCTACCTGTGGTGAGTCGTCTCGCACCCGAACCGTTGAAT
GCCGCAATCCTCGCTTGGACATTGCAGTGAATCCAGCTGAATGCCCACCGGAGAAACCTGACGAGCAAATCCCCTGTGATGTCCCTGAATGCCCAAGTTGTGATGTTGACGTGAATGAGCCTG
GTGAGATAGGGTCTCCTAACTCTCCAGGAAACTATGGTAATAACCAACGATGTGAGACCAACATTGTCAATCCCAATGGCTGTATTGCTATCACCTTCTTGGCGTTTGACCTACAGCCAGGCTTC
ACCCCTGGGGAGTGTGACACAGACTTTCTGGAGATCATTGATGTTGCCAGAGATGAACCCATCAAGTTATGTGGCTCGGGACTTCCGGAAACCTACCAGTCATTAGGCAGTAACATTCAGCTTG
TCTTCCAAACCGATGAATCAATTGTATCGACTGGCTACTATGCTTACGTCTCATTCATTCCGTGTCCTGTCAATGCCTACATTGTTGGCAACTGGAGTCAGTGCTCGGTAACCTGTGGTGCTGGT
ATCAGAACTCGAGACGTGCAGTGCATGGATCTCATTAACAACATCCCTGTGGAGGATTCACTCTGCGAAGGCGCAGAAAAACCTGCATCTGAAGAACCTTGTGTTGCTGAAGAGGAATGCCCAT
CTTGTGACGTGACTATCACTGAAAGTCTGATGTTTGTCACCAGTCCCGGCTTTCCTGATGAACCCTACGCTCCCAATCTAGAATGTCTTTACACTTTCTACTCGCCCAATCCAGAGCAGTGTGTC
CGTCTGACGATCATAGAGGCCTATCTAAATGGACCTGATAAGAACAATGTCTGCAGTCGTGATTATTTGGAGATCACCAGCCAATCAGGACAGCCTCCATTGCATTTCTGCCCGGAATCGGCCC
GTTCCATTCCCTGGTATTCCCGCGACAATACCGCTTTTGTCCGGTTCATTTCCGATAGTGAGGGCGCTAGTACAGGCTTCAACATCTACGCGGTCTTTGGCTCGTGTCCAGAGTACGACTTTGA
GGTGGGAGAGTTTAGTGAGTGCGATGCTCGTTGCGGAGGTGGCTTCAGGACAAGAACTGTGAGCTGTATCAGCCTAGCAGACGGCACGACAGTACCTGACGAGCTGTGCCGTAATCGACGCC
CTTTGGATAAAGTTGCTTGCAACACGGAACCATGCCCAGTTTGCGACGAAGCTTTCTTCCCAGGAGACTCTCTGATCATGAGTCCTGGCTTCTCTGGTGCTCCTGGCCAAGGCTATGAGACGGT
GTTGGACTGCACCTATAACATCACTAACCCAGATGGATGTCTGTTCCTGACCTTTCTCAGTTTTGAGCTTCAAGAATGCGCTGGTTGCTCATGCGACTCTCTCAGTATCATTGAAAACGGTGAAC
TAGCTCTTCCACCTCTCTGCGGCGTTCAGAACGATCGTACATGGGCTTCCATTTCTGGCCAGGTCATGTTGAAATTTGTTACTGATAATGCCGTCTCTGCACCTGGGTTTAACATCTACGTTGCT
TACATTGACTGCCCTGATGTGTACTACTACACTGGAGAGTATTCAGAGTGTGACGTGTCCTGTGGTGGAGGAACTCAGTCCCGTGAGGTGCAGTGTAGGAGTCGAACCACTGGCCAACAAGTT
GCAGAGTCCATGTGTGTTGGAATCAAACCTCCATCGACACGCATGTGTGGAATAGAACCATGTCCATTTTGTGATGAGTTGATCACCACTCCAAGCTTTATCTCCAGTCCTGAGTATCCAGCCAA
CTATCCCATCAGCATCAACTGCAACTATGCCATCCAAGCACCACCTAATCTGTGTGTTAGCATCAATTTCTTGGTCTTTGAACTTCAAGACGCTGAAGGTGATATGCCAAGAATCTGTCAAGATTA
CGTCCAGATTCGAGATCCAAGTGCTGCAAGTCTTGACCGTCGTTACTGTGGAGTCGCAGCTCCTAATGCCATTCAGTGGAGATCCCGCTCCGGTTTGGTCAGCGTAGACTTCTCATCTGATGAG
GAAGAGACTTTCCGAGGCTTCCGTGCTTATGTCAACTTTGTGGACTGCCCTCAATATGGATATGTTGTCACTGAATTTAGCATGTGTTCTCGGCCATGCGATGGTGGCATACAGACACGTGAGG
TGACGTGTCAAAATCTTGCAACTCAAGAGCCAGCCGACGAGACACGATGCGAGGATGAAAAACCACCGGAGAGTATTCCATGTAACCTCCAACCCTGCCCAGAGTGTGACGAGGATATCACTG
AGAATCGTCAGAGTGTCTACAGTTTGAATTTCCCACAGCCTTACTTTGAGTATTCTTGTAACTACATCTTCACTAACCCTGGTGGCTGTGTCGAGCTTCTCTTTGTGCAGTTTGAGATGCCGGAAC
CAAATGAAATGGGTATCTGTAATAAGGATTACCTCTTGGTTGAGGATATGAGTGACCGGCCCTTTTCGTATCGCATCTGCGGTCGCAGCATCCCCAACAGCGTCTTGTCACGTGGTCCAAGACT
AAACGTGACTCTGATCACGGATGGTAACCCAAGCACGTTTGGCGAAGGGTACCAGCTTTACAATCTCTTCACGAACAATTGTCCTGAGGTTGGCTACATCGCAGGAGAGTTTGGAGAGTGTGAC
CGGCAGTGTGGATTTGGCACACGGACACGTGAAGTCAACTGTGTGGATCTTCAGTCTGGAATTACTGTGGATGACACTCTGTGTACTGATATTAAACCACACGACATGGAATTCTGTAACACCC
AACCTTGCCCATCTTGTGACCAGGTCATAGACTCCTTCCCCGCTGCCTTGGAGAAACCTGATAATTTGGATCCTCAGCGTACATGTCGGTATGAAATCGACAGTGAGCGTTGCATCCGAGCAAC
GTTCCTTACATTCGACCTCCCAGGAGAAAATGGCATGTGTGGAGATACGTTCATCCAGTTGCAAGACAATGGAGCTGAGTTTTTGACGGAGCGAGTCTGTGGTGATGGACCTGTACCATCCTCC
ATTGCATCTCTCTATGCATGGCAATCCAGAACGTCCGATGTGGTCTTGACACTAAACAGTGGCGCTGGACTAACAGATGACGATCGCTTCCGAATCTTCCTGACAGAGACAGACTGTGCAGAGT
TTGGTTTTGTTGCCAGTGAATACGGCGAGTGTAGCAGAACATGTGGCAGTGGTGGAGTCCAGACTCGTACTGTTGAGTGCCAACGTTTAGCTGATAATTCACCAGTTGATGAAGCTATGTGTAC
AGATCCTAAACCGATGGCACTCCGGCCATGTGGACCTCAGCCACCATGCCCATCCTGTGATATGCTTGTTACTGATCCTGAGACGTTAATTCAAGGGCCACCACGCAATGGTAACTGGACCACT
AACGTCCGTTGTCAAATCACGGTGGAATTTGAGACTGCATGCGTTGTCATCTCGGGTTTACAAGTGATGCTGTCCAAACCAGATGTAAACAATACCTGTGTCAACAGCTCATTGACGTTCACTGA
TGCAACATATCCAGCCTACAGTCAAACTGTCTGTGGCTCATCGAGTGGTGGTGTATATCGAGCTCTAACAACTCGTTATCTTGTGGACTTCTACTCGGCTGACTACGAAAACTCTGGAGATTCCT
TTAGTCTGTTCGCCCAGGCTGCAGCATGCCCAATGATCGAGTACCAAACTGGTGAATATACACAGTGCTCAGTCAGTTGCGGTGGTGGAGTTCGAACCAGAGACGTCATTTGTGTGAGAGCAG
ATACAATGGAGGAGGTCCCCGAGGATGCTTGCGTAGGCCCTCGCCCAGCGGCTATCGAAGGATGTAATCTGGATGAATGCCCTCAAGAATGTGACAATGTTATCACTGTCAACACACCAGTGG
AGCCTTTAATGTCACCTGGTCGTCCAACATACGTCACCGATGCTGACTGTACCAATAACATCGTCAACTTGAGTGGTTGCATTGTCTTGTCATTCATATCTATGGATATCGAGGAAGGAACTATGC
CTGGTGTTTGTGATAAGGATTATCTTGAGATCATCGACACCACGTTTGACGAGTTGAATGTGCGGCTGTGTGGCAGCACCCTTCCTGCCACTTGGCGCTCCAAGTCTGGTGTCATCAGGACTCG
TTTTGTCTCAGACAGCGTGGATACCCAACAAGCTGGCTACACTATCATCTACACGTTGACTCCAGATTGCCCCACAGGATCCTATGTCCTGAGTGGCTTTACTGAGTGTTCTGCAAGCTGTGGTG
AAGCCACACGAACTGCCTCCAGCCTCAATTGTGTGCTTCCGGACTCGAGTGTCGTCAGCAACAGCAACTGTCCAGGCCAACCACCGTCACTTGTCCAGTCTTGCAACCTGGAACCATGCCCAG
AATTCTATTACTTCATCGGGGAGTACTCAGCTTGTTCGGTTGACTGTGGCAATGGTGTCCTGACGCGTGTGGTTGAGTGTCGACGTCTGGACAATGACACCGTTGTGGACGATGCCTTGTGTAC
AGAGTCCAAACCTGCTGAGTCTATGCCATGTAATCTGATGGAGTGCGACAACAATCTTATTGTTCTGTCCGAGACTTCCCAATCAAGGACTTTGGAGTTGGATGTAACTGGTACCATCCAAAGCC
CCAACTTCCCTGGTGCGTACCCCAACAACCTGAATGCCGAGATCATTCTGACTATCCCTGCTAACACGTTGTTGAGGGTCACCATTGATGCCTTGGATCTGGCCTTCGAAACCCCTTGTGTCAAT
GGGGACTTCCTTAGGCTTTCATCCAGTCCCACCACTGTCCTTCAGTTTTGTCAGAGCATGCAGCTTCCTGTTGATTGGTTTAGTGGTGCTGGTGATACACAAATCACTATCGCCATGACGACCAA
TGCGGCTAATACAGGAACGGGATTTATGGGAAGATGGTCTGTCATCATTCCACCAAAT
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ATGTACCATGACGGCGGATTAAGTGACTGTGCCAACAAGAAAAGCATTATGGCATCTGTCAACTCTGGAGGACCTGATGCTTTCCACTGGTCTAAATGCAGCAACAATGATCTCCTCGACTTCCT
AGATCGTGCAGAGTCTAAATGCCTGAAGAATAAGCCCAAATCTCTACCGGACTACACTCCTTCCTCCGTTCCGATGCCTGGTTTTTATTTCAATGCTACTGAGCAGTGTGCCATGACGTTTAATG
CGAAGAGCATTGTGGCTTCGGAGGTTTTGAACAAAAAGGAAATCTGCACAGCTCTGGTTTGCAAGAATGAAATGGGAGTGCTAGAATCTAGCAATGTTCCTCCCCTAGATGGAACCCGATGCGG
CACCAGGCGAGATATTTGCATCCATGGAGAATGTCTGAAGGTCTACAGCACTATGGATTGTGATGGTGGTCCATGCGTACCATTCTGGCTTCCAGGTAGTTTCACTTGTCAGAATTCTACCTCGT
GCGAGGCAACACGTTTAGTTCTGTGTGTTGAGGAACACGATGATGGAACGACTCGACGAGTTACAGAGCTTGAGCGTTGCCCAGCCGACATGCCGTCGCCCATGGGCATTTGCCCAGATGATC
CATGCAGGTTTGATTACGTAGCTGGAGACTTTGGTGACTGCTCAGTATCATGCGGAAATGGCATCCAATTCAGGGAAGTGACGTGCCAAGATCGCTCTCAAGAAACTGTGACTGTCCTTGACGA
TGCATTTTGTGCTCAGAGAAATAAGCCAACTACTGCACAAGTCTGTAATCTACCTGCCTGTCCAGTCACTACGTACAGCTATGCTGTAGGGCAATTCCAAGAGTGCTCAGTGACGTGCGGTGCC
GGAGTTCAGATCCGATCTGTGACTTGCCAGAACAACGCAGGTGAAACTGTTGCTGAAACATTCTGTACACAACTTGGTATTTCCAGACCTGCAACCACCCAGAACTGTGACACTCAAATCAGCT
GTGGTCTTCGCTATGTTGCTGGTCCTTACGACACGTGCTCAGTAACCTGTGGTGTGGGTGTCCGTACTCGCATGATCTACTGCGTTAATGGTGACAATCTGGTCGTAGCGCTCACACGATGCGA
GGAAGCGCAACTTGTACAACCGTCTCTTACTACAAGTTGTGAATTGGAAGCCTGCCCTGAACCCGTCTACACTGCACTTCGAGGCGAGTGGTCACAGTGTTCACTTACGTGCGGAGTGGGCAC
TGAGACCAGATTTGTGCAGTGTCGCGGTAACAATGTGGATGTAGACCTTCAATTCTGTATCAATGCTGGATTGACTGACTTGGATACATTGAGGGTGTGCACGCGGCCAACTTGCCAACCAGAG
TATCGGTTTGAACCTGGTGCTTACGGTGAGTGTTCAGTGACGTGTGGTGTAGGAGAACGTACCCGTGATGTCCAGTGCTTGAATCAGGATAACGTGGCAGTAGACATCAGCAACTGTCTGCTAA
TGGGTTTAACTCCGCCACCAAATACCATCGAGTGTGCTCTGGATGCCTGCCCAACATACATCTATCAAGTTGGTGAATTTGGTCCTTGCTCGGAGGACTGTGGTGATGGTCTACAGCTTCGTGC
AGTCACCTGCATTAATAACGACACCCAGGCAGTTGTAGCTGACAGTAACTGTCCTGGGGAAAAACCTGCCGAGACCCAGCCTTGTAACTTGATGCCTTGTGACACTATGCTTCAGTTTGTAACC
AGTCCCTTTGGTGCCTGTAACTGCAGTGGTCTGCAGACTCGTTTTGTTATCTGCATCCGCCGTGTGGGGACAACGTTAGATCAAGTCTCCACACAAAGTTGCTTAGTCGCGGGACTCCAGCCCC
CACCAACCACCCAGGCTTGTACTGCTCCATCAGACTGTGTCCAGCCTGATCCTGTATGGCAGACTACTGAATGGAGTCCGTGTCCAGTAACTTGTGGCATTGGTACCCAGACTCGTCTGGTTTA
CTGCATTGCACAGCCAGGATCAACAGTAACCGTTGATGACTCGATGTGTGTTCCAGGGGACAGACCACCAGATATGCAGGAATGTGACACTGAAGTAGTCTGCCCAACTGAGTACCTGTGGTT
GACCTACGGCTGGGGAGAATGTAGCGTGACATGCGGCGAAGGCTTTGAGACACGTGAAGTCTTCTGTTTTAGTCTTGGAGATAACATCCAACAGGTTGAGGACTCGTTCTGTAATGCTGGTGA
GAAACCCAGCACTGTACGGCCCTGTAGTCTACCTCCTTGCACAGCATCATGGACCACATCGGACTGGACCGAGTGTTCGGTGACTTGCGGTCCCGGCACAGAAACCCGTACCATATCCTGTCG
GCAAACTAAGGACCCTAGCAGTAACATTGTTGATGAATCGGAATGCGTTACCGAAGACCGTCCCTCTGAAGCTCGTCCTTGTTATCTATCGCCATGCCCACCTCCTTATGGCTGCGAGACTTCC
TATATGCTTGAAGGCACTGTACAGTATACAGAGAGCTCACCAGGGTTCACCAATGGACAGAATTACCCTAATGATTTAGATTGTTCCAAGGATTTCATTACTCAGAATAACCTCCAAGAAACTAGA
GTGAGACGTCAGATTAATGCAGATGGTCCGCAGCACTACATTCAGCTGACCTTCACGGCGTTTGACGTAGAACCATCTACCGACTGCACATTGGATTTTCTGGAGATTTCCGACAGCTTGTACA
ACACCTCAGAACGGCTATGTGGTAACTCTTATGAGCTGCCTTACGTCTGGCAGTCCCAGGGTCCACACATCAATCTGTACTTCCACACTGATGCCACCGTCACACGACCAGGCTACTCTTTCAT
CTATAATGCTGTGGAGATACAGCAACCAGCACGATATGAAGTCACAGAATGGTCCAAGTGCTCGGTGACATGTGGAAATGGTGTGGAGACACGGGATGTCTTGTGTATCCGTGGCAACGAGAC
TGTTGATGAGAGCGAGTGCAGCGGCCTGCAGAAACCAGTCAGCGTTCAACCGTGTGAGGAAGACGAATGTATTGAACCAACAGTTTGCAGCGGAGATCTCCTTCGCACGGAGAACAACGCCG
TCATCTTATCGCCCGATTTCCCTGCCTCCTACCCAAACAATGTCTCTTGTTCCAACATCATCCGTGCTCCGGAAGGATTGATTGTAGAGGTCTTTGTAACTTTCTTCACCCTCCGTCCTGAAGAAT
GCCGCGATAAGGTTTTGATGAAAGATGTGAATATTGACGGAGATCCTCTAGAGTTGTGTGGTAACCAAGCACCAGGGATTGTCTTTACATCCATTACCAACGAGGTGATAGTGCAGTTTCTGTCG
GCTGAGACGGGACCCATCGCACCTGCTGGATTTGGCTTCAGTCTCAGAGCTGACTTCGTAAACCAGCCAGAGGTTTCTTGTGGTGACCAGATTACAGAATCAGGCCGAGCTGTGTACTCGCCC
AACTACCCTGATGATTACAACTTGAATGAGAATTGCTTGACTTCTATCAGAAATGCAGACGGATGCATTAAGCTACAGTTCTTGGATGTTGATTTGCCTCCTAGAAACGGACAATGCTCGGATTTC
GTTCAGTTGATTGATTTGAATGAGATTGTGGTCAACACTGGCCCTGTGTGCGGACGGGAAATCCCCGCCGTTTTCTACTCCTTTACTGATCTGATGACGGTGCGATTTTATTCGGATGAGAACGG
TCCAACAAACGGTGGTTTTAACGCTGTAGTCACCTTTGTAGATTGCTTCCCCGGTGTGTGGATCACGGGCCTATTTGGAGAGTGCTCTGCTACCTGTGGTGAGTCGTCTCGCACCCGAACCGTT
GAATGCCGCAATCCTCGCTTGGACATTGCAGTGAATCCAGCTGAATGCCCACCGGAGAAACCTGACGAGCAAATCCCCTGTGATGTCCCTGAATGCCCAAGTTGTGATGTTGACGTGAATGAG
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CCTGGTGAGATAGGGTCTCCTAACTCTCCAGGAAACTATGGTAATAACCAACGATGTCAGACCAACATTGTCAATCCCAATGGCTGTATTGCTATCACCTTCTTGGCGTTTGACCTACAGCCAGG
CTTCACCCCTGGGGAGTGTGACACAGACTTTCTGGAGATCATTGATGTTGCCAGAGATGAACCCATCAAGTTATGTGGCTCGGGACTTCCGGAAACCTACCAGTCATTAGGCAGTAACATTCAG
CTTGTCTTCCAAACCGATGAATCGATTGTATCGACTGGCTACTATGCTTACGTCTCATTCATTCCGTGTCCTGTCAATGCCTACATTGTTGGCAACTGGAGTCAGTGCTCGGTAACCTGTGGTGC
TGGTATCAGAACTCGAGATGTGCAGTGCATGGATCTCATTAACAACATCCCTGTGGAGGATTCTCTCTGCGAAGGCGCAGAAAAACCTGCATCTGAAGAACCTTGTGTTGCTGAAGAGGAATGC
CCATCTTGTGACGTGACTATCACTGAAAGTCTGATGTTTGTCACCAGTCCCGGCTTTCCTGATGAACCCTACGCTCCCAATCTAGAATGTCTTTACACTTTCTACTCGCCCAATCCAGAGCAGTG
TGTCCGTCTGACGATCATAGAGGCCTATCTAAATGGACCTGATAAGAACAATGTCTGCAGTCGTGATTATTTGGAGATCACCAGCCAATCAGGACAGCCTCCATTGCATTTCTGCCCGGAATCG
GCCCGTTCCATTCCCTGGTATTCCCGCGACAATACCGCTTTTGTCCGGTTCATTTCCGATAGTGAGGGCGCTAGTACAGGCTTCAACATCTACGCGGTCTTTGGCTCGTGTCCAGAGTACGACT
TTGAGGTGGGAGAGTTTAGTGAGTGCGATGCTCGTTGCGGAGGTGGCTTCAGGACAAGAACTGTGAGCTGTATCAGCCTAGCAGACGGCACGACAGTACCTGACGAGCTGTGCCGTAATCGA
CGCCCTTTGGATAAAGTTGCTTGCAACACGGAACCATGCCCAGTTTGCGACGAAGCTTTCTTCCCAGGAGACTCTCTGATCATGAGTCCTGGCTTCTCTGGTGCTCCAGGCCAAGGCTACGAGA
CGGTGTTGGACTGCACCTATAACATCACTAACCCAGATGGATGTCTGTTCCTGACCTTTCTCAGTTTTGAGCTTCAAGAATGCGCTGGTTGCTCATGCGACTCTCTCAGTATCATTGAAAACGGT
GAACTAGCTCTTCCACCTCTCTGCGGCGTTCAGAACGATCGTACATGGGCTTCCATTTCTGGCCAGGTCATGTTGAAATTTGTTACTGATAATGCCGTCTCTGCACCTGGGTTTAACATCTACGT
TGCGTACATTGACTGCCCTGATGTGTACTACTACACTGGAGAGTATTCAGAGTGTGATGTGTCCTGTGGTGGAGGAACTCAGTCCCGTGAGGTGCAGTGTAGGAGTCGAACCACTGGCCAACA
AGTTGCAGAGTCCATGTGTGTTGGAATCAAACCTCCATCGACACGCATGTGTGGATTAGAACAATGTCCATTTTGTGATGAGTTGATCACCACTCCAAGCTTTATCTCCAGTCCTGAGTATCCAG
CCAACTATCCCATCAGCATCAACTGCAACTATGCCATCCAAGCACCACCTAATCTGTGTGTTAGCATCAATTTCTTGGTCTTTGAACTTCAAGACGCTGAAGGTGATATGCCAAGAATCTGTCAAG
ATTACGTCCAGATTCGAGATCCAAGTGCCGCAAGTCTTGACCGTCGTTACTGTGGAGTCGCAGCTCCTAATGCCATTCAGTGGAGATCCCGCTCCGGTTTGGTCAGCATAGACTTCTCATCTGA
TGAGGAAGAGACTTTCCGAGGCTTCCGTGCTTATGTCAACTTTGTGGACTGCCCTCAATATGGATACGTTGTCACTGAATTTAGCATGTGTTCTCGGCCATGCGATGGTGGCATACAGACACGT
GAGGTGACGTGTCAAAATCTTGCAACTCAAGAGCCAGCCGACGAGACACGATGCGAGGATGAAAAACCACCGGAGAGTATTCCATGTAACCTCCAACCCTGCCCAGAGTGTGACGAGGATATC
ACTGAGAATCGTCAGAGTGTCTACAGTTTGAATTTCCCACAGCCTTACTTTGAGTATTCTTGTAACTACATCTTCACTAACCCTGGTGGCTGTGTCGAGCTTCTCTTTGTGCAGTTTGAGATGCCG
GAACCAAATGAAATGGGTATCTGTAATAAGGATTACCTCTTGGTTGAGGATATGAGTGACCGGCCCTTTTCGTATCGCATCTGCGGTCGCAGCATCCCCAACAGCGTCTTGTCACGTGGTCCAA
GACTAAACGTGACTCTGATTACGGATGGTAACCCAAGCACGTTTGGTGAAGGGTACCAGCTTTACAATCTCTTCACGAACAATTGTCCTGAGGTTGGCTACATCGCAGGAGAGTTTGGAGAGTG
TGACCGGCAGTGTGGATTTGGCACACGGACACGTGAAGTCAACTGTGTGGATCTTCAGTCTGGAATTACTGTGGATGACACGCTGTGCACTGATATTAAACCACACGACATGGAATTCTGTAAC
ACCCAGCCTTGCCCATCTTGTGACCAGGTCATAGACTCCTTCCCCGCTGCCTTGGAGAAACCTGATAATTTGGATCCTCAGCGTACATGTCGGTATGAAATCGACAGCGAGCGTTGCATCCGAG
CAACGTTCCTTACATTCGACCTCCCGGGAGAAAATGGCATGTGTGGAGATACGTTCATCCAGTTGCAAGACGATGGAGCCGAGTTTTTGACGGAGCGAGTCTGTGGTGATGGACCTGTACCAT
CCTCCATTGCATCTCTCTATGCATGGCAATCCAGAACGTCCGATGTGGTCTTGACACTAAACAGTGGCGCTGGACTAACAGATGACGATCGCTTCCGAATCTTCCTGACAGAGACAGACTGTGC
AGAGTTTGGTTTTGTTGCCAGTGAATACGGCGAGTGTAGCAGAACATGTGGCAGTGGTGGAGTCCAGACTCGTACTGTCGAGTGCCAACGTTTAGCTGATAATTCACCAGTTGATGAAGCTATG
TGTACAGATCCTAAACCGATGGCACTCCGGCCATGTGGACCTCAGCCACCATGCCCATCCTGTGATATGCTTGTTACTGATCCTGAGACGTTAATTCAAGGGCCACCACGCAATGGTAACTGGA
CCACTAACGTCCGTTGTCAAATCACGGTGGAATTTGAGACTGCATGCGTTGTCATCTCGGGTTTACAAGTGATGCTGTCCAAACCAGATGTAAACAATACCTGTGTCAACAGCTCATTGACGTTC
ACTGATGCAACATATCCAGCCTACAGTCAAACTGTCTGTGGCTCATCGAGTGGTGGTGTATATCGAGCTCTAACAACTCGTTATCTTGTGGACTTCTACTCGGCTGACTATGAAAACTCTGGGGA
TTCCTTTAGTCTGTTCGCCCAGGCTGCAGCATGCCCAATGATCGAGTACCAAACTGGTGAATATACACAGTGCTCAGTCAGTTGCGGTGGTGGAGTTCGAACCAGAGACGTCATTTGTGTGAGA
GCAGATACAATGGAGGAGGTCCCCGAGGATGCTTGCGTAGGCCCTCGCCCAGCGGCTATCGAAGGATGTAATCTGGATGAATGCCCTCAAGAATGTGACAATGTTATCACTGTGAACACACCA
GTGGAGCCTTTAATGTCACCTGGTCGTCCAACATACGTCACCGATGCTGACTGTACCAATAACATCGTCAACTTGAGTGGTTGCATTGTCTTGTCATTCATATCTATGGATATCGAGGAAGGAAC
TATGCCTGGTGTTTGTGATAAGGATTATCTTGAGATCATCGACACCACGTTTGACGAGTTGAATGTGCGGCTGTGTGGCAGCACCCTTCCTGCCACTTGGCGCTCCAAGTCTGGTGTCATCAGG
ACTCGTTTTGTCTCAGACAGCGTGGATACCCAACAAGCTGGCTACACTATCATCTACACGTTGACTCCAGATTGCCCCACAGGATCCTATGTCCTGAGTGGCTTTACTGAGTGTTCTGCAAGCTG
TGGTGAAGCCACACGAACCGCCTCCAGCCTCAACTGTGTGCTTCCGGACTCGAGTGTCGTCAGCAACAGCAACTGTCCAGGCCAACCACCGTCACTTGTCCAGTCTTGCAACCTGGAACCATG
CCCAGAATTCTATTACTTCATCGGGGAGTACTCAGCTTGTTCGGTTGACTGTGGCAATGGTGTCCTGACGCGTGTGGTTGAGTGTCGACGTCTGGACAATGACACCGTTGTGGATGATGCCTTG
TGTACAGAGTCCAAACCTGCTGAGTCTATGCCATGTAATCTGATGGAGTGCGACAACAATCTTATTGTTCTGTCCGAGACTTCCCAATCAAGGACTTTGGAGTTGGATGTAACTGGTACCATCCA
AAGCCCCAACTTCCCTGGTGCGTACCCCAACAACCTGAATGCCGAGATCATTCTGACTATCCCTGCTAACACGTTGTTGAGGGTCACCATTGATGCCTTGGATCTGGCCTTCGAAACCCCTTGT
GTCAATGGGGACTTCCTTAGGCTTTCATCCAGTCCCACCACTGTCCTTCAGTTTTGTCAGAGCATGCAGCTTCCTGTTGATTGGTTTAGTGGTGCTGGTGATACAGAAATCACTATCGCCATGAC
GACCAATGCGGCTAATACAGGAACGGGATTTATGGGAAGATGGTCTGTCATCATTCCACCAAAT

B) EBRZ1 Cryptasterina reference alignment with Acanthaster cf solaris

>EBR1|Acanthaster-okiloki.23.112.t1

MTPKMLGLAALVAALFYLACSTS-
AKPLTQGLELSSADRLHYFGQTEAQDYELVSPRVAQRRRRATRGKHIETTKIVAFQAFGEDVLADLKPVQGLIDAGTLVHEIGEDGKTVLGQPEEYCLYQGTSVSHENSAVYGSDCGNKLEATVTTDKY
SLHLQPLKPEHVEKDGPTHMVVRRSINREACNMNAERNFDTLQTRRKRSTTDPIYVDTSVVADDLVYKTYRNNTKNYILTVLNQVAGLLKDPSLDVKVNLKINNIKILKTPQADLPLSEELENSLRNFCDW
QKRSDSDISILITRHDLVSAGNRKITGKAADVGGACDPNRRCLIGQDHGPSGLIFTLAHEIGHSLGMYHDGGLSDCANRKNIMASYNSGGPDAFHWSECSNSDLLNFLAHPESKCLKDKPKSLPEYTDSS
IPMPGFYYNASQQCALTFNENSAVASEVLNKPEICQALVCKNGKGVPDSTNVPPLDGTRCGTKRDICIQGSCLKVYSTFDCEGGPCIPFWLASNFVCTDPVNCTATRSVLCVEEHDDGTTRRVADTSRC
PTEIPSTTGVCPDNPCRYTFVEGEFSECPVSCGTGIQIRSVVCQDQLEG--VVVEDLLCTQ-
TRPSTTQLCNAGQCPTINVEYVMGEFQPCSVTCGTGVQVRSVECRDNEGNQVAESFCLDAGLSRPSSTQACDTGVSCGLRYVAGPYGQCSVSCGIGIRTRMIYCVNDNNLVVAITRCQDASLEVPTTD
TTCELEACPTPVYTVVRGAFGQCSVSCGSGTESRLVVCLNNNVQVDMQNCIDAGLTDLGTQRNCTLPACQPDYRFQMGPYGECSVTCGEGQRFRDVQCLDQNDQVVDVTNCLSFGLIPPESTIVCSL
DDCPTYVYQVGEFGPCSETCGNGVQIRTVVCINNDTRVEVADSICSGEKPATTQPCNLTPCISLLQFVSSPFSACNCSGLQTRLVVCIRRSGNILEQVPVQACLDDGLDPLPTSQECTPPSTCVQLNPYV
WQTTEWNGCSVTCGVGTQGRLVYCIEAPGSTNIVDESECIAEDRPPASQECDTQVECPTAYLWLTYDWGPCSVTCGLGFESRDVFCFNLGDNFVQVEDSLCNAGEKPPTVRPCSLDPCSASWTTSD
W
ETTYMLEGTVQYTDSSPGFANGQNYPNDLDCDKAFVADIPATEGRRRRRETETETPQYYIRLTFTAFDVEPSPDCSFDYLEITDVRYNTSERLCGNSYELPLVWTSVGPDVNMFFHTDATVTRPGYSLIY
SAVEKEDPARYVFSEWSECSVTCGEGVQTREVTCVRGNQTVDDIECSGLERPASTQPCEEEECVEPSVCSGDLIRTEDNSFILSPDFPSSYPNNVSCFNVVRAPEGMVVQLTTTFFNLRPSADCEDRV
LIKDVNSDGDPLQLCGTQAPGVIFTSITNEIAITFISAETGPISPNGFGFTLQANFINEQGSPCGQEITTSGQAVYSPNYPDNYDSNQNCLTVIRNDNGCIQLRFLDVDLPPFDGQCSDFVQLVDLNLVNVNT
GPICGQEIPSVFYSATGLLTVRFFSDENGPTRRGYNAVARFVECTAGLWFTGPYGECSATCGESYRTRTVVCQDPRTMDELDPSMCPLEVPESTIDCEVEECPSCDVEITAPGDVSAPISPGDLN----
CVANIANPEGCVTINFLGLDLVPDL-
PGTCETDYLEIIDAARQEPIKMCGSMTLEVYQSLSGNVQLIFQRSSSLSMISYFAYVSFNACPVNAYITGNWSECSVTCGSGVRTRDVQCMDLINNVPVEDALCQG-
ERPPSEETCDTGVECPSCDMDIDINEGMFVTSPGFP-
EGYTPNLNCLYNFDSPLVTECIRLTILEVELGGSGEDDLCSADYVELSGPAEQAPIRICPESGRSISWYSRSNQATLRFVTDEEGSNSGFNVYIVNDNCIEYDYDVGPFGPCNVRCGGGVRTRDVTCIKL
DDQSPAADELCRNPAPLSSMPCNTEPCPVCDETLLPGNELITSPGFSSAPGRGYESLLDCTYNVTNPEGCLFLTFLSFELQDCSDCTCDSLSIYENGELALEPLCGDQTGLTWGSSDSNAILEFRTDNAV
SAPGFNIYVAYVECPDVYFYTGEYSECDVTCGGGTQTREVSCRSRTTGLEVEEAMCTSTRPPSSKSCAEQSCPFCDEVITTPSFVASPDYPASYPVSINCNYDIQAPLASCISITFVVFDLQEAEGD-
PAVCSDFVEISDTRTPLLDRQYCGAAGPNEIQWNSYYGNAQIRFHSDEEDTSQGFRAYVGFVSCPDFGYMATEFGECSRPCGGGVQTRIVTCVRFATLQEVDDSNCADERPIESRPCNLEECPECDQ
AVLQTRQSVSSLNFPQPYFEYSCNYLFINPGGCVELLFVQLEMPEANAGGVCDTDYLLVEDLSSRPFSYRICGREIPGSITSRGETLNVTLVTDGNPATFGEGYQLYNLFTNDCPQVGFVTGEFGECDR
QCGFGQRTREVTCVDLQSGIEVDENLCTDRKPASTEFCNTQPCPSCDRTIDSFPQALDSPMDLDLQRTCRYTLDSERCIRATFLQFDFPGENGMCGDTFVELRDEGANYLTERFCGDGPGATSGQTLY
AWESRTEDVVLTLNSGSSLTTDNSFRIFLSQLDCPEFAFVTGEFGECSVTCGDGGTRTRTVQCRRLVDGIAVIPTFCTDPEPSTTEPCGPQPPCPSCDMTVTDGEALIQGPPRDGNWTTDVNCRITVEF
ESSCVVISALELSLSEPDVNGNCVDSSLTFSDGTFPNYTQTVCG-
SPGGIYRALTNRFVVDFFSADYENSGDRYSLFVQEATCPNIIWDIRPGGQCSVSCGGGIQTREVVCLRTDTLELLPPEACPAPRPPTEVPCNVEECPKECDNVITANTPVTVLSSPGRPTYVTDADCLNNI
VNLSGCITLSFLSMDIEGGTTDDVCDKDYLEIIDSSFPELNVRLCGSTLPTTSWRSKSGLVRTRFVSDSVDTLQSGYSLTYILETECPTGMYVLSNFSECSATCGTGIRTAEALQCLLPNMTEGTFNDCPG
LPPSGIEECNTDPCPEFYFFTGNFDSCPVTCGIGVMTRVVECRRVDNDTVVDDSMCTEPKPDVTRNCALGSCPTNSLDVSEPAQSYSLNLDDSGTIRSPNYPSQYPNSFNGQLLLSIPAGSTLEIVVNTL
DIVFETPCSDGDSLMFQSGTANVLQICSNSLGIPFSWYSQTGDTSIVVTFTTSATNAGTGFSADYRVFQQ--

>EBR1|Cryptasterina_reference|TRINITY_DN64720_c3_g1_il
MKGYRLVWEGLLLSALKPHLGSFERLGRVLKVGAGLFPSNTEMSSTVHSVASLALVLCYVAISSSNAKPLTQSLELSAEDRLHYFGQSEVQEFELVSPQVSQRRRRAARGKHIE-
AKTVAFEAFGERFDIALEPKEGLVDAGTLVHEVGKDGKTVLGQPTEYCLYVGKSLQHKDSMVSASDCLNEVEASIATGKAAFKLQPLKTEHKEKDGHTHIFMRRSVNTEACNMNAERSFESTLSRRKRS
TIEPIYIEASVVADDLMYKTYGNETKNYLLTILNQVAGLLKDPSLDGEVNLKISNIKIINTPQTDLSLSEDLEKSLKSFCSWQKKSDADISILITRHDLISGGNHKVTGKAADVGGACDPKRRCLIGQDHGPSGL
IFTLAHEIGHSLGMYHDGGLSDCANKKSIMASYNSGGPDAFHWSKCSNNDLLNFLDRAESKCLKNKPKSLPDYTPSSVPMPGFYFNATEQCAMTFNAKSIVASEVLNKKEICTALVCKNEMGVLESSNV
PPLDGTRCGTRRDICIHGECLKVYSTMDCDGGPCVPFWLPGSFTCQNSTSCEATRLVLCVEEHDDGTTRRVTELERCPADMPSPMGVCPDDPCRFDYVAGDFGDCSVSCGNGIQFREVTCQDRSQE
TVTVLDDAFCAQRNKPTTAQVCNLPACPVTTYSYAVGQFQECSVTCGAGVQIRSVTCQNNAGETVAETFCTQLGISRPATTQNCDTQISCGLRYVAGPYDTCSVTCGVGVRTRMIYCVNGDNLVVALT
RCEEAQLVQPSLTTSCELEACPEPVYTALRGEWSQCSLTCGVGTETRFVQCRSNNVDVDLQFCINAGLTDLDTLRVCTRPTCQPEYRFEPGAYGECSVTCGVGERTRDVQCLNQDNVAVDISNCLLM
GLTPPPSTIECALDACPTYIYQVGEFGPCSEDCGDGLQLRAVTCINNDTQAVVADSNCPGEKPAETQPCNLMPCDTMLQFVTSPFGACNCSGLQTRFVICIRRVGTTLDQVSTQSCLVAGLQPPPTTQA
CTAPSDCVQPDPVWQTTEWSPCPVTCGIGTQTRLVYCIAQPGSTVTVDDSMCVPGDRPPDMQECDTEVVCPTEYLWLTYGWGECSVTCGEGFETREVFCFSLGDNIQQVEDSFCNAGEKPSTVRPC
SLPPCTASWTTSDWTECSVTCGPGTETRTISCRQTKDPSSNIVDESECVTEDRPSEARPCYLSPCPPPYGCETSYMLEGTVQYTESSPGFTNGQNYPNDLDCSKDFITQNNLQE-
TRVRRQINADGPQHYIQLTFTAFDVEPSTDCTLDFLEISDSLYNTSERLCGNSYELPYVWQSQGPHINLYFHTDATVTRPGYSFIYNAVEIQQPARYEVTEWSECSVTCGNGVETRDVLCIRGNETVDES
ECSGLQKPVSVQPCEEDECIEPTVCSGDLLRTENNAVILSPDFPASYPNNVSCSNIIRAPEGLIVEVFVTFFTLRPE-
ECRDKVLMKDVNIDGDPLELCGNQAPGIVFTSITNEVIVQFLSAETGPIAPAGFGFSLRADFVNQPEVSCGDQITESGRAVYSPNYPDDYNLNENCLTSIRNADGCIKLQFLDVDLPPRNGQCSDFVQLID
LNEIVVNTGPVCGREIPAVFYSFTDLMTVRFYSDENGPTNGGFNAVVTFVDCFPGVWITGLFGECSATCGESSRTRTVECRNPRLDIAVNPAECPPEKPDEQIPCDVPECPSCDVDVNEPGEIGSPNSP
GNYGNNQRCQTNIVNPNGCIAITFLAFDLQPGFTPGECDTDFLEIIDVARDEPIKLCGSGLPETYQSLGSNIQLVFQTDESIVSTGYYAYVSFIPCPVNAYIVGNWSQCSVTCGAGIRTRDVQCMDLINNIPV
EDSLCEGAEKPASEEPCVAEEECPSCDVTIT-
ESLMFVTSPGFPDEPYAPNLECLYTFYSPNPEQCVRLTIEAYLNGPDKNNVCSRDYLEITSQSGQPPLHFCPESARSIPWYSRDNTAFVRFISDSEGASTGFNIYAVFGSCPEYDFEVGEFSECDARCG
GGFRTRTVSCISLADGTTVPDELCRNRRPLDKVACNTEPCPVCDEAFFPGDSLIMSPGFSGAPGQGYETVLDCTYNITNPDGCLFLTFLSFELQECAGCSCDSLSIIENGELALPPLCGVQNDRTWASIS
GQVMLKFVTDNAVSAPGFNIYVAYIDCPDVYYYTGEYSECDVSCGGGTQSREVQCRSRTTGQQVAESMCVGIKPPSTRMCGIEPCPFCDELITTPSFISSPEYPANYPISINCNYAIQAPPNLCVSINFLV
FELQDAEGDMPRICQDYVQIRDPSAASLDRRYCGVAAPNAIQWRSRSGLVSVDFSSDEEETFRGFRAYVNFVDCPQYGYVVTEFSMCSRPCDGGIQTREVTCQNLATQEPADETRCEDEKPPESIPC
NLQPCPECDEDITENRQSVYSLNFPQPYFEYSCNYIFTNPGGCVELLFVQFEMPEPNEMGICNKDYLLVEDMSDRPFSYRICGRSIPNSVLSRGPRLNVTLITDGNPSTFGEGYQLYNLFTNNCPEVGY!I
AGEFGECDRQCGFGTRTREVNCVDLQSGITVDDTLCTDIKPHDMEFCNTQPCPSCDQVIDSFPAALEKPDNLDPQRTCRYEIDSERCIRATFLTFDLPGENGMCGDTFIQLQDNGAEFLTERVCGDGPV
PSSIASLYAWQSRTSDVVLTLNSGAGLTDDDRFRIFLTETDCAEFGFVASEYGECSRTCGSGGVQTRTVECQRLADNSPVDEAMCTDPKPMALRPCGPQPPCPSCDMLVTDPETLIQGPPRNGNWTT
NVRCQITVEFETACVVISGLQVMLSKPDVNNTCVNSSLTFTDATYPAYSQTVCGSSSGGVYRALTTRYLVDFYSADYENSGDSFSLFAQAAACPMIEYQTGEYTQCSVSCGGGVRTRDVICVRADTME
EVPEDACVGPRPAAIEGCNLDECPQECDNVITVNTPVEPLMSPGRPTYVTDADCTNNIVNLSGCIVLSFISMDIEEGTMPGVCDKDYLEIIDTTFDELNVRLCGSTLPAT-
WRSKSGVIRTRFVSDSVDTQQAGYTIIYTLTPDCPTGSYVLSGFTECSASCGEATRTASSLNCVLPDSSVVSNSNCPGQPPSLVQSCNLEPCPEFYYFIGEYSACSVDCGNGVLTRVVECRRLDNDTVV
DDALCTESKPAESMPCNLMECDNNLIVLSETSQSRTLELDVTGTIQSPNFPGAYPNNLNAEIILTIPANTLLRVTIDALDLAFETPCVNGDFLRLSSSPTTVLQFC-
QSMQLPVDWFSGAGDTEITIAMTTNAANTGTGFMGRWSVIIPPN
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C) OBil Cryptasterina alignment of individuals

>OBil|Cryptasterina_hystera_1_allele1|TRINITY_DN15863_c10_g1_il
ATGGCTGTGGTCGGTTTTGATATCGGAAATAGCTCCTGTTATATCGCCGTGGCCAGGGGTGGTGGAATCGAAACGATAGCGAACGAGTACAGCGACCGACTTACGCCGACAATAGTAAGTTTC
GGCGAGAAGACAAGAATACTGGGATCTGCAGCAAAGAATCAGGTGATATCTAACTATAAGAACACAGTGGTTAGTTTTAAGCGATTGTTGGGACGGCAGTATGACGATCCTCATTTGCAAGATG
AATTACCGAGAATACTCAACGAGAAAGTCAAGAGACCAGATGGAGGAGTTGGTATTAAGGTTCAATACATGAATGAGAAAGAGATGTTTACACCAGAGCAAGTGTACGCCATGCTACTGACGAA
GCTCCGAATGACTGCCGAGGAAAATCTCCAAACTAAAGTAGTCGACTGCGTCATATCAGTCCCCCAGTATTTTACGGATATCGAGAGGAAAAGTGTTCTGAATGCAGCGACTATAGCTGGTCTA
AATTGCCTGAGATTAATCAACGATACTACTTCCGCCGCCCTAGCTTACGGTATCTACAAGCAAGACCTTCCTGCACCAGAGGAGAAACCCAGAGTTGTGGTATTTGTGGATATGGGCCAGTCAT
CATTACAAGTTGCCGTATCGGCGTTCAACAAGGGAAAGCTAAAAATTCTCAACGTGGCCAGCGACCCCAATCTCGGCGGCCGAGATTTCGACCGGGTCTTGGCCGAGCATTTTGCCGAGGAGT
TTAAGACCAAATACCGCATTGACATCAAGTCCAGTGCCCGGGCCTACCTGCGACTGACACAAGAGTGCGAGAAACTCAAAAAACTGATGAGCTCGAACGCGACGGAACTGCCCATGAACATTG
AAAGCATTATGGACGACAAGGATGTGACTGGACGCATGAAGAGAGCTGATTTTGAGACCCTTGCAGCCCATTTATTGAAGAGAGTGGAGGCCACGCTTAAGTCAGTTCAGTCTCAGCTCAAGCT
TAAACCAGATGAGTTGTATGCCGTGGAGATCATCGGCGGCTCCACTCGGATCCCGGCTGTCAAGGACCTTATCAAGAAGGTTTTCAAGAAAGACCCTAGCACCACCCTGAACCAGGACGAGGC
CGTGGCCAGGGGTTGCGCCCTCCAATGCGCCATCCTGTCCCCGACGTTCAGAGTGCGCGAGTTTAACGTGACCGACGTGACGCCATACTCCATCAGTTTACTGTGGAAGGCTACAGAAGAGG
AGGATGGTGAGATGGAAGTGTTCCCTCCTAACCACCAGGTCCCTTTCTCCAAGATGTTGACTTTCTATCGTAAGGAACCATTTGAGCTGTGCGCCAAGTACACAAATATGGAGAAAATCCCCCAC
TCGGATCCCTTCATAGGTCGGTTTCAGATCAAGAACATCAAGCCCACGGCGGAGGGGGAGAGTTCAAAGGTCAAAGTCAAGGTTCGCATCAATGGCCACGGCATCTTCAAGGTCTCGACGGCC
TCCATGATGGAGAAGATCCCTCCCCAGCCAGAGCAGAACGACAAGGATGCAACCGAGAAGCCTGAGGAAGACAAGGCTGTCAACGATGCCGATGCGGTTCCCATGGAAACGGAGGAACGGC
CCAGTGAGAACCCAGAGCCAGGGGCAGGGCAGGATGACAAGAAAGAAAATGGAGAGATGGAAACTAGCGAGTCTTCTCAGACTAACGAGAAGAAAACTGACTCCAATGGCTCGGATACAGCG
GATACAGGCAGCAAGGGGGAGCCCAAGAAAGTCAAGAAGACCGTGCGTTACATAGACCTTCCTGTAGAAGAAATCACCCATGGGTTCAAGCCAAAAGACATCAGCGACTTTGCTGAGAGAGAG
GGTCAGATGATTGCACAGGACAAGCTGGAGAGAGAAAGGAGCGACGCCAGAAACAGCGTAGAGGAATACGTCTACGACATGAAGGATAAACTGTACACCCAACTAGAACAGTTCATCTCGTCA
TCGGATCGGGAGGCATTTATCAGTCTTCTGGACAAGACAGAAAACTGGCTGTACGAAGAAGGCGAAGACGAAAAGAAGAGTGTTTATATTGACAAACTGGCTAAACTCAAGAAAAGCGGCGACC
CTGTGGTTGAACGTTACAAGGAATCTCTGGAGCGACCTGGGGCGTTTGAGGAGCTTGGGGCATGCTTACAGCGCTACAAGAAAGCACTGATGCAGTACAGTGAAGGGGATGAGAAATACTCCC
ACATCGAGAAGGCAGAGATGGATAAGGTCCAGATGCTAACGGCTGAAAAGGAGTCCTGGCGAGACAGTAAGCTGAATGCTCAGAACCAACTCGCCCCTCACAACAAACCCATCGTATTGGTCA
AGGATATACGGGCTGAAACTGCTTCTCTGAAAGCCAACTGCGACAAGATCCTGAACACGCCCAAGCCCAAACCCAAGGAAGAACCGCCCAAGGACGAACCGCCCAAAGAAGGCAACGGGGCC
TCTGCGCCCACCGACACCAAGACCGAAGAGAGCATGGAGACTGAGGAACCAGTAACGGAGGGCAGAGACCAGCCCAGTCAAGAAGGGGGAGGCAGCAGTGGCAGCGTTGATGCAGACATG
GAACTGGAC

>OBil|Cryptasterina_hystera_1_allele2| TRINITY_DN15863_c10_g1_il
ATGGCTGTGGTCGGTTTTGATATCGGAAATAGCTCCTGTTATATCGCCGTGGCCAGGGGTGGTGGAATCGAAACGATAGCGAACGAGTACAGCGACCGACTTACGCCGACAATAGTAAGTTTC
GGCGAGAAGACAAGAATACTGGGATCTGCAGCAAAGAATCAGGTGATATCTAACTATAAGAACACAGTGGTTAGTTTTAAGCGATTGTTGGGACGGCAGTATGACGATCCTCATTTGCAAGATG
AATTACCGAGAATACTCAACGAGAAAGTCAAGAGACCAGATGGAGGAGTTGGTATTAAGGTTCAATACATGAATGAGAAAGAGATGTTTACACCAGAGCAAGTGTACGCCATGCTACTGACGAA
GCTCCGAATGACTGCCGAGGAAAATCTCCAAACTAAAGTAGTCGACTGCGTCATATCAGTCCCCCAGTATTTTACGGATATCGAGAGGAAAAGTGTTCTGAATGCAGCGACTATAGCTGGTCTA
AATTGCCTGAGATTAATCAACGATACTACTTCCGCCGCCCTAGCTTACGGTATCTACAAGCAAGACCTTCCTGCACCAGAGGAGAAACCCAGAGTTGTGGTATTTGTGGATATGGGCCAGTCAT
CATTACAAGTTGCCGTATCGGCGTTCAACAAGGGAAAGCTAAAAATTCTCAACGTGGCCAGCGACCCCAATCTCGGCGGCCGAGATTTCGACCGGGTCTTGGCCGAGCATTTTGCCGAGGAGT
TTAAGACCAAATACCGCATTGACATCAAGTCCAGTGCCCGGGCCTACCTGCGACTGACACAAGAGTGCGAGAAACTCAAAAAACTGATGAGCTCGAACGCGACGGAACTGCCCATGAACATTG
AAAGCATTATGGACGACAAGGATGTGACTGGACGCATGAAGAGAGCTGATTTTGAGACCCTTGCAGCCCATTTATTGAAGAGAGTGGAGGCCACGCTTAAGTCAGTTCAGTCTCAGCTCAAGCT
TAAACCAGATGAGTTGTATGCCGTGGAGATCATCGGCGGCTCCACTCGGATCCCGGCTGTCAAGGACCTTATCAAGAAGGTTTTCAAGAAAGACCCTAGCACCACCCTGAACCAGGACGAGGC
CGTGGCCAGGGGTTGCGCCCTCCAATGCGCCATCCTGTCCCCGACGTTCAGAGTGCGCGAGTTTAACGTGACCGACGTGACGCCATACTCCATCAGTTTACTGTGGAAGGCTACAGAAGAGG
AGGATGGTGAGATGGAAGTGTTCCCTCCTAACCACCAGGTCCCTTTCTCCAAGATGTTGACTTTCTATCGTAAGGAACCATTTGAGCTGTGCGCCAAGTACACAAATATGGAGAAAATCCCCCAC
TCGGATCCCTTCATAGGTCGGTTTCAGATCAAGAACATCAAGCCCACGGCGGAGGGGGAGAGTTCAAAGGTCAAAGTCAAGGTTCGCATCAATGGCCACGGCATCTTCAAGGTCTCGACGGCC
TCCATGATGGAGAAGATCCCTCCCCAGCCAGAGCAGAACGACAAGGATGCAACCGAGAAGCCTGAGGAAGACAAGGCTGTCAACGATGCCGATGCGGTTCCCATGGAAACGGAGGAACGGC
CCAGTGAGAACCCAGAGCCAGGGGCAGGGCAGGATGACAAGAAAGAAAATGGAGAGATGGAAACTAGCGAGTCTTCTCAGACTAACGAGAAGAAAACTGACTCCAATGGCTCGGATACAGCG
GATACAGGCAGCAAGGGGGAGCCCAAGAAAGTCAAGAAGACCGTGCGTTACATAGACCTTCCTGTAGAAGAAATCACCCATGGGTTCAAGCCAAAAGACATCAGCGACTTTGCTGAGAGAGAG
GGTCAGATGATTGCACAGGACAAGCTGGAGAGAGAAAGGAGCGACGCCAGAAACAGCGTAGAGGAATACGTCTACGACATGAAGGATAAACTGTACACCCAACTAGAACAGTTCATCTCGTCA
TCGGATCGGGAGGCATTTATCAGTCTTCTGGACAAGACAGAAAACTGGCTGTACGAAGAAGGCGAAGACGAAAAGAAGAGTGTTTATATTGACAAACTGGCTAAACTCAAGAAAAGCGGCGACC
CTGTGGTTGAACGTTACAAGGAATCTCTGGAGCGACCTGGGGCGTTTGAGGAGCTTGGGGCATGCTTACAGCGCTACAAGAAAGCACTGATGCAGTACAGTGAAGGGGATGAGAAATACTCCC
ACATCGAGAAGGCAGAGATGGATAAGGTCCAGATGCTAACGGCTGAAAAGGAGTCCTGGCGAGACAGTAAGCTGAATGCTCAGAACCAACTCGCCCCTCACAACAAACCCATCGTATTGGTCA
AGGATATACGGGCTGAAACTGCTTCTCTGAAAGCCAACTGCGACAAGATCCTGAACACGCCCAAGCCCAAACCCAAGGAAGAACCGCCCAAGGACGAACCGCCCAAAGAAGGCAACGGGGCC
TCTGCGCCCACCGACACCAAGACCGAAGAGAGCATGGAGACTGAGGAACCAGTAACGGAGGGCAGAGACCAGCCCAGTCAAGAAGGGGGAGGCAGCAGTGGCAGCGTTGATGCAGACATG
GAACTGGAC

>OBil|Cryptasterina_hystera_2_allele1|TRINITY_DN16719_c11_g2_il
ATGGCTGTGGTCGGTTTTGATATCGGAAATAGCTCCTGTTATATCGCCGTGGCCAGGGGTGGTGGAATCGAAACGATAGCGAACGAGTACAGCGACCGACTTACGCCGACAATAGTAAGTTTC
GGCGAGAAGACAAGAATACTGGGATCTGCAGCAAAGAATCAGGTGATATCTAACTATAAGAACACAGTGGTTAGTTTTAAGCGATTGTTGGGACGGCAGTATGACGATCCTCATTTGCAAGATG
AATTACCGAGAATACTCAACGAGAAAGTCAAGAGACCAGATGGAGGAGTTGGTATTAAGGTTCAATACATGAATGAGAAAGAGATGTTTACACCAGAGCAAGTGTACGCCATGCTACTGACGAA
GCTCCGAATGACTGCCGAGGAAAATCTCCAAACTAAAGTAGTCGACTGCGTCATATCAGTCCCCCAGTATTTTACGGATATCGAGAGGAAAAGTGTTCTGAATGCAGCGACTATAGCTGGTCTA
AATTGCCTGAGATTAATCAACGATACTACTTCCGCCGCCCTAGCTTACGGTATCTACAAGCAAGACCTTCCTGCACCAGAGGAGAAACCCAGAGTTGTGGTATTTGTGGATATGGGCCAGTCAT
CATTACAAGTTGCCGTATCGGCGTTCAACAAGGGAAAGCTAAAAATTCTCAACGTGGCCAGCGACCCCAATCTCGGCGGCCGAGATTTCGACCGGGTCTTGGCCGAGCATTTTGCCGAGGAGT
TTAAGACCAAATACCGCATTGACATCAAGTCCAGTGCCCGGGCCTACCTGCGACTGACACAAGAGTGCGAGAAACTCAAAAAACTGATGAGCTCGAACGCGACGGAACTGCCCATGAACATTG
AAAGCATTATGGACGACAAGGATGTGACTGGACGCATGAAGAGAGCTGATTTTGAGACCCTTGCAGCCCATTTATTGAAGAGAGTGGAGGCCACGCTTAAGTCAGTTCAGTCTCAGCTCAAGCT
TAAACCAGATGAGTTGTATGCCGTGGAGATCATCGGCGGCTCCACTCGGATCCCGGCTGTCAAGGACCTTATCAAGAAGGTTTTCAAGAAAGACCCTAGCACCACCCTGAACCAGGACGAGGC
CGTGGCCAGGGGTTGCGCCCTCCAATGCGCCATCCTGTCCCCGACGTTCAGAGTGCGCGAGTTTAACGTGACCGACGTGACGCCATACTCCATCAGTTTACTGTGGAAGGCTACAGAAGAGG
AGGATGGTGAGATGGAAGTGTTCCCTCCTAACCACCAGGTCCCTTTCTCCAAGATGTTGACTTTCTATCGTAAGGAACCATTTGAGCTGTGCGCCAAGTACACAAATATGGAGAAAATCCCCCAC
TCGGATCCCTTCATAGGTCGGTTTCAGATCAAGAACATCAAGCCCACGGCGGAGGGGGAGAGTTCAAAGGTCAAAGTCAAGGTTCGCATCAATGGCCACGGCATCTTCAAGGTCTCGACGGCC
TCCATGATGGAGAAGATCCCTCCCCAGCCAGAGCAGAACGACAAGGATGCAACCGAGAAGCCTGAGGAAGACAAGGCTGTCAACGATGCCGATGCGGTTCCCATGGAAACGGAGGAACGGC
CCAGTGAGAACCCAGAGCCAGGGGCAGGGCAGGATGACAAGAAAGAAAATGGAGAGATGGAAACTAGCGAGTCTTCTCAGACTAACGAGAAGAAAACTGACTCCAATGGCTCGGATACAGCG
GATACAGGCAGCAAGGGGGAGCCCAAGAAAGTCAAGAAGACCGTGCGTTACATAGACCTTCCTGTAGAAGAAATCACCCATGGGTTCAAGCCAAAAGACATCAGCGACTTTGCTGAGAGAGAG
GGTCAGATGATTGCACAGGACAAGCTGGAGAGAGAAAGGAGCGACGCCAGAAACAGCGTAGAGGAATACGTCTACGACATGAAGGATAAACTGTACACCCAACTAGAACAGTTCATCTCGTCA
TCGGATCGGGAGGCATTTATCAGTCTTCTGGACAAGACAGAAAACTGGCTGTACGAAGAAGGCGAAGACGAAAAGAAGAGTGTTTATATTGACAAACTGGCTAAACTCAAGAAAAGCGGCGACC
CTGTGGTTGAACGTTACAAGGAATCTCTGGAGCGACCTGGGGCGTTTGAGGAGCTTGGGGCATGCTTACAGCGCTACAAGAAAGCACTGATGCAGTACAGTGAAGGGGATGAGAAATACTCCC
ACATCGAGAAGGCAGAGATGGATAAGGTCCAGATGCTAACGGCTGAAAAGGAGTCCTGGCGAGACAGTAAGCTGAATGCTCAGAACCAACTCGCCCCTCACAACAAACCCATCGTATTGGTCA
AGGATATACGGGCTGAAACTGCTTCTCTGAAAGCCAACTGCGACAAGATCCTGAACACGCCCAAGCCCAAACCCAAGGAAGAACCGCCCAAGGACGAACCGCCCAAAGAAGGCAACGGGGCC
TCTGCGCCCACCGACACCAAGACCGAAGAGAGCATGGAGACTGAGGAACCAGTAACGGAGGGCAGAGACCAGCCCAGTCAAGAAGGGGGAGGCAGCAGTGGCAGCGTTGATGCAGACATG
GAACTGGAC

>OBi1|Cryptasterina_hystera_2_allele2|TRINITY_DN16719_c11_g2_i1
ATGGCTGTGGTCGGTTTTGATATCGGAAATAGCTCCTGTTATATCGCCGTGGCCAGGGGTGGTGGAATCGAAACGATAGCGAACGAGTACAGCGACCGACTTACGCCGACAATAGTAAGTTTC
GGCGAGAAGACAAGAATACTGGGATCTGCAGCAAAGAATCAGGTGATATCTAACTATAAGAACACAGTGGTTAGTTTTAAGCGATTGTTGGGACGGCAGTATGACGATCCTCATTTGCAAGATG
AATTACCGAGAATACTCAACGAGAAAGTCAAGAGACCAGATGGAGGAGTTGGTATTAAGGTTCAATACATGAATGAGAAAGAGATGTTTACACCAGAGCAAGTGTACGCCATGCTACTGACGAA
GCTCCGAATGACTGCCGAGGAAAATCTCCAAACTAAAGTAGTCGACTGCGTCATATCAGTCCCCCAGTATTTTACGGATATCGAGAGGAAAAGTGTTCTGAATGCAGCGACTATAGCTGGTCTA
AATTGCCTGAGATTAATCAACGATACTACTTCCGCCGCCCTAGCTTACGGTATCTACAAGCAAGACCTTCCTGCACCAGAGGAGAAACCCAGAGTTGTGGTATTTGTGGATATGGGCCAGTCAT
CATTACAAGTTGCCGTATCGGCGTTCAACAAGGGAAAGCTAAAAATTCTCAACGTGGCCAGCGACCCCAATCTCGGCGGCCGAGATTTCGACCGGGTCTTGGCCGAGCATTTTGCCGAGGAGT
TTAAGACCAAATACCGCATTGACATCAAGTCCAGTGCCCGGGCCTACCTGCGACTGACACAAGAGTGCGAGAAACTCAAAAAACTGATGAGCTCGAACGCGACGGAACTGCCCATGAACATTG
AAAGCATTATGGACGACAAGGATGTGACTGGACGCATGAAGAGAGCTGATTTTGAGACCCTTGCAGCCCATTTATTGAAGAGAGTGGAGGCCACGCTTAAGTCAGTTCAGTCTCAGCTCAAGCT
TAAACCAGATGAGTTGTATGCCGTGGAGATCATCGGCGGCTCCACTCGGATCCCGGCTGTCAAGGACCTTATCAAGAAGGTTTTCAAGAAAGACCCTAGCACCACCCTGAACCAGGACGAGGC
CGTGGCCAGGGGTTGCGCCCTCCAATGCGCCATCCTGTCCCCGACGTTCAGAGTGCGCGAGTTTAACGTGACCGACGTGACGCCATACTCCATCAGTTTACTGTGGAAGGCTACAGAAGAGG
AGGATGGTGAGATGGAAGTGTTCCCTCCTAACCACCAGGTCCCTTTCTCCAAGATGTTGACTTTCTATCGTAAGGAACCATTTGAGCTGTGCGCCAAGTACACAAATATGGAGAAAATCCCCCAC
TCGGATCCCTTCATAGGTCGGTTTCAGATCAAGAACATCAAGCCCACGGCGGAGGGGGAGAGTTCAAAGGTCAAAGTCAAGGTTCGCATCAATGGCCACGGCATCTTCAAGGTCTCGACGGCC
TCCATGATGGAGAAGATCCCTCCCCAGCCAGAGCAGAACGACAAGGATGCAACCGAGAAGCCTGAGGAAGACAAGGCTGTCAACGATGCCGATGCGGTTCCCATGGAAACGGAGGAACGGC
CCAGTGAGAACCCAGAGCCAGGGGCAGGGCAGGATGACAAGAAAGAAAATGGAGAGATGGAAACTAGCGAGTCTTCTCAGACTAACGAGAAGAAAACTGACTCCAATGGCTCGGATACAGCG
GATACAGGCAGCAAGGGGGAGCCCAAGAAAGTCAAGAAGACCGTGCGTTACATAGACCTTCCTGTAGAAGAAATCACCCATGGGTTCAAGCCAAAAGACATCAGCGACTTTGCTGAGAGAGAG
GGTCAGATGATTGCACAGGACAAGCTGGAGAGAGAAAGGAGCGACGCCAGAAACAGCGTAGAGGAATACGTCTACGACATGAAGGATAAACTGTACACCCAACTAGAACAGTTCATCTCGTCA
TCGGATCGGGAGGCATTTATCAGTCTTCTGGACAAGACAGAAAACTGGCTGTACGAAGAAGGCGAAGACGAAAAGAAGAGTGTTTATATTGACAAACTGGCTAAACTCAAGAAAAGCGGCGACC
CTGTGGTTGAACGTTACAAGGAATCTCTGGAGCGACCTGGGGCGTTTGAGGAGCTTGGGGCATGCTTACAGCGCTACAAGAAAGCACTGATGCAGTACAGTGAAGGGGATGAGAAATACTCCC
ACATCGAGAAGGCAGAGATGGATAAGGTCCAGATGCTAACGGCTGAAAAGGAGTCCTGGCGAGACAGTAAGCTGAATGCTCAGAACCAACTCGCCCCTCACAACAAACCCATCGTATTGGTCA
AGGATATACGGGCTGAAACTGCTTCTCTGAAAGCCAACTGCGACAAGATCCTGAACACGCCCAAGCCCAAACCCAAGGAAGAACCGCCCAAGGACGAACCGCCCAAAGAAGGCAACGGGGCC
TCTGCGCCCACCGACACCAAGACCGAAGAGAGCATGGAGACTGAGGAACCAGTAACGGAGGGCAGAGACCAGCCCAGTCAAGAAGGGGGAGGCAGCAGTGGCAGCGTTGATGCAGACATG
GAACTGGAC

>OBil|Cryptasterina_hystera_3_allele1l|TRINITY_DN16887_c3_g1_il
ATGGCTGTGGTCGGTTTTGATATCGGAAATAGCTCCTGTTATATCGCCGTGGCCAGGGGTGGTGGAATCGAAACGATAGCGAACGAGTACAGCGACCGACTTACGCCGACAATAGTAAGTTTC
GGCGAGAAGACAAGAATACTGGGATCTGCAGCAAAGAATCAGGTGATATCTAACTATAAGAACACAGTGGTTAGTTTTAAGCGATTGTTGGGACGGCAGTATGACGATCCTCATTTGCAAGATG
AATTACCGAGAATACTCAACGAGAAAGTCAAGAGACCAGATGGAGGAGTTGGTATTAAGGTTCAATACATGAATGAGAAAGAGATGTTTACACCAGAGCAAGTGTACGCCATGCTACTGACGAA
GCTCCGAATGACTGCCGAGGAAAATCTCCAAACTAAAGTAGTCGACTGCGTCATATCAGTCCCCCAGTATTTTACGGATATCGAGAGGAAAAGTGTTCTGAATGCAGCGACTATAGCTGGTCTA
AATTGCCTGAGATTAATCAACGATACTACTTCCGCCGCCCTAGCTTACGGTATCTACAAGCAAGACCTTCCTGCACCAGAGGAGAAACCCAGAGTTGTGGTATTTGTGGATATGGGCCAGTCAT
CATTACAAGTTGCCGTATCGGCGTTCAACAAGGGAAAGCTAAAAATTCTCAACGTGGCCAGCGACCCCAATCTCGGCGGCCGAGATTTCGACCGGGTCTTGGCCGAGCATTTTGCCGAGGAGT
TTAAGACCAAATACCGCATTGACATCAAGTCCAGTGCCCGGGCCTACCTGCGACTGACACAAGAGTGCGAGAAACTCAAAAAACTGATGAGCTCGAACGCGACGGAACTGCCCATGAACATTG
AAAGCATTATGGACGACAAGGATGTGACTGGACGCATGAAGAGAGCTGATTTTGAGACCCTTGCAGCCCATTTATTGAAGAGAGTGGAGGCCACGCTTAAGTCAGTTCAGTCTCAGCTCAAGCT
TAAACCAGATGAGTTGTATGCCGTGGAGATCATCGGCGGCTCCACTCGGATCCCGGCTGTCAAGGACCTTATCAAGAAGGTTTTCAAGAAAGACCCTAGCACCACCCTGAACCAGGACGAGGC
CGTGGCCAGGGGTTGCGCCCTCCAATGCGCCATCCTGTCCCCGACGTTCAGAGTGCGCGAGTTTAACGTGACCGACGTGACGCCATACTCCATCAGTTTACTGTGGAAGGCTACAGAAGAGG
AGGATGGTGAGATGGAAGTGTTCCCTCCTAACCACCAGGTCCCTTTCTCCAAGATGTTGACTTTCTATCGTAAGGAACCATTTGAGCTGTGCGCCAAGTACACAAATATGGAGAAAATCCCCCAC
TCGGATCCCTTCATAGGTCGGTTTCAGATCAAGAACATCAAGCCCACGGCGGAGGGGGAGAGTTCAAAGGTCAAAGTCAAGGTTCGCATCAATGGCCACGGCATCTTCAAGGTCTCGACGGCC
TCCATGATGGAGAAGATCCCTCCCCAGCCAGAGCAGAACGACAAGGATGCAACCGAGAAGCCTGAGGAAGACAAGGCTGTCAACGATGCCGATGCGGTTCCCATGGAAACGGAGGAACGGC
CCAGTGAGAACCCAGAGCCAGGGGCAGGGCAGGATGACAAGAAAGAAAATGGAGAGATGGAAACTAGCGAGTCTTCTCAGACTAACGAGAAGAAAACTGACTCCAATGGCTCGGATACAGCG
GATACAGGCAGCAAGGGGGAGCCCAAGAAAGTCAAGAAGACCGTGCGTTACATAGACCTTCCTGTAGAAGAAATCACCCATGGGTTCAAGCCAAAAGACATCAGCGACTTTGCTGAGAGAGAG
GGTCAGATGATTGCACAGGACAAGCTGGAGAGAGAAAGGAGCGACGCCAGAAACAGCGTAGAGGAATACGTCTACGACATGAAGGATAAACTGTACACCCAACTAGAACAGTTCATCTCGTCA
TCGGATCGGGAGGCATTTATCAGTCTTCTGGACAAGACAGAAAACTGGCTGTACGAAGAAGGCGAAGACGAAAAGAAGAGTGTTTATATTGACAAACTGGCTAAACTCAAGAAAAGCGGCGACC
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CTGTGGTTGAACGTTACAAGGAATCTCTGGAGCGACCTGGGGCGTTTGAGGAGCTTGGGGCATGCTTACAGCGCTACAAGAAAGCACTGATGCAGTACAGTGAAGGGGATGAGAAATACTCCC
ACATCGAGAAGGCAGAGATGGATAAGGTCCAGATGCTAACGGCTGAAAAGGAGTCCTGGCGAGACAGTAAGCTGAATGCTCAGAACCAACTCGCCCCTCACAACAAACCCATCGTATTGGTCA
AGGATATACGGGCTGAAACTGCTTCTCTGAAAGCCAACTGCGACAAGATCCTGAACACGCCCAAGCCCAAACCCAAGGAAGAACCGCCCAAGGACGAACCGCCCAAAGAAGGCAACGGGGCC
TCTGCGCCCACCGACACCAAGACCGAAGAGAGCATGGAGACTGAGGAACCAGTAACGGAGGGCAGAGACCAGCCCAGTCAAGAAGGGGGAGGCAGCAGTGGCAGCGTTGATGCAGACATG
GAACTGGAC

>OBi1|Cryptasterina_hystera_3_allele2|TRINITY_DN16887_c3_gl_il
ATGGCTGTGGTCGGTTTTGATATCGGAAATAGCTCCTGTTATATCGCCGTGGCCAGGGGTGGTGGAATCGAAACGATAGCGAACGAGTACAGCGACCGACTTACGCCGACAATAGTAAGTTTC
GGCGAGAAGACAAGAATACTGGGATCTGCAGCAAAGAATCAGGTGATATCTAACTATAAGAACACAGTGGTTAGTTTTAAGCGATTGTTGGGACGGCAGTATGACGATCCTCATTTGCAAGATG
AATTACCGAGAATACTCAACGAGAAAGTCAAGAGACCAGATGGAGGAGTTGGTATTAAGGTTCAATACATGAATGAGAAAGAGATGTTTACACCAGAGCAAGTGTACGCCATGCTACTGACGAA
GCTCCGAATGACTGCCGAGGAAAATCTCCAAACTAAAGTAGTCGACTGCGTCATATCAGTCCCCCAGTATTTTACGGATATCGAGAGGAAAAGTGTTCTGAATGCAGCGACTATAGCTGGTCTA
AATTGCCTGAGATTAATCAACGATACTACTTCCGCCGCCCTAGCTTACGGTATCTACAAGCAAGACCTTCCTGCACCAGAGGAGAAACCCAGAGTTGTGGTATTTGTGGATATGGGCCAGTCAT
CATTACAAGTTGCCGTATCGGCGTTCAACAAGGGAAAGCTAAAAATTCTCAACGTGGCCAGCGACCCCAATCTCGGCGGCCGAGATTTCGACCGGGTCTTGGCCGAGCATTTTGCCGAGGAGT
TTAAGACCAAATACCGCATTGACATCAAGTCCAGTGCCCGGGCCTACCTGCGACTGACACAAGAGTGCGAGAAACTCAAAAAACTGATGAGCTCGAACGCGACGGAACTGCCCATGAACATTG
AAAGCATTATGGACGACAAGGATGTGACTGGACGCATGAAGAGAGCTGATTTTGAGACCCTTGCAGCCCATTTATTGAAGAGAGTGGAGGCCACGCTTAAGTCAGTTCAGTCTCAGCTCAAGCT
TAAACCAGATGAGTTGTATGCCGTGGAGATCATCGGCGGCTCCACTCGGATCCCGGCTGTCAAGGACCTTATCAAGAAGGTTTTCAAGAAAGACCCTAGCACCACCCTGAACCAGGACGAGGC
CGTGGCCAGGGGTTGCGCCCTCCAATGCGCCATCCTGTCCCCGACGTTCAGAGTGCGCGAGTTTAACGTGACCGACGTGACGCCATACTCCATCAGTTTACTGTGGAAGGCTACAGAAGAGG
AGGATGGTGAGATGGAAGTGTTCCCTCCTAACCACCAGGTCCCTTTCTCCAAGATGTTGACTTTCTATCGTAAGGAACCATTTGAGCTGTGCGCCAAGTACACAAATATGGAGAAAATCCCCCAC
TCGGATCCCTTCATAGGTCGGTTTCAGATCAAGAACATCAAGCCCACGGCGGAGGGGGAGAGTTCAAAGGTCAAAGTCAAGGTTCGCATCAATGGCCACGGCATCTTCAAGGTCTCGACGGCC
TCCATGATGGAGAAGATCCCTCCCCAGCCAGAGCAGAACGACAAGGATGCAACCGAGAAGCCTGAGGAAGACAAGGCTGTCAACGATGCCGATGCGGTTCCCATGGAAACGGAGGAACGGC
CCAGTGAGAACCCAGAGCCAGGGGCAGGGCAGGATGACAAGAAAGAAAATGGAGAGATGGAAACTAGCGAGTCTTCTCAGACTAACGAGAAGAAAACTGACTCCAATGGCTCGGATACAGCG
GATACAGGCAGCAAGGGGGAGCCCAAGAAAGTCAAGAAGACCGTGCGTTACATAGACCTTCCTGTAGAAGAAATCACCCATGGGTTCAAGCCAAAAGACATCAGCGACTTTGCTGAGAGAGAG
GGTCAGATGATTGCACAGGACAAGCTGGAGAGAGAAAGGAGCGACGCCAGAAACAGCGTAGAGGAATACGTCTACGACATGAAGGATAAACTGTACACCCAACTAGAACAGTTCATCTCGTCA
TCGGATCGGGAGGCATTTATCAGTCTTCTGGACAAGACAGAAAACTGGCTGTACGAAGAAGGCGAAGACGAAAAGAAGAGTGTTTATATTGACAAACTGGCTAAACTCAAGAAAAGCGGCGACC
CTGTGGTTGAACGTTACAAGGAATCTCTGGAGCGACCTGGGGCGTTTGAGGAGCTTGGGGCATGCTTACAGCGCTACAAGAAAGCACTGATGCAGTACAGTGAAGGGGATGAGAAATACTCCC
ACATCGAGAAGGCAGAGATGGATAAGGTCCAGATGCTAACGGCTGAAAAGGAGTCCTGGCGAGACAGTAAGCTGAATGCTCAGAACCAACTCGCCCCTCACAACAAACCCATCGTATTGGTCA
AGGATATACGGGCTGAAACTGCTTCTCTGAAAGCCAACTGCGACAAGATCCTGAACACGCCCAAGCCCAAACCCAAGGAAGAACCGCCCAAGGACGAACCGCCCAAAGAAGGCAACGGGGCC
TCTGCGCCCACCGACACCAAGACCGAAGAGAGCATGGAGACTGAGGAACCAGTAACGGAGGGCAGAGACCAGCCCAGTCAAGAAGGGGGAGGCAGCAGTGGCAGCGTTGATGCAGACATG
GAACTGGAC

>OBil|Cryptasterina_hystera_4_allele1|TRINITY_DN21547_c5_g6_il
ATGGCTGTGGTCGGTTTTGATATCGGAAATAGCTCCTGTTATATCGCCGTGGCCAGGGGTGGTGGAATCGAAACGATAGCGAACGAGTACAGCGACCGACTTACGCCGACAATAGTAAGTTTC
GGCGAGAAGACAAGAATACTGGGATCTGCAGCAAAGAATCAGGTGATATCTAACTATAAGAACACAGTGGTTAGTTTTAAGCGATTGTTGGGACGGCAGTATGACGATCCTCATTTGCAAGATG
AATTACCGAGAATACTCAACGAGAAAGTCAAGAGACCAGATGGAGGAGTTGGTATTAAGGTTCAATACATGAATGAGAAAGAGATGTTTACACCAGAGCAAGTGTACGCCATGCTACTGACGAA
GCTCCGAATGACTGCCGAGGAAAATCTCCAAACTAAAGTAGTCGACTGCGTCATATCAGTCCCCCAGTATTTTACGGATATCGAGAGGAAAAGTGTTCTGAATGCAGCGACTATAGCTGGTCTA
AATTGCCTGAGATTAATCAACGATACTACTTCCGCCGCCCTAGCTTACGGTATCTACAAGCAAGACCTTCCTGCACCAGAGGAGAAACCCAGAGTTGTGGTATTTGTGGATATGGGCCAGTCAT
CATTACAAGTTGCCGTATCGGCGTTCAACAAGGGAAAGCTAAAAATTCTCAACGTGGCCAGCGACCCCAATCTCGGCGGCCGAGATTTCGACCGGGTCTTGGCCGAGCATTTTGCCGAGGAGT
TTAAGACCAAATACCGCATTGACATCAAGTCCAGTGCCCGGGCCTACCTGCGACTGACACAAGAGTGCGAGAAACTCAAAAAACTGATGAGCTCGAACGCGACGGAACTGCCCATGAACATTG
AAAGCATTATGGACGACAAGGATGTGACTGGACGCATGAAGAGAGCTGATTTTGAGACCCTTGCAGCCCATTTATTGAAGAGAGTGGAGGCCACGCTTAAGTCAGTTCAGTCTCAGCTCAAGCT
TAAACCAGATGAGTTGTATGCCGTGGAGATCATCGGCGGCTCCACTCGGATCCCGGCTGTCAAGGACCTTATCAAGAAGGTTTTCAAGAAAGACCCTAGCACCACCCTGAACCAGGACGAGGC
CGTGGCCAGGGGTTGCGCCCTCCAATGCGCCATCCTGTCCCCGACGTTCAGAGTGCGCGAGTTTAACGTGACCGACGTGACGCCATACTCCATCAGTTTACTGTGGAAGGCTACAGAAGAGG
AGGATGGTGAGATGGAAGTGTTCCCTCCTAACCACCAGGTCCCTTTCTCCAAGATGTTGACTTTCTATCGTAAGGAACCATTTGAGCTGTGCGCCAAGTACACAAATATGGAGAAAATCCCCCAC
TCGGATCCCTTCATAGGTCGGTTTCAGATCAAGAACATCAAGCCCACGGCGGAGGGGGAGAGTTCAAAGGTCAAAGTCAAGGTTCGCATCAATGGCCACGGCATCTTCAAGGTCTCGACGGCC
TCCATGATGGAGAAGATCCCTCCCCAGCCAGAGCAGAACGACAAGGATGCAACCGAGAAGCCTGAGGAAGACAAGGCTGTCAACGATGCCGATGCGGTTCCCATGGAAACGGAGGAACGGC
CCAGTGAGAACCCAGAGCCAGGGGCAGGGCAGGATGACAAGAAAGAAAATGGAGAGATGGAAACTAGCGAGTCTTCTCAGACTAACGAGAAGAAAACTGACTCCAATGGCTCGGATACAGCG
GATACAGGCAGCAAGGGGGAGCCCAAGAAAGTCAAGAAGACCGTGCGTTACATAGACCTTCCTGTAGAAGAAATCACCCATGGGTTCAAGCCAAAAGACATCAGCGACTTTGCTGAGAGAGAG
GGTCAGATGATTGCACAGGACAAGCTGGAGAGAGAAAGGAGCGACGCCAGAAACAGCGTAGAGGAATACGTCTACGACATGAAGGATAAACTGTACACCCAACTAGAACAGTTCATCTCGTCA
TCGGATCGGGAGGCATTTATCAGTCTTCTGGACAAGACAGAAAACTGGCTGTACGAAGAAGGCGAAGACGAAAAGAAGAGTGTTTATATTGACAAACTGGCTAAACTCAAGAAAAGCGGCGACC
CTGTGGTTGAACGTTACAAGGAATCTCTGGAGCGACCTGGGGCGTTTGAGGAGCTTGGGGCATGCTTACAGCGCTACAAGAAAGCACTGATGCAGTACAGTGAAGGGGATGAGAAATACTCCC
ACATCGAGAAGGCAGAGATGGATAAGGTCCAGATGCTAACGGCTGAAAAGGAGTCCTGGCGAGACAGTAAGCTGAATGCTCAGAACCAACTCGCCCCTCACAACAAACCCATCGTATTGGTCA
AGGATATACGGGCTGAAACTGCTTCTCTGAAAGCCAACTGCGACAAGATCCTGAACACGCCCAAGCCCAAACCCAAGGAAGAACCGCCCAAGGACGAACCGCCCAAAGAAGGCAACGGGGCC
TCTGCGCCCACCGACACCAAGACCGAAGAGAGCATGGAGACTGAGGAACCAGTAACGGAGGGCAGAGACCAGCCCAGTCAAGAAGGGGGAGGCAGCAGTGGCAGCGTTGATGCAGACATG
GAACTGGAC

>OBi1|Cryptasterina_hystera_4_allele2|TRINITY_DN21547_c5_g6_i1
ATGGCTGTGGTCGGTTTTGATATCGGAAATAGCTCCTGTTATATCGCCGTGGCCAGGGGTGGTGGAATCGAAACGATAGCGAACGAGTACAGCGACCGACTTACGCCGACAATAGTAAGTTTC
GGCGAGAAGACAAGAATACTGGGATCTGCAGCAAAGAATCAGGTGATATCTAACTATAAGAACACAGTGGTTAGTTTTAAGCGATTGTTGGGACGGCAGTATGACGATCCTCATTTGCAAGATG
AATTACCGAGAATACTCAACGAGAAAGTCAAGAGACCAGATGGAGGAGTTGGTATTAAGGTTCAATACATGAATGAGAAAGAGATGTTTACACCAGAGCAAGTGTACGCCATGCTACTGACGAA
GCTCCGAATGACTGCCGAGGAAAATCTCCAAACTAAAGTAGTCGACTGCGTCATATCAGTCCCCCAGTATTTTACGGATATCGAGAGGAAAAGTGTTCTGAATGCAGCGACTATAGCTGGTCTA
AATTGCCTGAGATTAATCAACGATACTACTTCCGCCGCCCTAGCTTACGGTATCTACAAGCAAGACCTTCCTGCACCAGAGGAGAAACCCAGAGTTGTGGTATTTGTGGATATGGGCCAGTCAT
CATTACAAGTTGCCGTATCGGCGTTCAACAAGGGAAAGCTAAAAATTCTCAACGTGGCCAGCGACCCCAATCTCGGCGGCCGAGATTTCGACCGGGTCTTGGCCGAGCATTTTGCCGAGGAGT
TTAAGACCAAATACCGCATTGACATCAAGTCCAGTGCCCGGGCCTACCTGCGACTGACACAAGAGTGCGAGAAACTCAAAAAACTGATGAGCTCGAACGCGACGGAACTGCCCATGAACATTG
AAAGCATTATGGACGACAAGGATGTGACTGGACGCATGAAGAGAGCTGATTTTGAGACCCTTGCAGCCCATTTATTGAAGAGAGTGGAGGCCACGCTTAAGTCAGTTCAGTCTCAGCTCAAGCT
TAAACCAGATGAGTTGTATGCCGTGGAGATCATCGGCGGCTCCACTCGGATCCCGGCTGTCAAGGACCTTATCAAGAAGGTTTTCAAGAAAGACCCTAGCACCACCCTGAACCAGGACGAGGC
CGTGGCCAGGGGTTGCGCCCTCCAATGCGCCATCCTGTCCCCGACGTTCAGAGTGCGCGAGTTTAACGTGACCGACGTGACGCCATACTCCATCAGTTTACTGTGGAAGGCTACAGAAGAGG
AGGATGGTGAGATGGAAGTGTTCCCTCCTAACCACCAGGTCCCTTTCTCCAAGATGTTGACTTTCTATCGTAAGGAACCATTTGAGCTGTGCGCCAAGTACACAAATATGGAGAAAATCCCCCAC
TCGGATCCCTTCATAGGTCGGTTTCAGATCAAGAACATCAAGCCCACGGCGGAGGGGGAGAGTTCAAAGGTCAAAGTCAAGGTTCGCATCAATGGCCACGGCATCTTCAAGGTCTCGACGGCC
TCCATGATGGAGAAGATCCCTCCCCAGCCAGAGCAGAACGACAAGGATGCAACCGAGAAGCCTGAGGAAGACAAGGCTGTCAACGATGCCGATGCGGTTCCCATGGAAACGGAGGAACGGC
CCAGTGAGAACCCAGAGCCAGGGGCAGGGCAGGATGACAAGAAAGAAAATGGAGAGATGGAAACTAGCGAGTCTTCTCAGACTAACGAGAAGAAAACTGACTCCAATGGCTCGGATACAGCG
GATACAGGCAGCAAGGGGGAGCCCAAGAAAGTCAAGAAGACCGTGCGTTACATAGACCTTCCTGTAGAAGAAATCACCCATGGGTTCAAGCCAAAAGACATCAGCGACTTTGCTGAGAGAGAG
GGTCAGATGATTGCACAGGACAAGCTGGAGAGAGAAAGGAGCGACGCCAGAAACAGCGTAGAGGAATACGTCTACGACATGAAGGATAAACTGTACACCCAACTAGAACAGTTCATCTCGTCA
TCGGATCGGGAGGCATTTATCAGTCTTCTGGACAAGACAGAAAACTGGCTGTACGAAGAAGGCGAAGACGAAAAGAAGAGTGTTTATATTGACAAACTGGCTAAACTCAAGAAAAGCGGCGACC
CTGTGGTTGAACGTTACAAGGAATCTCTGGAGCGACCTGGGGCGTTTGAGGAGCTTGGGGCATGCTTACAGCGCTACAAGAAAGCACTGATGCAGTACAGTGAAGGGGATGAGAAATACTCCC
ACATCGAGAAGGCAGAGATGGATAAGGTCCAGATGCTAACGGCTGAAAAGGAGTCCTGGCGAGACAGTAAGCTGAATGCTCAGAACCAACTCGCCCCTCACAACAAACCCATCGTATTGGTCA
AGGATATACGGGCTGAAACTGCTTCTCTGAAAGCCAACTGCGACAAGATCCTGAACACGCCCAAGCCCAAACCCAAGGAAGAACCGCCCAAGGACGAACCGCCCAAAGAAGGCAACGGGGCC
TCTGCGCCCACCGACACCAAGACCGAAGAGAGCATGGAGACTGAGGAACCAGTAACGGAGGGCAGAGACCAGCCCAGTCAAGAAGGGGGAGGCAGCAGTGGCAGCGTTGATGCAGACATG
GAACTGGAC

>OBil|Cryptasterina_pentagona_5_allele1|TRINITY_DN25983_c8_g3_il
ATGGCTGTGGTCGGTTTTGATATCGGAAATAGCTCCTGTTATATCGCCGTGGCCAGGGGTGGTGGAATCGAAACGATAGCGAACGAGTACAGCGACCGACTTACGCCGACAATAGTAAGTTTC
GGCGAGAAGACAAGAATACTGGGATCTGCAGCAAAGAATCAGGTGATATCTAACTATAAGAACACAGTGGTTAGTTTTAAGCGATTGTTGGGACGGCAGTATGACGATCCTCATTTGCAAGATG
AATTACCGAGAATACTCAACGAGAAAGTCAAGAGACCAGATGGAGGAGTTGGTATTAAGGTTCAATACATGAATGAGAAAGAGATGTTTACACCAGAGCAAGTGTACGCCATGCTACTGACGAA
GCTCCGAATGACTGCCGAGGAAAATCTCCAAACTAAAGTAGTCGACTGCGTCATATCAGTCCCCCAGTATTTTACGGATATCGAGAGGAAAAGTGTTCTGAATGCAGCGACTATAGCTGGTCTA
AATTGCCTGAGATTAATCAACGATACTACTTCCGCCGCCCTAGCTTACGGTATCTACAAGCAAGACCTTCCTGCACCAGAGGAGAAACCCAGAGTTGTGGTATTTGTGGATATGGGCCAGTCAT
CATTACAAGTTGCCGTATCGGCGTTCAACAAGGGAAAGCTAAAAATTCTCAACGTGGCCAGCGACCCCAATCTCGGCGGCCGAGATTTCGACCGGGTCTTGGCCGAGCATTTTGCCGAGGAGT
TTAAGACCAAGTACCGCATTGACGTCAAGTCCAGTGCCCGGGCCTACCTGCGACTGACACAAGAGTGTGAGAAACTCAAAAAACTGATGAGCTCGAACGCGACGGAACTGCCCATGAACATTG
AAAGCATTATGGACGACAAGGATGTGACTGGACGCATGAAGAGAGCTGATTTTGAGACCCTTGCAGCCCATTTATTGAAGAGAGTGGAGGCCACGCTTAAGTCAGTTCAGTCTCAGCTCAAGCT
TAAACCAGATGAGTTGTATGCCGTGGAGATCATCGGCGGCTCCACTCGGATCCCGGCTGTCAAGGACCTTATCAAGAAGGTTTTCAAGAAAGACCCTAGCACCACCCTGAACCAGGACGAGGC
CGTGGCCAGGGGTTGCGCCCTCCAATGCGCCATCCTGTCCCCGACGTTCAGAGTGCGCGAGTTTAACGTGACCGACGTGACGCCGTACTCCATCAGTTTACTGTGGAAGGCTACAGAAGGGG
AGGATGGTGAGATGGAAGTGTTCCCTCCTAACCACCAGGTCCCTTTCTCCAAGATGTTGACTTTTTATCGTAAGGAACCATTTGAGCTGTGCGCCAAGTACACAAATATGGAGAAAATCCCCCAC
TCGGATCCCTTCATAGGTCGGTTTCAGATCAAGAACATCAAGCCCACGGCGGAGGGGGAGAGTTCAAAGGTCAAAGTCAAGGTTCGCATCAATGGCCACGGCATCTTCAAGGTCTCGACGGCC
TCCATGATGGAGAAGATCCCTCCCCACCCAGAGCAGAACGACAAGGATGCGACCGAGAAGCCGGAGGAAGACAAGGCTGTCAACGATGCAGATGCGGTTCCCATGGAAACGGAGGAACGGC
CCAGTGAGAACCCAGAGCCAGGGGCAGGGCAGGATGACAAGAAAGAAAATGGAGAGATGGAAACTAGCGAGTCTTCTCAGACTAACGAGAAGAAAACTGACTCCAATGGCTCGGATACAGCG
GATACAGGCAGCAAGGGGGAGCCCAAGAAAGTCAAGAAGACCGTGCGTTACATAGACCTTCCTGTAGAAGAAATCACCCATGGGTTCAAGCCAAAAGACATCAGCGACTTTGCTGAGAGAGAG
GGTCAGATGATTGCACAGGACAAGCTGGAGAGAGAAAGGAGCGACGCCAGAAACAGCGTAGAGGAATACGTCTACGACATGAAGGATAAACTGTACACCCAACTAGAACAGTTCATCTCGTCA
TCGGATCGGGAGGCATTTATCAGTCTTCTGGACAAGACAGAAAACTGGCTGTACGAAGAAGGCGAAGACGAAAAGAAGAGTGTTTATATTGACAAACTGGCTAAACTCAAGAAAAGCGGCGACC
CTGTGGTTGAACGTTACAAGGAATCTCTGGAGCGACCTGGGGCGTTTGAGGAGCTTGGGGCATGCTTACAGCACTACAAGAAAGCACTGATGCAGTACAGTGAAGGGGATGAGAAATACTCCC
ACATCGAGAAGGCAGAGATGGATAAGGTCCAGATGCTAACGGCTGAAAAGGAGTCCTGGCGAGACAGTAAGCTGAATGCTCAGAACCAACTCGCCCCTCACAACAAACCCATCGTATTGGTCA
AGGATATACGGGCTGAAACTGCTTCTCTGAAAGCCAACTGCGACAAGATCCTGAACACGCCCAAGCCCAAACCCAAGGAAGAACCGCCCAAGGACGAACCGCCCAAAGAAGGCAACGGGGCC
TCTGCGCCCACCGACACCAAGACCGAAGAGAGCATGGAGACGGAGGAACCAGTAACAGAGGGTGGAGACCAGCCCAGTCAAGAAGGGGGAGGCGGCAGCGCCGGCGTTGACGCAGACATG
GAACTGGAC

>OBil|Cryptasterina_pentagona_5_allele2| TRINITY_DN25983_c8_g3_il
ATGGCTGTGGTCGGTTTTGATATCGGAAATAGCTCCTGTTATATCGCCGTGGCGAGGGGTGGTGGAATCGAAACGATAGCGAACGAGTACAGCGACCGACTTACGCCGACAATAGTAAGTTTC
GGCGAGAAGACAAGAATACTGGGATCTGCAGCAAAGAATCAGGTGATATCTAACTATAAGAACACAGTGGTTAGTTTTAAGCGATTGTTGGGACGGCAGTATGACGATCCTCATTTGCAAGATG
AATTACCGAGAATACTCAACGAGAAAGTCAAGAGACCAGATGGAGGAGTTGGTATTAAGGTTCAATACATGAATGAGAAAGAGATGTTTACACCAGAGCAAGTGTACGCCATGCTACTGACGAA
GCTCCGAATGACTGCCGAGGAAAATCTCCAAACTAAAGTAGTCGACTGCGTCATATCAGTCCCCCAGTATTTTACGGATATCGAGAGGAAAAGTGTTCTGAATGCAGCGACTATAGCTGGTCTA
AATTGCCTGAGATTAATCAACGATACTACTTCCGCCGCCCTAGCTTACGGTATCTACAAGCAAGACCTTCCTGCACCAGAGGAGAAACCCAGAGTTGTGGTATTTGTGGATATGGGCCAGTCAT
CATTACAAGTTGCCGTATCGGCGTTCAACAAGGGAAAGCTAAAAATTCTCAACGTGGCCAGCGACCCCAATCTCGGCGGCCGAGATTTTGACCGGGTCTTGGCTGAGCATTTTGCCGAGGAGT
TTAAGACCAAGTACCGCATTGACATCAAGTCCAGTGCCCGGGCCTACCTGCGACTGACGCAAGAGTGCGAGAAACTCAAAAAACTGATGAGCTCGAACGCGACGGAACTGCCCATGAACATTG
AGAGCATTATGGACGACAAGGATGTAACTGGACGCATGAAGAGAGCTGATTTTGAGACCCTTGCAGCCCATTTATTGAAGAGAGTGGAGGCCACGCTTAAGTCAGTTCAGTCTCAGCTCAAGCT
TAAACCAGATGAGTTGTATGCCGTGGAGATCATCGGCGGCTCCACTCGGATCCCGGCTGTCAAGGACCTTATCAAGAAGGTTTTCAAGAAAGACCCTAGCACCACCCTGAACCAGGACGAGGC
CGTGGCCAGGGGTTGCGCCCTCCAATGCGCCATCCTGTCCCCGACGTTCAGAGTGCGCGAGTTTAACGTGACCGACGTGACGCCGTACTCCATCAGTTTACTGTGGAAGGCTACAGAAGGGG
AGGATGGTGAGATGGAAGTGTTCCCTCCTAACCACCAGGTCCCTTTCTCCAAGATGTTGACTTTTTATCGTAAGGAACCATTTGAGCTGTGCGCCAAGTACACAAATATGGAGAAAATCCCCCAC
TCGGATCCCTTCATAGGTCGGTTTCAGATCAAGAACATCAAGCCCACGGCGGAGGGGGAGAGTTCAAAGGTCAAAGTCAAGGTTCGCATCAATGGCCACGGCATCTTCAAGGTCTCGACGGCC
TCCATGATGGAGAAGATCCCTCCCCAGCCAGAGCAGAACGACAAGGATGCGACCGAGAAGCCTGAGGAAGACAAGGCTGTCAACGATGCCGATGCGGTTCCCATGGAAACGGAGGAACGGC
CCAGTGAGAACCCAGATCCAGGGGCAGGGCAGGATGACAAGAAAGAAAATGGAGAGATGGAAACTAGCGAGTCTTCTCAGACTAACGAGAAGAAAACTGACTCCAATGGCTCGGATACAGCG
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GATACAGGCAGCAAGGGGGAGCCCAAGAAAGTCAAGAAGACTGTGCGTTACATAGACCTTCCTGTAGAAGAAATCACCCATGGGTTCAAGCCAAAAGACATCAGCGACTTTGCTGAGAGAGAG
GGTCAGATGATTGCACAGGACAAGCTGGAGAGAGAAAGGAGCGACGCCAGAAACAGCGTAGAGGAATACGTCTACGACATGAAGGATAAACTCTACACCCAACTAGAACAGTTCATCTCATCA
TCGGATCGGGAGGCATTTATCAGTCTTCTGGACAAGACAGAAAACTGGCTGTACGAAGAAGGCGAAGACGAAAAGAAGAGTGTTTATATTGACAAACTGGCTAAACTCAAGAAAAGTGGCGACC
CTGTGGTTGAACGTTACAAGGAATCTCTGGAGCGACCTGGGGCGTTTGAGGAGCTTGGGGCATGCTTACAGCGCTACAAGAAAGCGCTGATGCAGTACAGTGAAGGGGATGAGAAATACTCC
CACATTGAGAAGGCAGAGATGGATAAGGTCCAGATTCTAACGGCTGAAAAGGAGTCCTGGCGAGACAGTAAGCTGAATGCTCAGAACCAACTCGCCCCTCACAACAAACCCATCGTCTTGGTC
AAGGATATACGGGCTGAAACTGCTTCTCTGAAAGCCAACTGTGACAAGATCCTGAACACGCCCAAGCCCAAACCTAAGGAAGAACCGCCCAAGGACGAACCGCCCAAAGAAGGCAATGGGGC
CTCTGCGCCCACCAACACCAAGACCGAAGAGAGCATGGAGACGGAGGAACCAGTAACAGAGGGTGGAGACCAGCCCAGTCAAGAAGGGGGAGGCGGCAGCGCCGGCGTTGACGCAGACAT
GGAACTGGAC

>OBil|Cryptasterina_pentagona_8_allele1|TRINITY_DN17330_c4_g5_il
ATGGCTGTGGTCGGTTTTGATATCGGAAATAGCTCCTGTTATATCGCCGTGGCGAGGGGTGGTGGAATCGAAACGATAGCGAACGAGTACAGCGACCGACTTACGCCGACAATAGTAAGTTTC
GGCGAGAAGACAAGAATACTGGGATCTGCAGCAAAGAATCAGGTGATATCTAACTATAAGAACACAGTGGTTAGTTTTAAGCGATTGTTGGGACGGCAGTATGACGATCCTCATTTGCAAGATG
AATTACCGAGAATACTCAACGAGAAAGTCAAGAGACCAGATGGAGGAGTTGGTATTAAGGTTCAATACATGAATGAGAAAGAGATGTTTACACCAGAGCAAGTGTACGCCATGCTACTGACGAA
GCTCCGAATGACTGCCGAGGAAAATCTCCAAACTAAAGTAGTCGACTGCGTCATATCAGTCCCCCAGTATTTTACGGATATCGAGAGGAAAAGTGTTCTGAATGCAGCGACTATAGCTGGTCTA
AATTGCCTGAGATTAATCAACGATACTACTTCCGCCGCCCTAGCTTACGGTATCTACAAGCAAGACCTTCCTGCACCAGAGGAGAAACCCAGAGTTGTGGTATTTGTGGATATGGGCCAGTCAT
CATTACAAGTTGCCGTATCGGCGTTCAACAAGGGAAAGCTAAAAATTCTCAACGTGGCCAGCGACCCCAATCTCGGCGGCCGAGATTTTGACCGGGTCTTGGCTGAGCATTTTGCCGAGGAGT
TTAAGACCAAGTACCGCATTGACGTCAAGTCCAGTGCCCGGGCCTACCTGCGACTGACGCAAGAGTGCGAGAAACTCAAAAAACTGATGAGCTCGAACGCGACGGAACTGCCCATGAACATTG
AGAGCATTATGGACGACAAGGATGTAACTGGACGCATGAAGAGAGCTGATTTTGAGACCCTTGCAGCCCATTTATTGAAGAGAGTGGAGGCCACGCTTAAGTCAGTTCAGTCTCAGCTCAAGCT
TAAACCAGATGAGTTGTATGCCGTGGAGATCATCGGCGGCTCCACTCGGATCCCGGCTGTCAAGGACCTTATCAAGAAGGTTTTCAAGAAAGACCCTAGCACCACCCTGAACCAGGACGAGGC
CGTGGCCAGGGGTTGCGCCCTCCAATGCGCCATCCTGTCCCCGACGTTCAGAGTGCGCGAGTTTAACGTGACCGACGTGACGCCGTACTCCATCAGTTTACTGTGGAAGGCTACAGAAGGGG
AGGATGGTGAGATGGAAGTGTTCCCTCCTAACCACCAGGTCCCTTTCTCCAAGCTGTTGACTTTCTATCGTAAGGAACCATTTGAGCTCTGCGCCAAGTACACAAACGTGGAGAAGATCCCTCA
CTCAGATCCCTTCATAGGCCGGTTTCAGATCAAAAACCTCAAGCCCACAGCGGAGGGGGAGAGTTCAAAGGTCAAAGTCAAGGTTCGCATCAATGGCCACGGCATCTTCAAGGTCTCGACGGC
CTCCATGATGGAGAAGATCCCTCCCCAGCCAGAGCAGAACGACAAGGATGCGACCGAGAAGCCGGAGGAAGACAAGGCTGTCAACGATGCCGATGCGGTTCCCATGGAAACGGAGGAACGG
CCCAGTGAGAACCCAGAGCCAGGGGCAGGGCAGGATGACAAGAAAGAAAATGGAGAGATGGAAACTAGCGAGTCTTCTCAGACTAACGAGAAGAAAACTGACTCCAATGGCTCGGATACAGC
GGATACAGGCAGCAAGGGGGAGCCCAAGAAAGTCAAGAAGACCGTGCGTTACATAGACCTTCCTGTAGAAGAAATCACCCACGGGTTCAAACCAAAAGACATAAGCGACTTTGCTGAGAGAGA
GGGTCAGATGATTGCACAGGACAAGCTGGAGAGAGAAAGGAGCGACGCCAGAAACAGCGTAGAGGAATACGTCTACGACATGAAGGATAAACTGTACACCCAACTAGAACAGTTCATCTCGTC
ATCGGATCGGGAGGCATTTATCAGTCTTCTGGACAAGACAGAAAACTGGCTGTACGAAGAAGGCGAAGACGAAAGGAAGAGTGTTTATATTGACAAACTGGCTAAACTCAAGAAAAGCGGCGA
CCCTGTGGTTGAACGTTACAAGGAATCTCTGGAGCGACCTGGGGCGTTTGAGGAGCTTGGGGCATGCTTACAGCGCTACAAGAAAGCACTGATGCAGTACAGTGAAGGGGATGAGAAATACTC
CCACATCGAGAAGGCAGAGATGGATAAGGTCCAGATGCTAACGGCTGAAAAGGAGTCCTGGCGAGACAGTAAGCTGAATGCTCAGAACCAACTCGCCCCTCACAACAAACCCATCGTATTGGT
CAAGGATATACGGGCTGAAACTGCTTCTCTGAAAGCCAACTGCGACAAGATCCTGAACACGCCCAAGCCCAAACCCAAGGAAGAACCGCCCAAGGACGAACCGCCCAAAGAAGGCAATGGGG
CCTCTGCGCCCACCAACACCAAGACCGAAGAGAGCATGGAGACTGAGGAACCAGTAACGGAGGGCAGAGACCAGCCCAGTCAAGAAGGGGGAGGCAGCAGTGGCAGCGTTGATGCAGACAT
GGAACTGGAC

>OBil|Cryptasterina_pentagona_8_allele2| TRINITY_DN17330_c4_g5_i1
ATGGCTGTGGTCGGTTTTGATATCGGAAATAGCTCCTGTTATATCGCCGTGGCCAGGGGTGGTGGAATCGAAACGATAGCGAACGAGTACAGCGACCGACTTACGCCGACAATAGTAAGTTTC
GGCGAGAAGACAAGAATACTGGGATCTGCAGCAAAGAATCAGGTGATATCTAACTATAAGAACACAGTGGTTAGTTTTAAGCGATTGTTGGGACGGCAGTATGACGATCCTCATTTGCAAGATG
AATTACCGAGAATACTCAACGAGAAAGTCAAGAGACCAGATGGAGGAGTTGGTATTAAGGTTCAATACATGAATGAGAAAGAGATGTTTACACCAGAGCAAGTGTACGCCATGCTACTGACGAA
GCTCCGAATGACTGCCGAGGAAAATCTCCAAACTAAAGTAGTCGACTGCGTCATATCAGTCCCCCAGTATTTTACGGATATCGAGAGGAAAAGTGTTCTGAATGCAGCGACTATAGCTGGTCTA
AATTGCCTGAGATTAATCAACGATACTACTTCCGCCGCCCTAGCTTACGGTATATACAAACAAGACCTTCCTGCACCAGAGGAGAAACCCAGAGTTGTGGTATTTGTGGATATGGGCCAGTCATC
ATTACAAGTTGCCGTATCGGCATTCAACAAGGGAAAGCTAAAAATTCTCAACGTGGCCAGCGACCCCAATCTCGGCGGCCGAGATTTTGACCGGGTCTTGGCTGAGCATTTTGCCGAGGAGTTT
AAGACCAAGTACCGCATTGACGTCAAGTCCAGTGCCCGGGCCTACCTGCGACTGACGCAAGAGTGCGAGAAACTCAAAAAACTGATGAGCTCGAACGCGACGGAACTGCCCATGAACATTGA
GAGCATTATGGACGACAAGGATGTAACTGGACGCATGAAGAGAGCTGATTTTGAGACCCTTGCAGCCCATTTATTGAAGAGAGTGGAGGCCACGCTTAAGTCAGTTCAGTCTCAGCTCAAGCTT
AAACCAGATGAGTTGTATGCCGTGGAGATCATCGGCGGCTCCACTCGGATCCCGGCTGTCAAGGACCTTATCAAGAAGGTTTTCAAGAAAGACCCTAGCACCACCCTGAACCAGGACGAGGCC
GTGGCCAGGGGTTGCGCCCTCCAATGCGCCATCCTGTCCCCGACGTTCAGAGTGCGCGAGTTTAACGTGACCGACGTGACGCCGTACTCCATCAGTTTACTGTGGAAGGCTACAGAAGGGGA
GGATGGTGAGATGGAAGTGTTCCCTCCTAACCACCAGGTCCCTTTCTCCAAGCTGTTGACTTTCTATCGTAAGGAACCATTTGAGCTCTGCGCCAAGTACACAAACGTGGAGAAGATCCCTCAC
TCAGATCCCTTCATAGGCCGGTTTCAGATCAAAAACCTCAAGCCCACAGCGGAGGGGGAGAGTTCAAAGGTCAAAGTCAAGGTTCGCATCAATGGCCACGGCATCTTCAAGGTCTCGACGGCC
TCCATGATGGAGAAGATCCCTCCCCAGCCAGAGCAGAACGACAAGGATGCGACCGAGAAGCCTGAGGAAGACAAGGCTGTCAACGATGCAGATGCGGTTCCCATGGAAACGGAGGAACGGC
CCAGTGAGAACCCAGATCCAGGGGCAGGGCAGGATGACAAGAAAGAAAATGGAGAGATGGAAACTAGCGAGTCTTCTCAGACTAACGAGAAGAAAACTGACTCCAATGGCTCGGATACAGCG
GATACAGGCAGCAAGGGGGAGCCCAAGAAAGTCAAGAAGACCGTGCGTTACATAGACCTTCCTGTAGAAGAAATCACCCACGGGTTCAAACCAAAAGACATAAGCGACTTTGCTGAGAGAGAG
GGTCAGATGATTGCACAGGACAAGCTGGAGAGAGAAAGGAGCGACGCCAGAAACAGCGTAGAGGAATACGTCTACGACATGAAGGATAAACTGTACACCCAACTAGAACAGTTCATCTCGTCA
TCGGATCGGGAGGCATTTATCAGTCTTCTGGACAAGACAGAAAACTGGCTGTACGAAGAAGGCGAAGACGAAAAGAAGAGTGTTTATATTGACAAACTGGCTAAACTCAAGAAAAGCGGCGACC
CTGTGGTTGAACGTTACAAGGAATCTCTGGAGCGACCTGGGGCGTTTGAGGAGCTTGGGGCATGCTTACAGCGCTACAAGAAAGCGCTGATGCAGTACAGTGAAGGGGATGAGAAATACTCC
CACATTGAGAAGGCAGAGATGGATAAGGTCCAGATTCTAACGGCTGAAAAGGAGTCCTGGCGAGACAGTAAGCTGAATGCTCAGAACCAACTCGCCCCTCACAACAAACCCATCGTCTTGGTC
AAGGATATACGGGCTGAAACTGCTTCTCTGAAAGCCAACTGTGACAAGATCCTGAACACGCCCAAGCCCAAACCCAAGGAAGAACCGCCCAAGGACGAACCGCCCAAAGAAGGCAACGGGGC
CTCTGCGCCCACCGACACCAAGACCGAAGAGAGCATGGAGACTGAGGAACCAGTAACGGAGGGCAGAGACCAGCCCAGTCAAGAAGGGGGAGGCAGCAGTGGCAGCGTTGATGCAGACAT
GGAACTGGAC

>OBil|Cryptasterina_pentagona_9_allele1|TRINITY_DN13432_c4_g1_il
ATGGCTGTGGTCGGTTTTGATATCGGAAATAGCTCCTGTTATATCGCCGTGGCCAGGGGTGGTGGAATCGAAACGATAGCGAACGAGTACAGCGACCGACTTACGCCGACAATAGTAAGTTTC
GGCGAGAAGACAAGAATACTGGGATCTGCAGCAAAGAATCAGGTGATATCTAACTATAAGAACACAGTGGTTAGTTTTAAGCGATTGTTGGGACGGCAGTATGACGATCCTCATTTGCAAGATG
AATTACCGAGAATACTCAACGAGAAAGTCAAGAGACCAGATGGAGGAGTTGGTATTAAGGTTCAATACATGAATGAGAAAGAGATGTTTACACCAGAGCAAGTGTACGCCATGCTACTGACGAA
GCTCCGAATGACTGCCGAGGAAAATCTCCAAACTAAAGTAGTCGACTGCGTCATATCAGTCCCCCAGTATTTTACGGATATCGAGAGGAAAAGTGTTCTGAATGCAGCGACTATAGCTGGTCTA
AATTGCCTGAGATTAATCAACGATACTACTTCCGCCGCCCTAGCTTACGGTATCTACAAGCAAGACCTTCCTGCACCAGAGGAGAAACCCAGAGTTGTGGTATTTGTGGATATGGGCCAGTCAT
CATTACAAGTTGCCGTATCGGCGTTCAACAAGGGAAAGCTAAAAATTCTCAACGTGGCCAGCGACCCCAATCTCGGCGGCCGAGATTTTGACCGGGTCTTGGCTGAGCATTTTGCCGAGGAGT
TTAAGACCAAGTACCGCATTGACGTCAAGTCCAGTGCCCGGGCCTACCTGCGACTGACGCAAGAGTGCGAGAAACTCAAAAAACTGATGAGCTCGAACGCGACGGAACTGCCCATGAACATTG
AGAGCATTATGGACGACAAGGATGTAACTGGACGCATGAAGAGAGCTGATTTTGAGACCCTTGCAGCCCATTTATTGAAGAGAGTGGAGGCCACGCTTAAGTCAGTTCAGTCTCAGCTCAAGCT
TAAACCAGATGAGTTGTATGCCGTGGAGATCATCGGCGGCTCCACTCGGATCCCGGCTGTCAAGGACCTTATCAAGAAGGTTTTCAAGAAAGACCCTAGCACCACCCTGAACCAGGACGAGGC
CGTGGCCAGGGGTTGCGCCCTCCAATGCGCCATCCTGTCCCCGACGTTCAGAGTGCGCGAGTTTAACGTGACCGACGTGACGCCGTACTCCATCAGTTTACTGTGGAAGGCTACAGAAGGGG
AGGATGGTGAGATGGAAGTGTTCCCTCCTAACCACCAGGTCCCTTTCTCCAAGCTGTTGACTTTCTATCGTAAGGAACCATTTGAGCTCTGCGCCAAGTACACAAATATGGAGAAAATCCCCCAC
TCGGATCCCTTCATAGGTCGGTTTCAGATCAAGAACATCAAGCCCACGGCGGAGGGGGAGAGTTCAAAGGTCAAAGTCAAGGTTCGCATCAATGGCCACGGCATCTTCAAGGTCTCAACGGCC
TCCATGATGGAGAAGATCCCTCCCCAGCCAGAGCAGAACGACAAGGATGCAACCGAGAAGCCTGAGGAAGACAAGGCTGTCAACGATGCCGATGCGGTTCCCATGGAAACGGAGGAACGGC
CCAGTGAGAACCCAGAGCCAGGGGCAGGGCAGGATGACAAGAAAGAAAATGGAGAGATGGAAACTAGCGAGTCTTCTCAGACTAACGAGAAGAAAACTGACTCCAGTGGCTCGGATACAGCG
GATACAGGCAGCAAGGGGGAGCCCAAGAAAGTCAAGAAGACCGTGCGTTACATAGACCTTCCTGTAGAAGAAATCACCCATGGGTTCAAGCCAAAAGACATCAGCGACTTTGCTGAGAGAGAG
GGTCAGATGATTGCACAGGACAAGCTGGAGAGAGAAAGGAGCGACGCCAGAAACAGCGTAGAGGAATACGTCTACGACATGAAGGATAAACTGTACACCCAACTAGAACAGTTCATCTCGTCA
TCGGATCGGGAGGCATTTATCAGTCTTCTGGACAAGACAGAAAACTGGCTGTACGAAGAAGGCGAAGACGAAAAGAAGAGTGTTTATATTGACAAACTGGCTAAACTCAAGAAAAGCGGCGACC
CTGTGGTTGAACGTTACAAGGAATCTCTGGAGCGACCTGGGGCGTTTGAGGAGCTTGGGGCATGCTTACAGCGCTACAAGAAAGCACTGATGCAGTACAGTGAAGGGGATGAGAAATACTCCC
ACATCGAGAAGGCAGAGATGGATAAGGTCCAGATTCTAACGGCTGAAAAGGAGTCCTGGCGAGACAGTAAGCTGAATGCTCAGAACCAACTCGCCCCTCACAACAAACCCATCGTCTTGGTCA
AGGATATACGGGCTGAAACTGCTTCTCTGAAAGCCAACTGCGACAAGATCCTGAACACGCCCAAGCCCAAACCTAAGGAAGAACCGCCCAAGGACGAACCGCCCAAAGAAGGCAACGGGGCC
TCTGCGCCCACCGACACCAAGACCGAAGAGAGCATGGAGACGGAGGAACCAGTAACAGAGGGTGGAGACCAGCCCAGTCAAGAAGGGGGAGGCGGCAGCGCCGGCGTTGACGCAGACATG
GAACTGGAC

>OBi1|Cryptasterina_pentagona_9_allele2|TRINITY_DN13432_c4_g1_i1
ATGGCTGTGGTCGGTTTTGATATCGGAAATAGCTCCTGTTATATCGCCGTGGCCAGGGGTGGTGGAATCGAAACGATAGCGAACGAGTACAGCGACCGACTTACGCCGACAATAGTAAGTTTC
GGCGAGAAGACAAGAATACTGGGATCTGCAGCAAAGAATCAGGTGATATCTAACTATAAGAACACAGTGGTTAGTTTTAAGCGATTGTTGGGACGGCAGTATGACGATCCTCATTTGCAAGATG
AATTACCGAGAATACTCAACGAGAAAGTCAAGAGACCAGATGGAGGAGTTGGTATTAAGGTTCAATACATGAATGAGAAAGAGATGTTTACACCAGAGCAAGTGTACGCCATGCTACTGACGAA
GCTCCGAATGACTGCCGAGGAAAATCTCCAAACTAAAGTAGTCGACTGCGTCATATCAGTCCCCCAGTATTTTACGGATATCGAGAGGAAAAGTGTTCTGAATGCAGCGACTATAGCTGGTCTA
AATTGCCTGAGATTAATCAACGATACTACTTCCGCCGCCCTAGCTTACGGTATCTACAAGCAAGACCTTCCTGCACCAGAGGAGAAACCCAGAGTTGTGGTATTTGTGGATATGGGCCAGTCAT
CATTACAAGTTGCCGTATCGGCGTTCAACAAGGGAAAGCTAAAAATTCTCAACGTGGCCAGCGACCCCAATCTCGGCGGCCGAGATTTTGACCGGGTCTTGGCTGAGCATTTTGCCGAGGAGT
TTAAGACCAAGTACCGCATTGACGTCAAGTCCAGTGCCCGGGCCTACCTGCGACTGACGCAAGAGTGCGAGAAACTCAAAAAACTGATGAGCTCGAACGCGACGGAACTGCCCATGAACATTG
AGAGCATTATGGACGACAAGGATGTAACTGGACGCATGAAGAGAGCTGATTTTGAGACCCTTGCAGCCCATTTATTGAAGAGAGTGGAGGCCACGCTTAAGTCAGTTCAGTCTCAGCTCAAGCT
TAAACCAGATGAGTTGTATGCCGTGGAGATCATCGGCGGCTCCACTCGGATCCCGGCTGTCAAGGACCTTATCAAGAAGGTTTTCAAGAAAGACCCTAGCACCACCCTGAACCAGGACGAGGC
CGTGGCCAGGGGTTGCGCCCTCCAATGCGCCATCCTGTCCCCGACGTTCAGAGTGCGCGAGTTTAACGTGACCGACGTGACGCCGTACTCCATCAGTTTACTGTGGAAGGCTACAGAAGGGG
AGGATGGTGAGATGGAAGTGTTCCCTCCTAACCACCAGGTCCCTTTCTCCAAGCTGTTGACTTTCTATCGTAAGGAACCATTTGAGCTCTGCGCCAAGTACACAAATATGGAGAAAATCCCCCAC
TCGGATCCCTTCATAGGTCGGTTTCAGATCAAGAACATCAAGCCCACGGCGGAGGGGGAGAGTTCAAAGGTCAAAGTCAAGGTTCGCATCAATGGCCACGGCATCTTCAAGGTCTCGACGGCC
TCCATGATGGAGAAGATCCCTCCCCAGCCAGAGCAGAACGACAAGGATGCAACCGAGAAGCCTGAGGAAGACAAGGCTGTCAACGATGCCGATGCGGTTCCCATGGAAACGGAGGAACGGC
CCAGTGAGAACCCAGAGCCAGGGGCAGGGCAGGATGACAAGAAAGAAAATGGAGAGATGGAAACTAGCGAGTCTTCTCAGACTAACGAGAAGAAAACTGACTCCAATGGCTCGGATACAGCG
GATACAGGCAGCAAGGGGGAGCCCAAGAAAGTCAAGAAGACCGTGCGTTACATAGACCTTCCTGTAGAAGAAATCACCCATGGGTTCAAGCCAAAAGACATCAGCGACTTTGCTGAGAGAGAG
GGTCAGATGATTGCACAGGACAAGCTGGAGAGAGAAAGGAGCGACGCCAGAAACAGCGTAGAGGAATACGTCTACGACATGAAGGATAAACTGTACACCCAACTAGAACAGTTCATCTCGTCA
TCGGATCGGGAGGCATTTATCAGTCTTCTGGACAAGACAGAAAACTGGCTGTACGAAGAAGGCGAAGACGAAAAGAAGAGTGTTTATATTGACAAACTGGCTAAACTCAAGAAAAGCGGCGACC
CTGTGGTTGAACGTTACAAGGAATCTCTGGAGCGACCTGGGGCGTTTGAGGAGCTTGGGGCATGCTTACAGCGCTACAAGAAAGCACTGATGCAGTACAGTGAAGGGGATGAGAAATACTCCC
ACATTGAGAAGGCAGAGATGGATAAGGTCCAGATGCTAACGGCTGAAAAGGAGTCCTGGCGAGACAGTAAGCTGAATGCTCAGAACCAACTCGCCCCTCACAACAAACCCATCGTATTGGTCA
AGGATATACGGGCTGAAACTGCTTCTCTGAAAGCCAACTGTGACAAGATCCTGAACACGCCCAAGCCCAAACCCAAGGAAGAACCGCCCAAGGACGAACCGCCCAAAGAAGGCAATGGGGCC
TCTGCGCCCACCAACACCAAGACCGAAGAGAGCATGGAGACGGAGGAACCAGTAACAGAGGGTGGAGACCAGCCCAGTCAAGAAGGGGGAGGCGGCAGCGCCGGCGTTGACGCAGACATG
GAACTGGAC
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D) OBil Cryptasterina reference alignment with Patiria miniata

>OBi1_TRINITY_DN58775_c2_gl_i3_ALL_translation A new nucleotide sequence entered manually
ITGKKHLYLITSKKYLSRQQLEVVSKNLLAYFTMAVVGFDIGNSSCYIAVARGGGIETIANEYSDRLTPTIVSFGEKTRILGSAAKNQVISNYKNTVVSFKRLLGRQYDDPHLQDELPRILNEKVKRPDGGVGI
KVQYMNEKEMFTPEQVYAMLLTKLRMTAEENLQTKVVDCVISVPQYFTDIERKSVLNAATIAGLNCLRLINDTTSAALAYGIYKQDLPAPEEKPRVVVFVDMGQSSLQVAVSAFNKGKLKILNVASDPNLG
GRDFDRVLAEHFAEEFKTKYRIDVKSSARAYLRLTQECEKLKKLMSSNATELPMNIESIMDDKDVTGRMKRADFETLAAHLLKRVEATLKSVQSQLKLKPDELYAVEIIGGSTRIPAVKDLIKKVFKKDPST
TLNQDEAVARGCALQCAILSPTFRVREFNVTDVTPYSISLLWKATEGEDGEMEVFPPNHQVPFSKLLTFYRKEPFELCAKYTNVEKIPHSDPFIGRFQIKNIKPTAEGESSKVKVKVRINGHGIFKVSTASM
MEKIPPQPEQNDKDATEKPEED-
KAVNDADAVPMETEERPSENPEPGAGQDDKKENGEMETSESSQTNEKKTDSNGSDTADTGSKGEPKKVKKTVRYIDLPVEEITHGFKPKDISDFAEREGQMIAQDKLERERSDARNSVEEYVYDMKD
KLYTQLEQFISSSDREAFISLLDKTENWLYEEGEDEKKSVYIDKLAKLKKSGDPVVERYKESLERPGAFEELGACLQRYKKALMQYSEGDEKYSHIEKAEMDKVQMLTAEKESWRDSKLNAQNQLAPHN
KPIVLVKDIRAETASLKANCDKILNTPKPKPKEEPPKDEPPKEGNGASAPTDTKTEESMETEEPVTEGGDQPSQEGGGGSAGVDADMELD

>OBil_Patiria.miniata_contigA03253a_translation A new nucleotide sequence entered manually
MAVVGFDIGNSSSYIAVARGGGIETIANEYSDRLTPTIVSFGEKTRILGSAAKTQVISNYKNTVINFKRLMGRQYDDPLLQEELPRILNEKVKRPDGGIGIKVQYMNEKEMFTPEQVYAMLLSKLRMTAEAN
LQTKVVDCVLSVPQYYTDIERKSILNASTVAGLNCLRIINDTTSAALAYGIYKQDLPAPEEKPRVVVFVDMGQSSLQVAVSAFNKGKLKILNVASDPNLGGRDFDRVLADHFAEEFKTKYRIDAKSNARAFL
RLMQECEKLKKLMSSNATELPMNIESIMDDKDVTGRMKRADFEALAAHLLKRVEATLKSVQSQIKLKPDELYAVEIGGSTRIPAVKELIKKIFKKDASTTLNQDEAVARGCALQCAILSPTFRVREFNVSDV
TPYSISLLWKAAEGEEGEMEVFPPNHQVPFSKMLAFYRKDPFELCAKYTSKGKVPHSDPFIGRFEIKNVKPTAEGESSKVKVKVRVNGHGIFKVSTASLMEKIPPQPEQNDKDAAEKPNEDGKVVNDAE
AVPMETEEQTNENAEPAAEQEAKKENGEMETNESSQTTEKKTDSNGSDTADAGDKSEPKKAKKTVRYIDLPVEEITHGFKLKDINIFAEREGQMIAQDKLERERSDARNSVEEYVYDMKDKLYAHLEQFI
ATSDREAFIGLLNKTENWLYEEGEDETKSIYVEKLAKLKKTGDP-

E) Guanylate cyclase Cryptasterina alignment of individuals

>Guanylate_cyclase|Cryptasterina_hystera_1_allelel|TRINITY_DN15275_c3_g1_i3
ATGAGACATCTGCAGCTTGTGGCGGTCGTTTTGGTGGCCGGGGTGTTGGTTTCGGAAGGGGCGGAGTACAAAATTGCCCTATTGGTGCCTTTCACTGACCCGCTAACCGGCGTTCCGGCTATT
GGGGATCCTATCGCCGGCGCCTTCCCGTTAGCAATTGATGCCATCAACAGCAGTCCCAGCATCCTACCAGGTCACACACTGACGTGGGAATGGACCGATACCCAGTGCAACGCCAACATAGGA
ATGAAGGCGATCGCCGACTACTGGGCCCGTGGGTTCGTTGGTGTCGTCGGTCCGGGCTGCACATGCGACTACGAAGCCCGACTGGCTGGGGCGATCAACTTCCCTCTCTTCGATTACGGATG
TGACGAGGCTGCTGTCTCTAATAAAGAAGTCTATCCGACCTACATGCGGACCCTACCGTCAAGCACTCGTGTTGCAGACACTATGATCATTACTCTACAAATGTTTGATTGGGATCAGGTGACTG
TAGTCCTTCGCAACCACTCGGTCTGGCAACAGGTCTACAGAGTGGTTGAGCAACAATTCAAGGAGAACAACATTACCGTACAACATCTTGAAATCTTTGAGTCTGGGTTCATACCGTACAGCAAC
TCTACGCCCGACCCATTCCCTGACATCATCCGACGTACCAAGGAGACGACAAGAATCTACATCTTTATGGGAGAGATGTACGAGTTGCGGATGTTTGCCATCGATGCTTACGATCAAGGCCTGA
CGACCAGCGGGGAATACGCGATTCTTGGAACTGCCATAGACCACAAGATACGGAGCTCTCAAAACTGGCACAGTATGGACTTTCTAGGCTGGGGTACCTATGAAGACGAGAAGGCTGCTAAGG
CATATGAAGCAGTCCTGATCTTATCATTAAAGGGACCCAAAAGGACCTACGGATACCGATTCTGGACTTCTGATGTCAAAGACGCAGTACGACTCCCTCCGTTCAATGGAACTGGCAATTTTGCA
AAGTTTCAAACCTTTGCAGCTTTCCTGTATGACGCCACCATCCTTTTTGCTAAAGCCCTGCATGAGACACTGGATGCCGGGGAAGATCCGTTTGATGGTCGGGCGATTGTCGGTCGCACCTTTG
GCACGTCTTATCAGAGCGTTTCGCTGCTTGACATTCAGATTGATCACAAAGGCGACGGTGTGTCCCGATTCCTCCTCATGGATATGAACGCTTTACAGATGCCAGACGTTGGCTTGCTACCGGG
CTACCCCGGCATGATTGGTGTCGGCGAATACATCCGAAGCCCTGAAGGCATATGGACTTTCAACAGAACTCGAGAATTCGATGTGGACATCCACTGGCCTAATGATAAGGGCCCCCCACTGGA
CATGCCTGTCTGTGGCTACTACGGTGAACTCTGCCCAAAATACGGCCTGTACTTTGGCCTTGGCGTGCCACTGGTCTTGTTAGTCGTGCTTGTCTTAGTTGGATACTACTTCTACAGGAAACGCA
AGTACGAGGGAGAGCTGGACAGCTTGGTGTGGAAAGTGGACTTCGATGACGTGCAGGCTCGAGGTGGTGAGATGAACAAGTCGGGATTCTCCATGAAGAGCATGGTCATGAGTACAATATCC
GTCATGACGAACCAGGAAACTCAACAAATCTTCACCAGAATCGGAACATACCGGGGGAATGTGTGCGCCATTAAAGCCGTCAACAAGAATCACATCGATATAACCCGTGAGGTCCGCAAAGAAC
TGAAGGCGATGCGAGACGTCCGCCATGACAACGTTTGCCAGTTCGTAGGAGCTTGTGTGGACCTACCGCATATCTGTATCTTGATGACGTACTGCGCCAAGGGTAGCTTGCAGGACATTTTAG
AAAACGACGACATCAAGTTAGACAACATGTTCTTGGCGTCGCTGATCGCCGATCTGGTGAAGGGAATGATCTACTTGCACTCCTCTGAGATTGAGTCCCACGGCAATCTTAAGTCTTCCAACTG
CGTTGTGGACAACCGTTGGGTCTTGCAGATCACCGACTACGGCTTGTGGCAGTTCAAGAAAGGCCAGGTGGAAGATCCTGACATGACTGATGATCTGCGGTACCGAAATATGCTGTGGAGGGC
CCCAGAACTGCTGCGTATGGGTCAGAATGCACCACCAGGCGGCACCCGGAAGGGTGACGTCTACTCGTTTGCCATCATACTGACGGAGATGTACTCGCGGGCTGAACCGTACCACCTGAACG
AAGAAGAACCCAAAGAAATCATTGCGAGGCTGAAGGCTGGGTCCATTCCACCTTATCGCCCGTTGCTTAACGACGTCAACAACAATGCCCCAGAGTGTGTTCTGAAAGCAGTCCGCCAATGCTG
GGAGGAGGATCCGGATGACCGACCAGATTTCTTTGGAGCTCGTTCCACCTTGGCTCCTTTGCAGAAAGGATTGAAACCCAACATCATGGATAACATGATTGCCATCATGGAGCGTTACACCAAT
AACCTGGAGGAACTTGTAGATGAGCGTACTGAGGAACTGCGACGAGAGAAGACCAAGACAGAACAGTTGCTGCATCGCATGCTGCCACCATCCATTGCATCTCAGTTGATGAAAGGAATCTCG
GTTGCTCCAGAAAGCTTTGACATGGTGTCCATCTTCTTCTCTGATATTGTGGGTTTCACTGCTTTGTCTGCTGCCAGTACACCCATTCAGGTTGTCAATCTGCTTAATGCCCTGTACACACTCTTT
GACGCCATCATATCCAACTATGACGTTTATAAGGTTGAAACCATCGGTGATGCTTACATGTTGGTCTCGGGGCTACCGATCCGTAATGGGAACCGTCATGCCGGAATGATCGCCTCAGCTGCTT
GGCATCTCCTAGAGGGGGTAGGGGACTTCATCGTGCCGCACAAACAAGACGAGAAACTCAAACTTCGCATCGGCATTCACTCTGGACCGTGTGTCGCGGGCGTCGTTGGTCTAACCATGCCG
CGGTATTGCCTCTTTGGGGACACGGTCAACACAGCGTCTCGTATGGAATCTAACGGACTCGCGCTCAAAATCCATGTGAGTCCAGAATGCAGACAAGTCCTAGAAGAACTCGGGGGATATGAG
CTGATCGAGAGAGGGCTTGTGGCTATGAAG

>Guanylate_cyclase|Cryptasterina_hystera_1_allele2|TRINITY_DN15275_c3_g1_i3
ATGAGACATCTGCAGCTTGTGGCGGTCGTTTTGGTGGCCGGGGTGTTGGTTTCGGAAGGGGCGGAGTACAAAATTGCCCTATTGGTGCCTTTCACTGACCCGCTAACCGGCGTTCCGGCTATT
GGGGATCCTATCGCCGGCGCCTTCCCGTTAGCAATTGATGCCATCAACAGCAGTCCCAGCATCCTACCAGGTCACACACTGACGTGGGAATGGACCGATACCCAGTGCAACGCCAACATAGGA
ATGAAGGCGATCGCCGACTACTGGGCCCGTGGGTTCGTTGGTGTCGTCGGTCCGGGCTGCACATGCGACTACGAAGCCCGACTGGCTGGGGCGATCAACTTCCCTCTCTTCGATTACGGATG
TGACGAGGCTGCTGTCTCTAATAAAGAAGTCTATCCGACCTACATGCGGACCCTACCGTCAAGCACTCGTGTTGCAGACACTATGATCATTACTCTACAAATGTTTGATTGGGATCAGGTGACTG
TAGTCCTTCGCAACCACTCGGTCTGGCAACAGGTCTACAGAGTGGTTGAGCAACAATTCAAGGAGAACAACATTACCGTACAACATCTTGAAATCTTTGAGTCTGGGTTCATACCGTACAGCAAC
TCTACGCCCGACCCATTCCCTGACATCATCCGACGTACCAAGGAGACGACAAGAATCTACATCTTTATGGGAGAGATGTACGAGTTGCGGATGTTTGCCATCGATGCTTACGATCAAGGCCTGA
CGACCAGCGGGGAATACGCGATTCTTGGAACTGCCATAGACCACAAGATACGGAGCTCTCAAAACTGGCACAGTATGGACTTTCTAGGCTGGGGTACCTATGAAGACGAGAAGGCTGCTAAGG
CATATGAAGCAGTCCTGATCTTATCATTAAAGGGACCCAAAAGGACCTACGGATACCGATTCTGGACTTCTGATGTCAAAGACGCAGTACGACTCCCTCCGTTCAATGGAACTGGCAATTTTGCA
AAGTTTCAAACCTTTGCAGCTTTCCTGTATGACGCCACCATCCTTTTTGCTAAAGCCCTGCATGAGACACTGGATGCCGGGGAAGATCCGTTTGATGGTCGGGCGATTGTCGGTCGCACCTTTG
GCACGTCTTATCAGAGCGTTTCGCTGCTTGACATTCAGATTGATCACAAAGGCGACGGTGTGTCCCGATTCCTCCTCATGGATATGAACGCTTTACAGATGCCAGACGTTGGCTTGCTACCGGG
CTACCCCGGCATGATTGGTGTCGGCGAATACATCCGAAGCCCTGAAGGCATATGGACTTTCAACAGAACTCGAGAATTCGATGTGGACATCCACTGGCCTAATGATAAGGGCCCCCCACTGGA
CATGCCTGTCTGTGGCTACTACGGTGAACTCTGCCCAAAATACGGCCTGTACTTTGGCCTTGGCGTGCCACTGGTCTTGTTAGTCGTGCTTGTCTTAGTTGGATACTACTTCTACAGGAAACGCA
AGTACGAGGGAGAGCTGGACAGCTTGGTGTGGAAAGTGGACTTCGATGACGTGCAGGCTCGAGGTGGTGAGATGAACAAGTCGGGATTCTCCATGAAGAGCATGGTCATGAGTACAATATCC
GTCATGACGAACCAGGAAACTCAACAAATCTTCACCAGAATCGGAACATACCGGGGGAATGTGTGCGCCATTAAAGCCGTCAACAAGAATCACATCGATATAACCCGTGAGGTCCGCAAAGAAC
TGAAGGCGATGCGAGACGTCCGCCATGACAACGTTTGCCAGTTCGTAGGAGCTTGTGTGGACCTACCGCATATCTGTATCTTGATGACGTACTGCGCCAAGGGTAGCTTGCAGGACATTTTAG
AAAACGACGACATCAAGTTAGACAACATGTTCTTGGCGTCGCTGATCGCCGATCTGGTGAAGGGAATGATCTACTTGCACTCCTCTGAGATTGAGTCCCACGGCAATCTTAAGTCTTCCAACTG
CGTTGTGGACAACCGTTGGGTCTTGCAGATCACCGACTACGGCTTGTGGCAGTTCAAGAAAGGCCAGGTGGAAGATCCTGACATGACTGATGATCTGCGGTACCGAAATATGCTGTGGAGGGC
CCCAGAACTGCTGCGTATGGGTCAGAATGCACCACCAGGCGGCACCCGGAAGGGTGACGTCTACTCGTTTGCCATCATACTGACGGAGATGTACTCGCGGGCTGAACCGTACCACCTGAACG
AAGAAGAACCCAAAGAAATCATTGCGAGGCTGAAGGCTGGGTCCATTCCACCTTATCGCCCGTTGCTTAACGACGTCAACAACAATGCCCCAGAGTGTGTTCTGAAAGCAGTCCGCCAATGCTG
GGAGGAGGATCCGGATGACCGACCAGATTTCTTTGGAGCTCGTTCCACCTTGGCTCCTTTGCAGAAAGGATTGAAACCCAACATCATGGATAACATGATTGCCATCATGGAGCGTTACACCAAT
AACCTGGAGGAACTTGTAGATGAGCGTACTGAGGAACTGCGACGAGAGAAGACCAAGACAGAACAGTTGCTGCATCGCATGCTGCCACCATCCATTGCATCTCAGTTGATGAAAGGAATCTCG
GTTGCTCCAGAAAGCTTTGACATGGTGTCCATCTTCTTCTCTGATATTGTGGGTTTCACTGCTTTGTCTGCTGCCAGTACACCCATTCAGGTTGTCAATCTGCTTAATGCCCTGTACACACTCTTT
GACGCCATCATATCCAACTATGACGTTTATAAGGTTGAAACCATCGGTGATGCTTACATGTTGGTCTCGGGGCTACCGATCCGTAATGGGAACCGTCATGCCGGAATGATCGCCTCAGCTGCTT
GGCATCTCCTAGAGGGGGTAGGGGACTTCATCGTGCCGCACAAACAAGACGAGAAACTCAAACTTCGCATCGGCATTCACTCTGGACCGTGTGTCGCGGGCGTCGTTGGTCTAACCATGCCG
CGGTATTGCCTCTTTGGGGACACGGTCAACACAGCGTCTCGTATGGAATCTAACGGACTCGCGCTCAAAATCCATGTGAGTCCAGAATGCAGACAAGTCCTAGAAGAACTCGGGGGATATGAG
CTGATCGAGAGAGGGCTTGTGGCTATGAAG

>Guanylate_cyclase|Cryptasterina_hystera_2_allele1|TRINITY_DN14443 c2_g11_il
ATGAGACATCTGCAGCTTGTGGCGGTCGTTTTGGTGGCCGGGGTGTTGGTTTCGGAAGGGGCGGAGTACAAAATTGCCCTATTGGTGCCTTTCACTGACCCGCTAACCGGCGTTCCGGCTATT
GGGGATCCTATCGCCGGCGCCTTCCCGTTAGCAATTGATGCCATCAACAGCAGTCCCAGCATCCTACCAGGTCACACACTGACGTGGGAATGGACCGATACCCAGTGCAACGCCAACATAGGA
ATGAAGGCGATCGCCGACTACTGGGCCCGTGGGTTCGTTGGTGTCGTCGGTCCGGGCTGCACATGCGACTACGAAGCCCGACTGGCTGGGGCGATCAACTTCCCTCTCTTCGATTACGGATG
TGACGAGGCTGCTGTCTCTAATAAAGAAGTCTATCCGACCTACATGCGGACCCTACCGTCAAGCACTCGTGTTGCAGACACTATGATCATTACTCTACAAATGTTTGATTGGGATCAGGTGACTG
TAGTCCTTCGCAACCACTCGGTCTGGCAACAGGTCTACAGAGTGGTTGAGCAACAATTCAAGGAGAACAACATTACCGTACAACATCTTGAAATCTTTGAGTCTGGGTTCATACCGTACAGCAAC
TCTACGCCCGACCCATTCCCTGACATCATCCGACGTACCAAGGAGACGACAAGAATCTACATCTTTATGGGAGAGATGTACGAGTTGCGGATGTTTGCCATCGATGCTTACGATCAAGGCCTGA
CGACCAGCGGGGAATACGCGATTCTTGGAACTGCCATAGACCACAAGATACGGAGCTCTCAAAACTGGCACAGTATGGACTTTCTAGGCTGGGGTACCTATGAAGACGAGAAGGCTGCTAAGG
CATATGAAGCAGTCCTGATCTTATCATTAAAGGGACCCAAAAGGACCTACGGATACCGATTCTGGACTTCTGATGTCAAAGACGCAGTACGACTCCCTCCGTTCAATGGAACTGGCAATTTTGCA
AAGTTTCAAACCTTTGCAGCTTTCCTGTATGACGCCACCATCCTTTTTGCTAAAGCCCTGCATGAGACACTGGATGCCGGGGAAGATCCGTTTGATGGTCGGGCGATTGTCGGTCGCACCTTTG
GCACGTCTTATCAGAGCGTTTCGCTGCTTGACATTCAGATTGATCACAAAGGCGACGGTGTGTCCCGATTCCTCCTCATGGATATGAACGCTTTACAGATGCCAGACGTTGGCTTGCTACCGGG
CTACCCCGGCATGATTGGTGTCGGCGAATACATCCGAAGCCCTGAAGGCATATGGACTTTCAACAGAACTCGAGAATTCGATGTGGACATCCACTGGCCTAATGATAAGGGCCCCCCACTGGA
CATGCCTGTCTGTGGCTACTACGGTGAACTCTGCCCAAAATACGGCCTGTACTTTGGCCTTGGCGTGCCACTGGTCTTGTTAGTCGTGCTTGTCTTAGTTGGATACTACTTCTACAGGAAACGCA
AGTACGAGGGAGAGCTGGACAGCTTGGTGTGGAAAGTGGACTTCGATGACGTGCAGGCTCGAGGTGGTGAGATGAACAAGTCGGGATTCTCCATGAAGAGCATGGTCATGAGTACAATATCC
GTCATGACGAACCAGGAAACTCAACAAATCTTCACCAGAATCGGAACATACCGGGGGAATGTGTGCGCCATTAAAGCCGTCAACAAGAATCACATCGATATAACCCGTGAGGTCCGCAAAGAAC
TGAAGGCGATGCGAGACGTCCGCCATGACAACGTTTGCCAGTTCGTAGGAGCTTGTGTGGACCTACCGCATATCTGTATCTTGATGACGTACTGCGCCAAGGGTAGCTTGCAGGACATTTTAG
AAAACGACGACATCAAGTTAGACAACATGTTCTTGGCGTCGCTGATCGCCGATCTGGTGAAGGGAATGATCTACTTGCACTCCTCTGAGATTGAGTCCCACGGCAATCTTAAGTCTTCCAACTG
CGTTGTGGACAACCGTTGGGTCTTGCAGATCACCGACTACGGCTTGTGGCAGTTCAAGAAAGGCCAGGTGGAAGATCCTGACATGACTGATGATCTGCGGTACCGAAATATGCTGTGGAGGGC
CCCAGAACTGCTGCGTATGGGTCAGAATGCACCACCAGGCGGCACCCGGAAGGGTGACGTCTACTCGTTTGCCATCATACTGACGGAGATGTACTCGCGGGCTGAACCGTACCACCTGAACG
AAGAAGAACCCAAAGAAATCATTGCGAGGCTGAAGGCTGGGTCCATTCCACCTTATCGCCCGTTGCTTAACGACGTCAACAACAATGCCCCAGAGTGTGTTCTGAAAGCAGTCCGCCAATGCTG
GGAGGAGGATCCGGATGACCGACCAGATTTCTTTGGAGCTCGTTCCACCTTGGCTCCTTTGCAGAAAGGATTGAAACCCAACATCATGGATAACATGATTGCCATCATGGAGCGTTACACCAAT
AACCTGGAGGAACTTGTAGATGAGCGTACTGAGGAACTGCGACGAGAGAAGACCAAGACAGAACAGTTGCTGCATCGCATGCTGCCACCATCCATTGCATCTCAGTTGATGAAAGGAATCTCG
GTTGCTCCAGAAAGCTTTGACATGGTGTCCATCTTCTTCTCTGATATTGTGGGTTTCACTGCTTTGTCTGCTGCCAGTACACCCATTCAGGTTGTCAATCTGCTTAATGCCCTGTACACACTCTTT
GACGCCATCATATCCAACTATGACGTTTATAAGGTTGAAACCATCGGTGATGCTTACATGTTGGTCTCGGGGCTACCGATCCGTAATGGGAACCGTCATGCCGGAATGATCGCCTCAGCTGCTT
GGCATCTCCTAGAGGGGGTAGGGGACTTCATCGTGCCGCACAAACAAGACGAGAAACTCAAACTTCGCATCGGCATTCACTCTGGACCGTGTGTCGCGGGCGTCGTTGGTCTAACCATGCCG
CGGTATTGCCTCTTTGGGGACACGGTCAACACAGCGTCTCGTATGGAATCTAACGGACTCGCGCTCAAAATCCATGTGAGTCCAGAATGCAGACAAGTCCTAGAAGAACTCGGGGGATATGAG
CTGATCGAGAGAGGGCTTGTGGCTATGAAG

>Guanylate_cyclase|Cryptasterina_hystera_2_allele2|TRINITY_DN14443 c2_g11_il
ATGAGACATCTGCAGCTTGTGGCGGTCGTTTTGGTGGCCGGGGTGTTGGTTTCGGAAGGGGCGGAGTACAAAATTGCCCTATTGGTGCCTTTCACTGACCCGCTAACCGGCGTTCCGGCTATT
GGGGATCCTATCGCCGGCGCCTTCCCGTTAGCAATTGATGCCATCAACAGCAGTCCCAGCATCCTACCAGGTCACACACTGACGTGGGAATGGACCGATACCCAGTGCAACGCCAACATAGGA
ATGAAGGCGATCGCCGACTACTGGGCCCGTGGGTTCGTTGGTGTCGTCGGTCCGGGCTGCACATGCGACTACGAAGCCCGACTGGCTGGGGCGATCAACTTCCCTCTCTTCGATTACGGATG
TGACGAGGCTGCTGTCTCTAATAAAGAAGTCTATCCGACCTACATGCGGACCCTACCGTCAAGCACTCGTGTTGCAGACACTATGATCATTACTCTACAAATGTTTGATTGGGATCAGGTGACTG
TAGTCCTTCGCAACCACTCGGTCTGGCAACAGGTCTACAGAGTGGTTGAGCAACAATTCAAGGAGAACAACATTACCGTACAACATCTTGAAATCTTTGAGTCTGGGTTCATACCGTACAGCAAC
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TCTACGCCCGACCCATTCCCTGACATCATCCGACGTACCAAGGAGACGACAAGAATCTACATCTTTATGGGAGAGATGTACGAGTTGCGGATGTTTGCCATCGATGCTTACGATCAAGGCCTGA
CGACCAGCGGGGAATACGCGATTCTTGGAACTGCCATAGACCACAAGATACGGAGCTCTCAAAACTGGCACAGTATGGACTTTCTAGGCTGGGGTACCTATGAAGACGAGAAGGCTGCTAAGG
CATATGAAGCAGTCCTGATCTTATCATTAAAGGGACCCAAAAGGACCTACGGATACCGATTCTGGACTTCTGATGTCAAAGACGCAGTACGACTCCCTCCGTTCAATGGAACTGGCAATTTTGCA
AAGTTTCAAACCTTTGCAGCTTTCCTGTATGACGCCACCATCCTTTTTGCTAAAGCCCTGCATGAGACACTGGATGCCGGGGAAGATCCGTTTGATGGTCGGGCGATTGTCGGTCGCACCTTTG
GCACGTCTTATCAGAGCGTTTCGCTGCTTGACATTCAGATTGATCACAAAGGCGACGGTGTGTCCCGATTCCTCCTCATGGATATGAACGCTTTACAGATGCCAGACGTTGGCTTGCTACCGGG
CTACCCCGGCATGATTGGTGTCGGCGAATACATCCGAAGCCCTGAAGGCATATGGACTTTCAACAGAACTCGAGAATTCGATGTGGACATCCACTGGCCTAATGATAAGGGCCCCCCACTGGA
CATGCCTGTCTGTGGCTACTACGGTGAACTCTGCCCAAAATACGGCCTGTACTTTGGCCTTGGCGTGCCACTGGTCTTGTTAGTCGTGCTTGTCTTAGTTGGATACTACTTCTACAGGAAACGCA
AGTACGAGGGAGAGCTGGACAGCTTGGTGTGGAAAGTGGACTTCGATGACGTGCAGGCTCGAGGTGGTGAGATGAACAAGTCGGGATTCTCCATGAAGAGCATGGTCATGAGTACAATATCC
GTCATGACGAACCAGGAAACTCAACAAATCTTCACCAGAATCGGAACATACCGGGGGAATGTGTGCGCCATTAAAGCCGTCAACAAGAATCACATCGATATAACCCGTGAGGTCCGCAAAGAAC
TGAAGGCGATGCGAGACGTCCGCCATGACAACGTTTGCCAGTTCGTAGGAGCTTGTGTGGACCTACCGCATATCTGTATCTTGATGACGTACTGCGCCAAGGGTAGCTTGCAGGACATTTTAG
AAAACGACGACATCAAGTTAGACAACATGTTCTTGGCGTCGCTGATCGCCGATCTGGTGAAGGGAATGATCTACTTGCACTCCTCTGAGATTGAGTCCCACGGCAATCTTAAGTCTTCCAACTG
CGTTGTGGACAACCGTTGGGTCTTGCAGATCACCGACTACGGCTTGTGGCAGTTCAAGAAAGGCCAGGTGGAAGATCCTGACATGACTGATGATCTGCGGTACCGAAATATGCTGTGGAGGGC
CCCAGAACTGCTGCGTATGGGTCAGAATGCACCACCAGGCGGCACCCGGAAGGGTGACGTCTACTCGTTTGCCATCATACTGACGGAGATGTACTCGCGGGCTGAACCGTACCACCTGAACG
AAGAAGAACCCAAAGAAATCATTGCGAGGCTGAAGGCTGGGTCCATTCCACCTTATCGCCCGTTGCTTAACGACGTCAACAACAATGCCCCAGAGTGTGTTCTGAAAGCAGTCCGCCAATGCTG
GGAGGAGGATCCGGATGACCGACCAGATTTCTTTGGAGCTCGTTCCACCTTGGCTCCTTTGCAGAAAGGATTGAAACCCAACATCATGGATAACATGATTGCCATCATGGAGCGTTACACCAAT
AACCTGGAGGAACTTGTAGATGAGCGTACTGAGGAACTGCGACGAGAGAAGACCAAGACAGAACAGTTGCTGCATCGCATGCTGCCACCATCCATTGCATCTCAGTTGATGAAAGGAATCTCG
GTTGCTCCAGAAAGCTTTGACATGGTGTCCATCTTCTTCTCTGATATTGTGGGTTTCACTGCTTTGTCTGCTGCCAGTACACCCATTCAGGTTGTCAATCTGCTTAATGCCCTGTACACACTCTTT
GACGCCATCATATCCAACTATGACGTTTATAAGGTTGAAACCATCGGTGATGCTTACATGTTGGTCTCGGGGCTACCGATCCGTAATGGGAACCGTCATGCCGGAATGATCGCCTCAGCTGCTT
GGCATCTCCTAGAGGGGGTAGGGGACTTCATCGTGCCGCACAAACAAGACGAGAAACTCAAACTTCGCATCGGCATTCACTCTGGACCGTGTGTCGCGGGCGTCGTTGGTCTAACCATGCCG
CGGTATTGCCTCTTTGGGGACACGGTCAACACAGCGTCTCGTATGGAATCTAACGGACTCGCGCTCAAAATCCATGTGAGTCCAGAATGCAGACAAGTCCTAGAAGAACTCGGGGGATATGAG
CTGATCGAGAGAGGGCTTGTGGCTATGAAG

>Guanylate_cyclase|Cryptasterina_hystera_3_allelel|TRINITY_DN17718_c5_g3_i2
ATGAGACATCTGCAGCTTGTGGCGGTCGTTTTGGTGGCCGGGGTGTTGGTTTCGGAAGGGGCGGAGTACAAAATTGCCCTATTGGTGCCTTTCACTGACCCGCTAACCGGCGTTCCGGCTATT
GGGGATCCTATCGCCGGCGCCTTCCCGTTAGCAATTGATGCCATCAACAGCAGTCCCAGCATCCTACCAGGTCACACACTGACGTGGGAATGGACCGATACCCAGTGCAACGCCAACATAGGA
ATGAAGGCGATCGCCGACTACTGGGCCCGTGGGTTCGTTGGTGTCGTCGGTCCGGGCTGCACATGCGACTACGAAGCCCGACTGGCTGGGGCGATCAACTTCCCTCTCTTCGATTACGGATG
TGACGAGGCTGCTGTCTCTAATAAAGAAGTCTATCCGACCTACATGCGGACCCTACCGTCAAGCACTCGTGTTGCAGACACTATGATCATTACTCTACAAATGTTTGATTGGGATCAGGTGACTG
TAGTCCTTCGCAACCACTCGGTCTGGCAACAGGTCTACAGAGTGGTTGAGCAACAATTCAAGGAGAACAACATTACCGTACAACATCTTGAAATCTTTGAGTCTGGGTTCATACCGTACAGCAAC
TCTACGCCCGACCCATTCCCTGACATCATCCGACGTACCAAGGAGACGACAAGAATCTACATCTTTATGGGAGAGATGTACGAGTTGCGGATGTTTGCCATCGATGCTTACGATCAAGGCCTGA
CGACCAGCGGGGAATACGCGATTCTTGGAACTGCCATAGACCACAAGATACGGAGCTCTCAAAACTGGCACAGTATGGACTTTCTAGGCTGGGGTACCTATGAAGACGAGAAGGCTGCTAAGG
CATATGAAGCAGTCCTGATCTTATCATTAAAGGGACCCAAAAGGACCTACGGATACCGATTCTGGACTTCTGATGTCAAAGACGCAGTACGACTCCCTCCGTTCAATGGAACTGGCAATTTTGCA
AAGTTTCAAACCTTTGCAGCTTTCCTGTATGACGCCACCATCCTTTTTGCTAAAGCCCTGCATGAGACACTGGATGCCGGGGAAGATCCGTTTGATGGTCGGGCGATTGTCGGTCGCACCTTTG
GCACGTCTTATCAGAGCGTTTCGCTGCTTGACATTCAGATTGATCACAAAGGCGACGGTGTGTCCCGATTCCTCCTCATGGATATGAACGCTTTACAGATGCCAGACGTTGGCTTGCTACCGGG
CTACCCCGGCATGATTGGTGTCGGCGAATACATCCGAAGCCCTGAAGGCATATGGACTTTCAACAGAACTCGAGAATTCGATGTGGACATCCACTGGCCTAATGATAAGGGCCCCCCACTGGA
CATGCCTGTCTGTGGCTACTACGGTGAACTCTGCCCAAAATACGGCCTGTACTTTGGCCTTGGCGTGCCACTGGTCTTGTTAGTCGTGCTTGTCTTAGTTGGATACTACTTCTACAGGAAACGCA
AGTACGAGGGAGAGCTGGACAGCTTGGTGTGGAAAGTGGACTTCGATGACGTGCAGGCTCGAGGTGGTGAGATGAACAAGTCGGGATTCTCCATGAAGAGCATGGTCATGAGTACAATATCC
GTCATGACGAACCAGGAAACTCAACAAATCTTCACCAGAATCGGAACATACCGGGGGAATGTGTGCGCCATTAAAGCCGTCAACAAGAATCACATCGATATAACCCGTGAGGTCCGCAAAGAAC
TGAAGGCGATGCGAGACGTCCGCCATGACAACGTTTGCCAGTTCGTAGGAGCTTGTGTGGACCTACCGCATATCTGTATCTTGATGACGTACTGCGCCAAGGGTAGCTTGCAGGACATTTTAG
AAAACGACGACATCAAGTTAGACAACATGTTCTTGGCGTCGCTGATCGCCGATCTGGTGAAGGGAATGATCTACTTGCACTCCTCTGAGATTGAGTCCCACGGCAATCTTAAGTCTTCCAACTG
CGTTGTGGACAACCGTTGGGTCTTGCAGATCACCGACTACGGCTTGTGGCAGTTCAAGAAAGGCCAGGTGGAAGATCCTGACATGACTGATGATCTGCGGTACCGAAATATGCTGTGGAGGGC
CCCAGAACTGCTGCGTATGGGTCAGAATGCACCACCAGGCGGCACCCGGAAGGGTGACGTCTACTCGTTTGCCATCATACTGACGGAGATGTACTCGCGGGCTGAACCGTACCACCTGAACG
AAGAAGAACCCAAAGAAATCATTGCGAGGCTGAAGGCTGGGTCCATTCCACCTTATCGCCCGTTGCTTAACGACGTCAACAACAATGCCCCAGAGTGTGTTCTGAAAGCAGTCCGCCAATGCTG
GGAGGAGGATCCGGATGACCGACCAGATTTCTTTGGAGCTCGTTCCACCTTGGCTCCTTTGCAGAAAGGATTGAAACCCAACATCATGGATAACATGATTGCCATCATGGAGCGTTACACCAAT
AACCTGGAGGAACTTGTAGATGAGCGTACTGAGGAACTGCGACGAGAGAAGACCAAGACAGAACAGTTGCTGCATCGCATGCTGCCACCATCCATTGCATCTCAGTTGATGAAAGGAATCTCG
GTTGCTCCAGAAAGCTTTGACATGGTGTCCATCTTCTTCTCTGATATTGTGGGTTTCACTGCTTTGTCTGCTGCCAGTACACCCATTCAGGTTGTCAATCTGCTTAATGCCCTGTACACACTCTTT
GACGCCATCATATCCAACTATGACGTTTATAAGGTTGAAACCATCGGTGATGCTTACATGTTGGTCTCGGGGCTACCGATCCGTAATGGGAACCGTCATGCCGGAATGATCGCCTCAGCTGCTT
GGCATCTCCTAGAGGGGGTAGGGGACTTCATCGTGCCGCACAAACAAGACGAGAAACTCAAACTTCGCATCGGCATTCACTCTGGACCGTGTGTCGCGGGCGTCGTTGGTCTAACCATGCCG
CGGTATTGCCTCTTTGGGGACACGGTCAACACAGCGTCTCGTATGGAATCTAACGGACTCGCGCTCAAAATCCATGTGAGTCCAGAATGCAGACAAGTCCTAGAAGAACTCGGGGGATATGAG
CTGATCGAGAGAGGGCTTGTGGCTATGAAG

>Guanylate_cyclase|Cryptasterina_hystera_3_allele2|TRINITY_DN17718_c5_g3_i2
ATGAGACATCTGCAGCTTGTGGCGGTCGTTTTGGTGGCCGGGGTGTTGGTTTCGGAAGGGGCGGAGTACAAAATTGCCCTATTGGTGCCTTTCACTGACCCGCTAACCGGCGTTCCGGCTATT
GGGGATCCTATCGCCGGCGCCTTCCCGTTAGCAATTGATGCCATCAACAGCAGTCCCAGCATCCTACCAGGTCACACACTGACGTGGGAATGGACCGATACCCAGTGCAACGCCAACATAGGA
ATGAAGGCGATCGCCGACTACTGGGCCCGTGGGTTCGTTGGTGTCGTCGGTCCGGGCTGCACATGCGACTACGAAGCCCGACTGGCTGGGGCGATCAACTTCCCTCTCTTCGATTACGGATG
TGACGAGGCTGCTGTCTCTAATAAAGAAGTCTATCCGACCTACATGCGGACCCTACCGTCAAGCACTCGTGTTGCAGACACTATGATCATTACTCTACAAATGTTTGATTGGGATCAGGTGACTG
TAGTCCTTCGCAACCACTCGGTCTGGCAACAGGTCTACAGAGTGGTTGAGCAACAATTCAAGGAGAACAACATTACCGTACAACATCTTGAAATCTTTGAGTCTGGGTTCATACCGTACAGCAAC
TCTACGCCCGACCCATTCCCTGACATCATCCGACGTACCAAGGAGACGACAAGAATCTACATCTTTATGGGAGAGATGTACGAGTTGCGGATGTTTGCCATCGATGCTTACGATCAAGGCCTGA
CGACCAGCGGGGAATACGCGATTCTTGGAACTGCCATAGACCACAAGATACGGAGCTCTCAAAACTGGCACAGTATGGACTTTCTAGGCTGGGGTACCTATGAAGACGAGAAGGCTGCTAAGG
CATATGAAGCAGTCCTGATCTTATCATTAAAGGGACCCAAAAGGACCTACGGATACCGATTCTGGACTTCTGATGTCAAAGACGCAGTACGACTCCCTCCGTTCAATGGAACTGGCAATTTTGCA
AAGTTTCAAACCTTTGCAGCTTTCCTGTATGACGCCACCATCCTTTTTGCTAAAGCCCTGCATGAGACACTGGATGCCGGGGAAGATCCGTTTGATGGTCGGGCGATTGTCGGTCGCACCTTTG
GCACGTCTTATCAGAGCGTTTCGCTGCTTGACATTCAGATTGATCACAAAGGCGACGGTGTGTCCCGATTCCTCCTCATGGATATGAACGCTTTACAGATGCCAGACGTTGGCTTGCTACCGGG
CTACCCCGGCATGATTGGTGTCGGCGAATACATCCGAAGCCCTGAAGGCATATGGACTTTCAACAGAACTCGAGAATTCGATGTGGACATCCACTGGCCTAATGATAAGGGCCCCCCACTGGA
CATGCCTGTCTGTGGCTACTACGGTGAACTCTGCCCAAAATACGGCCTGTACTTTGGCCTTGGCGTGCCACTGGTCTTGTTAGTCGTGCTTGTCTTAGTTGGATACTACTTCTACAGGAAACGCA
AGTACGAGGGAGAGCTGGACAGCTTGGTGTGGAAAGTGGACTTCGATGACGTGCAGGCTCGAGGTGGTGAGATGAACAAGTCGGGATTCTCCATGAAGAGCATGGTCATGAGTACAATATCC
GTCATGACGAACCAGGAAACTCAACAAATCTTCACCAGAATCGGAACATACCGGGGGAATGTGTGCGCCATTAAAGCCGTCAACAAGAATCACATCGATATAACCCGTGAGGTCCGCAAAGAAC
TGAAGGCGATGCGAGACGTCCGCCATGACAACGTTTGCCAGTTCGTAGGAGCTTGTGTGGACCTACCGCATATCTGTATCTTGATGACGTACTGCGCCAAGGGTAGCTTGCAGGACATTTTAG
AAAACGACGACATCAAGTTAGACAACATGTTCTTGGCGTCGCTGATCGCCGATCTGGTGAAGGGAATGATCTACTTGCACTCCTCTGAGATTGAGTCCCACGGCAATCTTAAGTCTTCCAACTG
CGTTGTGGACAACCGTTGGGTCTTGCAGATCACCGACTACGGCTTGTGGCAGTTCAAGAAAGGCCAGGTGGAAGATCCTGACATGACTGATGATCTGCGGTACCGAAATATGCTGTGGAGGGC
CCCAGAACTGCTGCGTATGGGTCAGAATGCACCACCAGGCGGCACCCGGAAGGGTGACGTCTACTCGTTTGCCATCATACTGACGGAGATGTACTCGCGGGCTGAACCGTACCACCTGAACG
AAGAAGAACCCAAAGAAATCATTGCGAGGCTGAAGGCTGGGTCCATTCCACCTTATCGCCCGTTGCTTAACGACGTCAACAACAATGCCCCAGAGTGTGTTCTGAAAGCAGTCCGCCAATGCTG
GGAGGAGGATCCGGATGACCGACCAGATTTCTTTGGAGCTCGTTCCACCTTGGCTCCTTTGCAGAAAGGATTGAAACCCAACATCATGGATAACATGATTGCCATCATGGAGCGTTACACCAAT
AACCTGGAGGAACTTGTAGATGAGCGTACTGAGGAACTGCGACGAGAGAAGACCAAGACAGAACAGTTGCTGCATCGCATGCTGCCACCATCCATTGCATCTCAGTTGATGAAAGGAATCTCG
GTTGCTCCAGAAAGCTTTGACATGGTGTCCATCTTCTTCTCTGATATTGTGGGTTTCACTGCTTTGTCTGCTGCCAGTACACCCATTCAGGTTGTCAATCTGCTTAATGCCCTGTACACACTCTTT
GACGCCATCATATCCAACTATGACGTTTATAAGGTTGAAACCATCGGTGATGCTTACATGTTGGTCTCGGGGCTACCGATCCGTAATGGGAACCGTCATGCCGGAATGATCGCCTCAGCTGCTT
GGCATCTCCTAGAGGGGGTAGGGGACTTCATCGTGCCGCACAAACAAGACGAGAAACTCAAACTTCGCATCGGCATTCACTCTGGACCGTGTGTCGCGGGCGTCGTTGGTCTAACCATGCCG
CGGTATTGCCTCTTTGGGGACACGGTCAACACAGCGTCTCGTATGGAATCTAACGGACTCGCGCTCAAAATCCATGTGAGTCCAGAATGCAGACAAGTCCTAGAAGAACTCGGGGGATATGAG
CTGATCGAGAGAGGGCTTGTGGCTATGAAG

>Guanylate_cyclase|Cryptasterina_hystera_4_allele1[TRINITY_DN20802_c6_g3_i1
ATGAGACATCTGCAGCTTGTGGCGGTCGTTTTGGTGGCCGGGGTGTTGGTTTCGGAAGGGGCGGAGTACAAAATTGCCCTATTGGTGCCTTTCACTGACCCGCTAACCGGCGTTCCGGCTATT
GGGGATCCTATCGCCGGCGCCTTCCCGTTAGCAATTGATGCCATCAACAGCAGTCCCAGCATCCTACCAGGTCACACACTGACGTGGGAATGGACCGATACCCAGTGCAACGCCAACATAGGA
ATGAAGGCGATCGCCGACTACTGGGCCCGTGGGTTCGTTGGTGTCGTCGGTCCGGGCTGCACATGCGACTACGAAGCCCGACTGGCTGGGGCGATCAACTTCCCTCTCTTCGATTACGGATG
TGACGAGGCTGCTGTCTCTAATAAAGAAGTCTATCCGACCTACATGCGGACCCTACCGTCAAGCACTCGTGTTGCAGACACTATGATCATTACTCTACAAATGTTTGATTGGGATCAGGTGACTG
TAGTCCTTCGCAACCACTCGGTCTGGCAACAGGTCTACAGAGTGGTTGAGCAACAATTCAAGGAGAACAACATTACCGTACAACATCTTGAAATCTTTGAGTCTGGGTTCATACCGTACAGCAAC
TCTACGCCCGACCCATTCCCTGACATCATCCGACGTACCAAGGAGACGACAAGAATCTACATCTTTATGGGAGAGATGTACGAGTTGCGGATGTTTGCCATCGATGCTTACGATCAAGGCCTGA
CGACCAGCGGGGAATACGCGATTCTTGGAACTGCCATAGACCACAAGATACGGAGCTCTCAAAACTGGCACAGTATGGACTTTCTAGGCTGGGGTACCTATGAAGACGAGAAGGCTGCTAAGG
CATATGAAGCAGTCCTGATCTTATCATTAAAGGGACCCAAAAGGACCTACGGATACCGATTCTGGACTTCTGATGTCAAAGACGCAGTACGACTCCCTCCGTTCAATGGAACTGGCAATTTTGCA
AAGTTTCAAACCTTTGCAGCTTTCCTGTATGACGCCACCATCCTTTTTGCTAAAGCCCTGCATGAGACACTGGATGCCGGGGAAGATCCGTTTGATGGTCGGGCGATTGTCGGTCGCACCTTTG
GCACGTCTTATCAGAGCGTTTCGCTGCTTGACATTCAGATTGATCACAAAGGCGACGGTGTGTCCCGATTCCTCCTCATGGATATGAACGCTTTACAGATGCCAGACGTTGGCTTGCTACCGGG
CTACCCCGGCATGATTGGTGTCGGCGAATACATCCGAAGCCCTGAAGGCATATGGACTTTCAACAGAACTCGAGAATTCGATGTGGACATCCACTGGCCTAATGATAAGGGCCCCCCACTGGA
CATGCCTGTCTGTGGCTACTACGGTGAACTCTGCCCAAAATACGGCCTGTACTTTGGCCTTGGCGTGCCACTGGTCTTGTTAGTCGTGCTTGTCTTAGTTGGATACTACTTCTACAGGAAACGCA
AGTACGAGGGAGAGCTGGACAGCTTGGTGTGGAAAGTGGACTTCGATGACGTGCAGGCTCGAGGTGGTGAGATGAACAAGTCGGGATTCTCCATGAAGAGCATGGTCATGAGTACAATATCC
GTCATGACGAACCAGGAAACTCAACAAATCTTCACCAGAATCGGAACATACCGGGGGAATGTGTGCGCCATTAAAGCCGTCAACAAGAATCACATCGATATAACCCGTGAGGTCCGCAAAGAAC
TGAAGGCGATGCGAGACGTCCGCCATGACAACGTTTGCCAGTTCGTAGGAGCTTGTGTGGACCTACCGCATATCTGTATCTTGATGACGTACTGCGCCAAGGGTAGCTTGCAGGACATTTTAG
AAAACGACGACATCAAGTTAGACAACATGTTCTTGGCGTCGCTGATCGCCGATCTGGTGAAGGGAATGATCTACTTGCACTCCTCTGAGATTGAGTCCCACGGCAATCTTAAGTCTTCCAACTG
CGTTGTGGACAACCGTTGGGTCTTGCAGATCACCGACTACGGCTTGTGGCAGTTCAAGAAAGGCCAGGTGGAAGATCCTGACATGACTGATGATCTGCGGTACCGAAATATGCTGTGGAGGGC
CCCAGAACTGCTGCGTATGGGTCAGAATGCACCACCAGGCGGCACCCGGAAGGGTGACGTCTACTCGTTTGCCATCATACTGACGGAGATGTACTCGCGGGCTGAACCGTACCACCTGAACG
AAGAAGAACCCAAAGAAATCATTGCGAGGCTGAAGGCTGGGTCCATTCCACCTTATCGCCCGTTGCTTAACGACGTCAACAACAATGCCCCAGAGTGTGTTCTGAAAGCAGTCCGCCAATGCTG
GGAGGAGGATCCGGATGACCGACCAGATTTCTTTGGAGCTCGTTCCACCTTGGCTCCTTTGCAGAAAGGATTGAAACCCAACATCATGGATAACATGATTGCCATCATGGAGCGTTACACCAAT
AACCTGGAGGAACTTGTAGATGAGCGTACTGAGGAACTGCGACGAGAGAAGACCAAGACAGAACAGTTGCTGCATCGCATGCTGCCACCATCCATTGCATCTCAGTTGATGAAAGGAATCTCG
GTTGCTCCAGAAAGCTTTGACATGGTGTCCATCTTCTTCTCTGATATTGTGGGTTTCACTGCTTTGTCTGCTGCCAGTACACCCATTCAGGTTGTCAATCTGCTTAATGCCCTGTACACACTCTTT
GACGCCATCATATCCAACTATGACGTTTATAAGGTTGAAACCATCGGTGATGCTTACATGTTGGTCTCGGGGCTACCGATCCGTAATGGGAACCGTCATGCCGGAATGATCGCCTCAGCTGCTT
GGCATCTCCTAGAGGGGGTAGGGGACTTCATCGTGCCGCACAAACAAGACGAGAAACTCAAACTTCGCATCGGCATTCACTCTGGACCGTGTGTCGCGGGCGTCGTTGGTCTAACCATGCCG
CGGTATTGCCTCTTTGGGGACACGGTCAACACAGCGTCTCGTATGGAATCTAACGGACTCGCGCTCAAAATCCATGTGAGTCCAGAATGCAGACAAGTCCTAGAAGAACTCGGGGGATATGAG
CTGATCGAGAGAGGGCTTGTGGCTATGAAG

>Guanylate_cyclase|Cryptasterina_hystera_4_allele2| TRINITY_DN20802_c6_g3_il
ATGAGACATCTGCAGCTTGTGGCGGTCGTTTTGGTGGCCGGGGTGTTGGTTTCGGAAGGGGCGGAGTACAAAATTGCCCTATTGGTGCCTTTCACTGACCCGCTAACCGGCGTTCCGGCTATT
GGGGATCCTATCGCCGGCGCCTTCCCGTTAGCAATTGATGCCATCAACAGCAGTCCCAGCATCCTACCAGGTCACACACTGACGTGGGAATGGACCGATACCCAGTGCAACGCCAACATAGGA
ATGAAGGCGATCGCCGACTACTGGGCCCGTGGGTTCGTTGGTGTCGTCGGTCCGGGCTGCACATGCGACTACGAAGCCCGACTGGCTGGGGCGATCAACTTCCCTCTCTTCGATTACGGATG
TGACGAGGCTGCTGTCTCTAATAAAGAAGTCTATCCGACCTACATGCGGACCCTACCGTCAAGCACTCGTGTTGCAGACACTATGATCATTACTCTACAAATGTTTGATTGGGATCAGGTGACTG
TAGTCCTTCGCAACCACTCGGTCTGGCAACAGGTCTACAGAGTGGTTGAGCAACAATTCAAGGAGAACAACATTACCGTACAACATCTTGAAATCTTTGAGTCTGGGTTCATACCGTACAGCAAC
TCTACGCCCGACCCATTCCCTGACATCATCCGACGTACCAAGGAGACGACAAGAATCTACATCTTTATGGGAGAGATGTACGAGTTGCGGATGTTTGCCATCGATGCTTACGATCAAGGCCTGA
CGACCAGCGGGGAATACGCGATTCTTGGAACTGCCATAGACCACAAGATACGGAGCTCTCAAAACTGGCACAGTATGGACTTTCTAGGCTGGGGTACCTATGAAGACGAGAAGGCTGCTAAGG
CATATGAAGCAGTCCTGATCTTATCATTAAAGGGACCCAAAAGGACCTACGGATACCGATTCTGGACTTCTGATGTCAAAGACGCAGTACGACTCCCTCCGTTCAATGGAACTGGCAATTTTGCA
AAGTTTCAAACCTTTGCAGCTTTCCTGTATGACGCCACCATCCTTTTTGCTAAAGCCCTGCATGAGACACTGGATGCCGGGGAAGATCCGTTTGATGGTCGGGCGATTGTCGGTCGCACCTTTG
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GCACGTCTTATCAGAGCGTTTCGCTGCTTGACATTCAGATTGATCACAAAGGCGACGGTGTGTCCCGATTCCTCCTCATGGATATGAACGCTTTACAGATGCCAGACGTTGGCTTGCTACCGGG
CTACCCCGGCATGATTGGTGTCGGCGAATACATCCGAAGCCCTGAAGGCATATGGACTTTCAACAGAACTCGAGAATTCGATGTGGACATCCACTGGCCTAATGATAAGGGCCCCCCACTGGA
CATGCCTGTCTGTGGCTACTACGGTGAACTCTGCCCAAAATACGGCCTGTACTTTGGCCTTGGCGTGCCACTGGTCTTGTTAGTCGTGCTTGTCTTAGTTGGATACTACTTCTACAGGAAACGCA
AGTACGAGGGAGAGCTGGACAGCTTGGTGTGGAAAGTGGACTTCGATGACGTGCAGGCTCGAGGTGGTGAGATGAACAAGTCGGGATTCTCCATGAAGAGCATGGTCATGAGTACAATATCC
GTCATGACGAACCAGGAAACTCAACAAATCTTCACCAGAATCGGAACATACCGGGGGAATGTGTGCGCCATTAAAGCCGTCAACAAGAATCACATCGATATAACCCGTGAGGTCCGCAAAGAAC
TGAAGGCGATGCGAGACGTCCGCCATGACAACGTTTGCCAGTTCGTAGGAGCTTGTGTGGACCTACCGCATATCTGTATCTTGATGACGTACTGCGCCAAGGGTAGCTTGCAGGACATTTTAG
AAAACGACGACATCAAGTTAGACAACATGTTCTTGGCGTCGCTGATCGCCGATCTGGTGAAGGGAATGATCTACTTGCACTCCTCTGAGATTGAGTCCCACGGCAATCTTAAGTCTTCCAACTG
CGTTGTGGACAACCGTTGGGTCTTGCAGATCACCGACTACGGCTTGTGGCAGTTCAAGAAAGGCCAGGTGGAAGATCCTGACATGACTGATGATCTGCGGTACCGAAATATGCTGTGGAGGGC
CCCAGAACTGCTGCGTATGGGTCAGAATGCACCACCAGGCGGCACCCGGAAGGGTGACGTCTACTCGTTTGCCATCATACTGACGGAGATGTACTCGCGGGCTGAACCGTACCACCTGAACG
AAGAAGAACCCAAAGAAATCATTGCGAGGCTGAAGGCTGGGTCCATTCCACCTTATCGCCCGTTGCTTAACGACGTCAACAACAATGCCCCAGAGTGTGTTCTGAAAGCAGTCCGCCAATGCTG
GGAGGAGGATCCGGATGACCGACCAGATTTCTTTGGAGCTCGTTCCACCTTGGCTCCTTTGCAGAAAGGATTGAAACCCAACATCATGGATAACATGATTGCCATCATGGAGCGTTACACCAAT
AACCTGGAGGAACTTGTAGATGAGCGTACTGAGGAACTGCGACGAGAGAAGACCAAGACAGAACAGTTGCTGCATCGCATGCTGCCACCATCCATTGCATCTCAGTTGATGAAAGGAATCTCG
GTTGCTCCAGAAAGCTTTGACATGGTGTCCATCTTCTTCTCTGATATTGTGGGTTTCACTGCTTTGTCTGCTGCCAGTACACCCATTCAGGTTGTCAATCTGCTTAATGCCCTGTACACACTCTTT
GACGCCATCATATCCAACTATGACGTTTATAAGGTTGAAACCATCGGTGATGCTTACATGTTGGTCTCGGGGCTACCGATCCGTAATGGGAACCGTCATGCCGGAATGATCGCCTCAGCTGCTT
GGCATCTCCTAGAGGGGGTAGGGGACTTCATCGTGCCGCACAAACAAGACGAGAAACTCAAACTTCGCATCGGCATTCACTCTGGACCGTGTGTCGCGGGCGTCGTTGGTCTAACCATGCCG
CGGTATTGCCTCTTTGGGGACACGGTCAACACAGCGTCTCGTATGGAATCTAACGGACTCGCGCTCAAAATCCATGTGAGTCCAGAATGCAGACAAGTCCTAGAAGAACTCGGGGGATATGAG
CTGATCGAGAGAGGGCTTGTGGCTATGAAG

>Guanylate_cyclase|Cryptasterina_pentagona_6_allele1|TRINITY_DN20305_c1_g1_i7
ATGAGACATCTGCAGCTTGTGGCGGTCGTTTTGGTGGCCGGGGTGTTGGTTTCGGAAGGGGCGGAGTACAAAATTGCCCTATTGGTGCCTTTCACTGACCCGCTAACCGGCGTTCCGGCTATT
GGGGATCCTATCGCCGGCGCCTTCCCGTTAGCAATTGATGCCATCAACAGCAGTCCCAGCATCCTACCAGGTCACACACTGACGTGGGAATGGACCGATACCCAGTGCAACGCCAACATAGGA
ATGAAGGCGATCGCCGACTACTGGGCCCGTGGGTTCGTTGGTGTCGTCGGTCCGGGCTGCACATGCGACTACGAAGCCCGACTGGCTGGGGCGATCAACTTCCCTCTCTTCGATTACGGATG
TGACGAGGCTGCTGTCTCTAATAAAGAAGTCTATCCGACCTACATGCGGACCCTACCGTCAAGCGCTCGTGTTGCAGACACTATGATCATTACTCTACAAATGTTTGATTGGGATCAGGTGACTG
TAGTCCTTCGCAACCACTCGGTCTGGCAACAGGTCTACAGAGTGGTTGAGCAACAATTCAAGGAGAACAACATTACCGTACAACATCTTGAAATCTTTGAGTCTGGGTTCATACCGTACAGCAAC
TCTACGCCCGACCCATTCCCTGACATCATCCGACGTACCAAGGAGACGACAAGAATCTACATCTTTATGGGAGAGATGTATGAGTTGCGGATGTTTGCCATCGATGCTTACGATCAAGGCCTGA
CGACCAGCGGGGAATATGCGATTCTTGGAACTGCCATAGACCACAAGATACGGAGCTCTCAAAACTGGCACAGTATGGACTTTCTAGGCTGGGGTACCTATGAAGACGAGAAGGCTGCTAAGG
CATATGAAGCAGTCCTGATCTTATCATTAAAGGGACCCAAGAGGACCTACGGATACCGATTCTGGACTTCTGATGTCAAAGACGCAGTACGACTCCCTCCGTTCAATGGAACTGGCAATTTTGCA
AAGTTTCAAACCTTTGCAGCTTTCCTGTATGACGCCACCATCCTTTTTGCTAAAGCCCTGCATGAGACACTGGATGCCGGGGAAGATCCGTTTGATGGTCGGGCGATTGTCGGTCGCACCTTTG
GCACGTCTTATCAGAGCGTTTCGCTGCTTGACATTCAGATTGATCACAAAGGCGACGGTGTGTCCCGATTCCTCCTCATGGATATGAACGCTTTACAGATGCCAGACGTTGGCTTGCTACCGGG
CTACCCCGGCATGATTGGTGTCGGCGAATACATCCGAAGCCCTGAAGGCATATGGACTTTCAACAGAACTCGAGAATTCGATGTTGACATCCACTGGCCTAATGATAAGGGTCCCCCACTGGAC
ATGCCTGTCTGTGGCTACTACGGTGAACTCTGCCCAAAATACGGCCTGTACTTTGGCCTCGGCGTGCCACTGGTCTTGTTAGTCGTGCTTGTCTTAGTTGGATACTACTTCTACAGGAAACGCA
AGTACGAGGGAGAGCTGGACAGCTTGGTGTGGAAAGTGGACTTTGATGACGTGCAGGCTCGAGGTGGTGAGATGAACAAGTCGGGATTCTCCATGAAGAGCATGGTCATGAGTACGATATCC
GTCATGACGAACCAGGAAACTCAACAAATCTTCACCAGAATCGGAACATACCGGGGGAATGTGTGCGCCATTAAAGCCGTCAACAAGAATCACATCGATATAACCCGTGAGGTCCGCAAAGAAC
TGAAGGCGATGCGAGACGTCCGCCATGACAACGTTTGCCAGTTCGTAGGAGCTTGTGTGGACCTACCGCATATCTGTATCTTGATGACGTACTGCGCCAAGGGTAGCTTGCAGGACATTTTGG
AAAACGACGACATCAAGCTAGACAACATGTTCTTGGCTTCGCTGATCGCCGATCTGGTGAAGGGAATGATCTACTTGCACTCCTCTGAGATTGAGTCCCATGGCAATCTCAAGTCTTCCAACTGC
GTTGTGGACAACCGTTGGGTCTTGCAGATCACCGACTACGGCTTGTGGCAGTTCAAGAAAGGCCAGGTGGAAGATCCTGACATGACTGATGATCTGCGGTACCGAAATATGCTGTGGAGGGCC
CCAGAACTGCTGCGTATGGGTCAGAATGCACCACCAGGCGGCACCCGGAAGGGTGACGTCTACTCGTTTGCCATCATACTGACGGAGATGTACTCGCGGGCTGAACCGTACCACCTGAACGA
AGAAGAACCCAAAGAAATCATTGCGAGGCTGAAGGCTGGGTCCATTCCACCTTATCGCCCGTTGCTTAACGACGTCAACAACAATGCCCCCGAGTGTGTTCTGAAAGCAGTCCGCCAATGCTG
GGAGGAGGATCCAGATGACCGACCAGATTTCTTTGGAGCTCGTTCCACCTTGGCTCCTTTGCAGAAAGGATTGAAACCCAACATCATGGATAACATGATTGCCATCATGGAGCGTTACACCAAT
AACTTGGAGGAACTTGTAGATGAGCGTACTGAGGAACTGCGACGAGAGAAGACCAAGACAGAACAGTTGCTGCATCGCATGCTGCCACCATCCATTGCATCTCAGTTGATGAAAGGAATCTCG
GTTGCTCCAGAAAGCTTTGACATGGTGTCCATCTTCTTCTCTGATATTGTGGGTTTCACTGCTTTGTCTGCTGCCAGTACACCCATTCAGGTTGTCAATCTGCTTAATGCCCTGTACACACTCTTT
GACGCCATCATATCCAACTATGACGTTTATAAGGTTGAAACCATCGGTGATGCATACATGTTGGTCTCGGGGCTACCGATCCGTAATGGGAACCGTCATGCTGGAATGATCGCCTCAGCTGCTT
GGCATCTCCTAGAGGGGGTAGGGGACTTCATCGTGCCGCACAAACAAGACGAGAAACTCAAACTTCGCATCGGCATTCACTCTGGACCGTGTGTCGCGGGCGTCGTTGGTCTAACCATGCCG
CGGTATTGCCTCTTTGGGGACACAGTCAACACAGCGTCTCGTATGGAATCCAACGGACTCGCGCTCAAAATCCATGTGAGTCCAGAATGCAGACAAGTCCTGGAAGAACTCGGGGGATATGAG
CTGATCGAGAGAGGGCTTGTGGCTATGAAG

>Guanylate_cyclase|Cryptasterina_pentagona_6_allele2| TRINITY_DN20305_c1_g1_i7
ATGAGACATCTGCAGCTTGTGGCGGTCGTTTTGGTGGCCGGGGTGTTGGTTTCGGAAGGGGCGGAGTACAAAATTGCCCTATTGGTGCCTTTCACTGACCCGCTAACCGGCGTCCCGGCTATT
GGGGATCCTATCGCCGGCGCCTTCCCGTTAGCAATTGATGCCATCAACAGCAGTCCCAGCATCCTACCAGGTCACACACTGACGTGGGAATGGACCGATACCCAGTGCAACGCGAACATAGG
AATGAAGGCGATCGCCGACTACTGGGCCCGTGGGTTCGTTGGTGTCGTCGGTCCGGGCTGCACATGCGACTACGAAGCCCGACTGGCTGGGGCGATCAACTTCCCTCTCTTCGATTACGGAT
GTGACGAGGCTGCTGTCTCTAATAAAGAAGTCTATCCGACCTACATGCGGACCCTACCGTCAAGCGCTCGTGTTGCAGACACTATGATCATTACTCTACAAATGTTTGATTGGGATCAGGTGACT
GTAGTCCTTCGCAACCACTCAGTCTGGCAACAGGTCTACAGAGTGGTTGAGCAACAATTCAAGGAGAACAACATTACCGTACAACATCTTGAAATCTTTGAGTCTGGGTTCATACCGTACAGCAA
CTCTACGCCCGACCCATTCCCTGACATCATCCGACGTACCAAGGAGACGACAAGAATCTACATCTTTATGGGAGAGATGTACGAGTTGCGGATGTTTGCCATCGATGCTTACGATCAAGGCCTG
ACGACCAGCGGGGAATATGCGATTCTTGGAACTGCCATAGACCACAAGATACGGAGCTCTCAAAACTGGCACAGTATGGACTTTCTAGGCTGGGGTACCTATGAAGATGAGAAGGCTGCTAAG
GCATATGAAGCAGTCCTGATCTTATCATTAAAGGGACCCAAGAGGACCTACGGATACCGATTCTGGACTTCTGATGTCAAAGACGCAGTACGACTCCCTCCGTTCAATGGAACTGGCAATTTTG
CAAAGTTTCAAACCTTTGCGGCTTTCCTGTATGACGCCACCATCCTTTTTGCTAAAGCCCTGCATGAGACACTGGATGCCGGGGAAGATCCGTTTGATGGTCGGGCGATTGTCGGTCGCACCTT
TGGCACGTCTTATCAGAGCGTTTCGCTGCTTGACATTCAGATTGATCACAAAGGCGACGGTGTGTCCCGATTCCTCCTCATGGATATGAACGCTTTACAGATGCCAGACGTTGGCTTGCTACCG
GGCTACCCCGGCATGATTGGTGTCGGCGAATACATCCGAAGCCCTGAAGGCATATGGACTTTCAACAGAACTCGAGAATTCGATGTTGACATCCACTGGCCTAATGATAAGGGTCCCCCACTG
GACATGCCTGTCTGTGGCTACTACGGTGAACTCTGCCCAAAATACGGCCTTTACTTTGGCCTTGGCGTGCCACTGGTCTTGTTAGTCGTGCTTGTCTTAGTTGGATACTACTTCTACAGGAAACG
CAAGTACGAGGGAGAACTTGACAGCTTGGTGTGGAAAGTGGACTTTGATGACGTGCAGGCTCGAGGTGGTGAGATGAACAAGTCGGGATTCTCCATGAAGAGCATGGTCATGAGTACGATATC
CGTCATGACGAACCAGGAAACTCAACAGATCTTCACCAGAATCGGAACGTACCGGGGGAATGTGTGCGCCATTAAAGCCGTCAACAAGAATCACATCGATATAACCCGTGAGGTCCGCAAAGA
ACTGAAGGCGATGCGAGACGTCCGCCATGACAACGTTTGCCAGTTCGTAGGAGCTTGTGTGGACCTACCGCATATCTGTATCTTGATGACGTACTGCGCCAAGGGTAGCTTGCAGGACATTTT
GGAAAACGACGACATCAAGCTAGACAACATGTTCTTGGCGTCGCTGATCGCCGATCTGGTGAAGGGAATGATCTACTTGCACTCCTCTGAGATTGAGTCCCACGGCAATCTCAAGTCTTCCAAC
TGCGTTGTGGACAACCGTTGGGTCTTGCAGATCACCGACTACGGCTTGTGGCAGTTCAAGAAAGGCCAGGTGGAAGATCCTGACATGACTGATGATCTGCGGTACCGAAATATGCTGTGGAGG
GCCCCAGAACTGCTGCGTATGGGTCAGAATGCACCACCAGGCGGCACCCGAAAGGGTGACGTCTACTCGTTTGCCATCATACTGACGGAGATGTACTCGCGGGCTGAACCGTACCACCTGAA
CGAAGAAGAACCCAAAGAAATCATTGCGAGGCTGAAGGCTGGGTCCATTCCACCTTATCGCCCGTTGCTTAACGACGTCAACAACAATGCCCCCGAGTGTGTTCTGAAAGCAGTCCGCCAATG
CTGGGAGGAGGATCCGGATGACCGACCAGATTTCTTTGGAGCTCGTTCCACCTTGGCTCCTTTGCAGAAAGGATTGAAACCCAACATCATGGATAACATGATTGCCATCATGGAGCGTTACACC
AATAACCTGGAGGAACTTGTAGATGAGCGTACTGAGGAACTGCGACGAGAGAAGACCAAGACAGAACAGTTGCTGCATCGCATGCTGCCACCATCCATTGCATCTCAGTTGATGAAAGGAATCT
CAGTTGCTCCAGAAAGCTTTGACATGGTGTCCATCTTCTTCTCTGATATTGTGGGTTTCACTGCTTTGTCTGCTGCCAGTACACCCATTCAGGTTGTCAATCTGCTTAATGCCCTGTATACACTCT
TTGACGCCATCATATCCAACTATGACGTTTATAAGGTTGAAACCATCGGTGATGCTTACATGTTGGTCTCGGGGCTACCGATCCGTAATGGGAACCGTCATGCTGGAATGATCGCCTCAGCTGC
TTGGCATCTCCTAGAGGGGGTAGGGGACTTCATCGTGCCGCACAAACAAGACGAGAAACTCAAACTTCGCATCGGCATTCACTCTGGACCGTGTGTCGCGGGCGTCGTTGGTCTAACCATGCC
GCGGTATTGCCTCTTTGGGGACACAGTCAACACAGCGTCTCGTATGGAATCCAACGGACTCGCGCTCAAAATCCATGTCAGTCCAGAATGCAGACAAGTCCTGGAAGAACTCGGGGGATATGA
GCTGGTCGAGAGAGGGCTTGTGGCTATGAAG

>Guanylate_cyclase|Cryptasterina_pentagona_7_allelel|TRINITY_DN16717_c4_gl_i2
ATGAGACATCTGCAGCTTGTGGCGGTCGTTTTGGTGGCCGGGGTGTTGGTTTCGGAAGGGGCGGAGTACAAAATTGCCCTATTGGTGCCTTTCACTGACCCGCTAACCGGCGTCCCGGCTATT
GGGGATCCTATCGCCGGCGCCTTCCCGTTAGCAATTGATGCCATCAACAGCAGTCCCAGCATCCTACCAGGTCACACACTGACGTGGGAATGGACCGATACCCAGTGCAACGCGAACATAGG
AATGAAGGCGATCGCCGACTACTGGGCCCGTGGGTTCGTTGGTGTCGTCGGTCCGGGCTGCACATGCGACTACGAAGCCCGACTGGCTGGGGCGATCAACTTCCCTCTCTTCGATTACGGAT
GTGACGAGGCTGCTGTCTCTAATAAAGAAGTCTATCCGACCTACATGCGGACCCTACCGTCAAGCGCTCGTGTTGCAGACACTATGATCATTACTCTACAAATGTTTGATTGGGATCAGGTGACT
GTAGTCCTTCGCAACCACTCGGTCTGGCAACAGGTCTACAGAGTGGTTGAGCAACAATTCAAGGAGAACAACATTACCGTACAACATCTTGAAATCTTTGAGTCTGGGTTCATACCGTACAGCAA
CTCTACGCCCGACCCATTCCCTGACATCATCCGACGTACCAAGGAGACGACAAGAATCTACATCTTTATGGGAGAGATGTACGAGTTGCGGATGTTTGCCATCGATGCTTACGATCAAGGCCTG
ACGACCAGCGGGGAATATGCGATTCTTGGAACTGCCATAGACCACAAGATACGGAGCTCTCAAAACTGGCACAGTATGGACTTTCTAGGCTGGGGTACCTATGAAGATGAGAAGGCTGCTAAG
GCATATGAAGCAGTCCTGATCTTATCATTAAAGGGACCCAAGAGGACCTACGGATACCGATTCTGGACTTCTGATGTCAAAGACGCAGTACGACTCCCTCCGTTCAATGGAACTGGCAATTTTG
CAAAGTTTCAAACCTTTGCAGCTTTCCTGTATGACGCCACCATCCTTTTTGCTAAAGCCCTGCATGAGACACTGGATGCCGGGGAAGATCCGTTTGATGGTCGGGCGATTGTCGGTCGCACCTT
TGGCACGTCTTATCAGAGCGTTTCGCTGCTTGACATTCAGATTGATCACAAAGGCGACGGTGTGTCCCGATTCCTCCTCATGGATATGAACGCTTTACAGATGCCAGACGTTGGCTTGCTACCG
GGCTACCCCGGCATGATTGGTGTCGGCGAATACATCCGAAGCCCTGAAGGCATATGGACTTTCAACAGAACTCGAGAGTTCGATGTGGACATCCACTGGCCTAATGATAAAGGTCCCCCACTG
GACATGCCTGTCTGTGGCTACTACGGTGAACTCTGCCCAAAATACGGCCTGTACTTTGGCCTCGGCGTGCCACTGGTCTTGTTAGTCGTGCTTGTCTTAGTTGGATACTACTTCTACAGGAAAC
GCAAGTACGAGGGAGAGCTGGACAGCTTGGTGTGGAAAGTGGACTTTGATGACGTGCAGGCTCGAGGTGGTGAGATGAACAAGTCGGGATTCTCCATGAAGAGCATGGTCATGAGTACAATAT
CCGTCATGACGAACCAGGAAACTCAACAAATCTTCACCAGAATCGGAACATACCGGGGAAATGTGTGCGCCATTAAAGCCGTCAACAAGAATCACATCGATATAACCCGTGAGGTCCGCAAAGA
ACTGAAGGCGATGCGAGACGTCCGCCATGACAACGTTTGCCAGTTCGTAGGAGCTTGTGTGGACCTACCGCATATCTGTATCTTGATGACGTACTGCGCCAAGGGTAGCTTGCAGGACATTTT
GGAAAACGACGACATCAAGCTAGACAACATGTTCTTGGCTTCGCTGATCGCCGATCTGGTGAAGGGAATGATCTACTTGCACTCCTCTGAGATTGAGTCCCACGGCAATCTCAAGTCTTCCAAC
TGCGTTGTGGACAACCGTTGGGTCTTGCAGATCACCGACTACGGCTTGTGGCAGTTCAAGAAAGGCCAGGTGGAAGATCCTGACATGACTGATGATCTGCGGTACCGAAATATGCTGTGGAGG
GCCCCAGAACTGCTGCGTATGGGTCAGAATGCACCACCAGGCGGCACCCGAAAGGGTGACGTCTACTCGTTTGCCATCATACTGACGGAGATGTACTCGCGGGCTGAACCGTACCACCTGAA
CGAAGAAGAACCCAAAGAAATCATTGCGAGGCTGAAGGCTGGGTCCATTCCACCTTATCGCCCGTTGCTTAACGACGTCAACAACAATGCCCCCGAGTGTGTTCTGAAAGCAGTCCGCCAATG
CTGGGAGGAGGATCCAGATGACCGACCAGATTTCTTTGGAGCTCGTTCCACCTTGGCTCCTTTGCAGAAAGGATTGAAACCCAACATCATGGATAACATGATTGCCATCATGGAGCGTTACACC
AATAACCTGGAGGAACTTGTAGATGAGCGTACTGAGGAACTGCGACGAGAGAAGACCAAGACAGAACAGTTGCTGCATCGCATGCTGCCACCATCCATTGCATCTCAGTTGATGAAAGGAATCT
CGGTTGCTCCAGAAAGCTTTGACATGGTGTCCATCTTCTTCTCTGATATTGTGGGTTTCACTGCTTTGTCTGCTGCCAGTACACCCATTCAGGTTGTCAATCTGCTTAATGCCCTGTACACACTCT
TTGACGCCATCATATCCAACTATGACGTTTATAAGGTTGAAACCATCGGTGATGCATACATGTTGGTCTCGGGGCTACCGATCCGTAATGGGAACCGTCACGCCGGAATGATTGCCTCAGCTGC
TTGGCATCTCCTAGAGGGGGTAGGGGACTTCATCGTGCCGCACAAACAAGACGAGAAACTCAAACTTCGCATCGGCATTCACTCTGGACCGTGTGTCGCGGGCGTCGTTGGTCTAACCATGCC
GCGGTATTGCCTCTTTGGGGACACGGTCAACACAGCGTCTCGTATGGAATCCAACGGACTCGCGCTCAAAATCCATGTCAGTCCAGAATGCAGACAGGTCCTGGAAGAACTCGGGGGATATGA
GCTGGTCGAGAGAGGGCTTGTGGCTATGAAG

>Guanylate_cyclase|Cryptasterina_pentagona_7_allele2| TRINITY_DN16717_c4_g1_i2
ATGAGACATCTGCAGCTTGTGGCGGTCGTTTTGGTGGCCGGGGTGTTGGTTTCGGAAGGGGCGGAGTACAAAATTGCCCTATTGGTGCCTTTCACTGACCCGCTAACCGGCGTCCCGGCTATT
GGGGATCCTATCGCCGGCGCCTTCCCGTTAGCAATTGATGCCATCAACAGCAGTCCCAGCATCCTACCAGGTCACACACTGACGTGGGAATGGACCGATACCCAGTGCAACGCGAACATAGG
AATGAAGGCGATCGCCGACTACTGGGCCCGTGGGTTCGTTGGTGTCGTCGGTCCGGGCTGCACATGCGACTACGAAGCCCGACTGGCTGGGGCGATCAACTTCCCTCTCTTCGATTACGGAT
GTGACGAGGCTGCTGTCTCTAATAAAGAAGTCTATCCGACCTACATGCGGACCCTACCGTCAAGCGCTCGTGTTGCAGACACTATGATCATTACTCTACAAATGTTTGATTGGGATCAGGTGACT
GTAGTCCTTCGCAACCACTCGGTCTGGCAACAGGTCTACAGAGTGGTTGAGCAACAATTCAAGGAGAACAACATTACCGTACAACATCTTGAAATCTTTGAGTCTGGGTTCATACCGTACAGCAA
CTCTACGCCCGACCCATTCCCTGACATCATCCGACGTACCAAGGAGACGACAAGAATCTACATCTTTATGGGAGAGATGTACGAGTTGCGGATGTTTGCCATCGATGCTTACGATCAAGGCCTG
ACGACCAGCGGGGAATATGCGATTCTTGGAACTGCCATAGACCACAAGATACGGAGCTCTCAAAACTGGCACAGTATGGACTTTCTAGGCTGGGGTACCTATGAAGATGAGAAGGCTGCTAAG
GCATATGAAGCAGTCCTGATCTTATCATTAAAGGGACCCAAGAGGACCTACGGATACCGATTCTGGACTTCTGATGTCAAAGACGCAGTACGACTCCCTCCGTTCAATGGAACTGGCAATTTTG
CAAAGTTTCAAACCTTTGCAGCTTTCCTGTATGACGCCACCATCCTTTTTGCTAAAGCCCTGCATGAGACACTGGATGCCGGGGAAGATCCGTTTGATGGTCGGGCGATTGTCGGTCGCACCTT
TGGCACGTCTTATCAGAGCGTTTCGCTGCTTGACATTCAGATTGATCACAAAGGCGACGGTGTGTCCCGATTCCTCCTCATGGATATGAACGCTTTACAGATGCCAGACGTTGGCTTGCTACCG
GGCTACCCCGGCATGATTGGTGTCGGCGAATACATCCGAAGCCCTGAAGGCATATGGACTTTCAACAGAACTCGAGAGTTCGATGTGGACATCCACTGGCCTAATGATAAAGGTCCCCCACTG
GACATGCCTGTCTGTGGCTACTACGGTGAACTCTGCCCAAAATACGGCCTGTACTTTGGCCTCGGCGTGCCACTGGTCTTGTTAGTCGTGCTTGTCTTAGTTGGATACTACTTCTACAGGAAAC
GCAAGTACGAGGGAGAGCTGGACAGCTTGGTGTGGAAAGTGGACTTTGATGACGTGCAGGCTCGAGGTGGTGAGATGAACAAGTCGGGATTCTCCATGAAGAGCATGGTCATGAGTACAATAT
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CCGTCATGACGAACCAGGAAACTCAACAAATCTTCACCAGAATCGGAACATACCGGGGAAATGTGTGCGCCATTAAAGCCGTCAACAAGAATCACATCGATATAACCCGTGAGGTCCGCAAAGA
ACTGAAGGCGATGCGAGACGTCCGCCATGACAACGTTTGCCAGTTCGTAGGAGCTTGTGTGGACCTACCGCATATCTGTATCTTGATGACGTACTGCGCCAAGGGTAGCTTGCAGGACATTTT
GGAAAACGACGACATCAAGCTAGACAACATGTTCTTGGCTTCGCTGATCGCCGATCTGGTGAAGGGAATGATCTACTTGCACTCCTCTGAGATTGAGTCCCACGGCAATCTCAAGTCTTCCAAC
TGCGTTGTGGACAACCGTTGGGTCTTGCAGATCACCGACTACGGCTTGTGGCAGTTCAAGAAAGGCCAGGTGGAAGATCCTGACATGACTGATGATCTGCGGTACCGAAATATGCTGTGGAGG
GCCCCAGAACTGCTGCGTATGGGTCAGAATGCACCACCAGGCGGCACCCGAAAGGGTGACGTCTACTCGTTTGCCATCATACTGACGGAGATGTACTCGCGGGCTGAACCGTACCACCTGAA
CGAAGAAGAACCCAAAGAAATCATTGCGAGGCTGAAGGCTGGGTCCATTCCACCTTATCGCCCGTTGCTTAACGACGTCAACAACAATGCCCCCGAGTGTGTTCTGAAAGCAGTCCGCCAATG
CTGGGAGGAGGATCCAGATGACCGACCAGATTTCTTTGGAGCTCGTTCCACCTTGGCTCCTTTGCAGAAAGGATTGAAACCCAACATCATGGATAACATGATTGCCATCATGGAGCGTTACACC
AATAACCTGGAGGAACTTGTAGATGAGCGTACTGAGGAACTGCGACGAGAGAAGACCAAGACAGAACAGTTGCTGCATCGCATGCTGCCACCATCCATTGCATCTCAGTTGATGAAAGGAATCT
CGGTTGCTCCAGAAAGCTTTGACATGGTGTCCATCTTCTTCTCTGATATTGTGGGTTTCACTGCTTTGTCTGCTGCCAGTACACCCATTCAGGTTGTCAATCTGCTTAATGCCCTGTACACACTCT
TTGACGCCATCATATCCAACTATGACGTTTATAAGGTTGAAACCATCGGTGATGCTTACATGTTGGTCTCGGGGCTACCGATCCGTAATGGGAACCGTCACGCCGGAATGATTGCCTCAGCTGC
TTGGCATCTCCTAGAGGGGGTAGGGGACTTCATCGTGCCGCACAAACGAGACGAGAAACTCAAACTTCGCATCGGCATTCACTCTGGACCGTGTGTCGCGGGCGTCGTTGGTCTAACCATGCC
GCGGTATTGCCTCTTTGGGGACACGGTCAACACAGCGTCTCGTATGGAATCCAACGGACTCGCACTCAAAATCCATGTCAGTCCAGAATGCAGACAAGTCCTGGAAGAACTCGGGGGATATGA
GCTGGTCGAGAGAGGGCTTGTGGCTATGAAG

F) Guanylate cyclase Cryptasterina reference alignment with Acanthaster
cf solaris

>Guanylate_cyclase|A.amurensis|AB070354.1
MRCL-

MLSVVLVAGYVWVALGTNFKIGLLVPLTDPQTGNASGFGDPVAGAFPVAVDDINLNPAILPGHTVSWEWVDTKCDINTGLTAVSDWWKRGFVGVIGPGCSCDYEARLAGSINFPMFDYGCDEGAVSNK
LLYPTYIRTLPPSTRIVDALIVTLQKFDWDQVTVVYRNHSIWTNILNAMKEEFEVHDITVQHQEVFQTGFVPNNDSIINPFPEIFTRTKETTRIYVFLGEMIELRSFAMAALDEGL-
NNGDYAILGMAIDHKIRRSQNWHSLDFLHMGTYLDEKAAKAMESVLIIAPKAPKFTFVYKSWNVKVRDSVQGAPFFQTGRE--
FHTFSAFLYDATILFAKALEETLAAGEDPFDGEAIVSHAMGVQYQSISMLQONGIDESGDGISRYMLMDMNELQEADSWLTAGYPGVIGVGEFIRNSNGRWTFNATDDYNTPIKWPNDAGPPLDMPVCGY
FEEFCPKYGLYFGLGVPIVLLIVGCAVGYFYYRKIKYEGELDSLVWKINFDDVQAKGKDTNKSGISMKSMVMSTLSVMTNQETQQIFARIGTYRGNICAIKAVNKHSIDLTRTVRQELKAMHDVRHDNVCQ
FVGASVDSPHVCILMTYCAKGSLQDILENDDIKLDNMFLASMIADLVKGMIYIHTSMIESHGNLKSSNCVVDNRFVLQITDYGLHEFKKGQGEDPDLPDDVRYRNLLWRAPELLRMGKKMPLAGTPKGDV
YSFAVVLTEMYSRAEPYNLNDDEPEEIVEKVMAGSIPPYRPLLNDVNEKAPECVLKAIRSCWGEDPVERPDFFKARTMLAPLQKGLKPNIMDNMITIMERYTNNLEELVDERTQELQKEKAKTEQLLHRM
LPPSIASQLIKGISVAPEAFDMVTIFFSDIVGFTALSAASTPIQVVNLLNALYTTFDATISNYDVYKVETIGDAYMLVSGLPLRNGNRHAGMIASAAWHLLEEVTTFVVPHKRDEKLKLRIGIHSGSCVAGVVG
LTMPRYCLFGDTVNTASRMESNGLALKI

>>Guanylate_cyclase|Acanthaster-cf-solaris|TRINITY_GG_5645_c11_g1_i2

MRRL-LLAIILVAS-
AWVSHGTDFKIALLVPFTDPQNGNIQAIGDPIAGAFPLAVEDINNSPSILPGHTLTWEWVDSQCDINVGMEAIADFWKRGFVGVIGPGCSCDYEARLAGSVNFPLFDYGCDEAAVSDKLLYPTYVRTLPP
STRVADALVITMQMFNWDQVTVVLRNHSIWHQVYSVVSAQFKENNITVQHEEIFESGFIPYNDSTPDPFPDIIRRTKETTRIYIFLGEVYELRSFAIDAYDQGL-
TNGEYVIVGTSVDHKMRTTQNWHSMSYIGWGTFEDEKAIKAFEAVLIVTPKGPKKTWVYREWMWNVKATVRLSPFFGTGRY -~
FHTFAAFLYDATILFAQALQATLDAGEDPYDGQQIVSHIFNTPYQSISMLNNQIDHTGDGVSRFVLLDMNRLQKADDYLIAGFPGMVGVGEYIRTIDGKWTFNRTDDYDLDIHWPNDMGPPLDMPVCGYF
GELCPRYGLYFGVGIPVVLLIFGLTAAYYIYRKRKYESELDSLVWKIDFEEVQAKGGQTNKSGVSMKSMVMSTISVMTNQETQQIFARIGTYRGNVCAIKAVHKNHIDITREVRKELKAMRDVRHDNVCQF
VGACIDRPHICILMTYCAKGSLQDILENDDIKLDNMFLASLIADLVKGMIYLHTSLIESHGNLKSSNCVVDNRWVLQITDYGLEQFKKAQAEDPDMTDDVRYRNMLWKAPELLRMGAKMPARGTRKGDVY
SFAIILTEMYSRAQPYHLNDEEPEEIIKRLKAGSIPPYRPLLNDVNESAPECVLKAIRQCWEEEPEDRPDFFGARTILAPLQKGLKPNIMDNMITIMERYTNNLEELVDERTEELQREKAKTEQLLHRMLPPS
IASQLIKGISVAPEAFDMVSIFFSDIVGFTALSAASTPIQVVNLLNALYTLFDAIISNYDVYKVETIGDAYMLVSGLPIRNGNRHAGMIASAAWHLLEDVSTFVVPHKPEEKLKLRIGIHSGSCVAGVVGLTMPR
YCLFGDTVNTASRMESNGLALKI

>Guanylate_cyclase|Cryptasterina_spp_reference| TRINITY_DN64348_c1_gl_i2_ALL

MRHLQLVAVVLVAG-VLVSEGAEYKIALLVPFTDPLTG-
VPAIGDPIAGAFPLAIDAINSSPSILPGHTLTWEWTDTQCNANIGMKAIADYWARGFVGVVGPGCTCDYEARLAGAINFPLFDYGCDEAAVSNKEVYPTYMRTLPSSARVADTMIITLQMFDWDQVTVVLR
NHSVWQQVYRVVEQQFKENNITVQHLEIFESGFIPYSNSTPDPFPDIIRRTKETTRIYIFMGEMYELRMFAIDAYDQGLTTSGEYAILGTAIDHKIRSSQNWHSMDFLGWGTYEDEKAAKAYEAVLILSLKG
PKRTYGYRFWTSDVKDAVRLPPFNGTGNFAKFQTFAAFLYDATILFAKALHETLDAGEDPFDGRAIVGRTFGTSYQSVSLLDIQIDHKGDGVSRFLLMDMNALQMPDVGLLPGYPGMIGVGEYIRSPEGI
WTFNRTREFDVDIHWPNDKGPPLDMPVCGYYGELCPKYGLYFGLGVPLVLLVVLVLVGYYFYRKRKYEGELDSLVWKVDFDDVQARGGEMNKSGFSMKSMVMSTISVMTNQETQQIFTRIGTYRGNV
CAIKAVNKNHIDITREVRKELKAMRDVRHDNVCQFVGACVDLPHICILMTYCAKGSLQDILENDDIKLDNMFLASLIADLVKGMIYLHSSEIESHGNLKSSNCVVDNRWVLQITDYGLWQFKKGQVEDPDM
TDDLRYRNMLWRAPELLRMGQNAPPGGTRKGDVYSFAIILTEMYSRAEPYHLNEEEPKEIIARLKAGSIPPYRPLLNDVNNNAPECVLKAVRQCWEEDPDDRPDFFGARSTLAPLQKGLKPNIMDNMIAI
MERYTNNLEELVDERTEELRREKTKTEQLLHRMLPPSIASQLMKGISVAPESFDMVSIFFSDIVGFTALSAASTPIQGVNLLNALYTLFDAIISNYDVYKVETIGDAYMLVSGLPIRNGNRHAGMIASAAWHL
LEGVGDFIVPHKQDEKLKLRIGIHSGPCVAGVVGLTMPRYCLFGDTVNTASRMESNGLALKI

G) REJ1 Cryptasterina alignment of individuals

>REJ1|Cryptasterina_hystera_1_allele1l|TRINITY_DN16857_c9_g3_i9

CCTGATGAGGCGTTTAATTGGGATGAGCTGACAACAACAGGACGATACTCGTCCTATCTTGTGATTGTTGGTGGGACTTTTGATGACGGAGACTACAGGGCACGATCAGTGAGGGTGACAGGC
TCCCATCCAGAGAGTCCTCCAGGTTTTGCGGACTACACCTTTGAGTTGAATGCTCCTCCTAGGATAGGCACCTGTAGCCTAGATCCAGAAAGTGGCTACGCTCTACAGACGGATTTCATCATTG
ACTGCGTGGATTTTTGGGACGAAGAAGGACATTTGATGTATACGGTTCATGTGCCGCCAGTATTCAAAAGCAAGGAACAGGCTGCATTACAGTACCTAGATCCTGTGTTGTACAGTGGAGCAGC
TTCTACAACCCCATCTGTCTTCCTTCCCCTGGGCGATGAGTCTAACAATTACCTTGTGACCATCGCTGTGGAGGTTGCTGATATACATGGTGCATCGGTGATCTTTACCATGACCGCAGTAGTGA
GACCACCAGAAACCATCAGTCTAGGAGATGATGAAAGCACTAGTGAGGTCCTTCTGAACCTGACCAGCGGCTCTGACTCGGAACTCCAGGAGCTGATCAACCAAGGAGACTTCCAGACAGCGG
TGCAGATTATCGGTGCTGTGGGATCTATACTGGATAGTCATGATAAGGGGACTGGACAGAAATCAAACCACAATGAGACCCTGAAGAACAAGGAATTAAGACAAGAGATTCGTAGCTCAACAGT
GAAGACCATAGCTGACATACCAGTTGAATCAGTGATTACGCTACAGCAGTCATCGTATGCTCTGGTGGCTATCACGCAGGACAAAACTGAAGTCACCCAGGAAACACAATTGACAGCGGCTACA
ACTTTGGCCAAGATGGGTGCGTTTCTTAAGGAGCATTCTGTAGAGAGAACGGACTGTGAAAGCTGTCAGACCTCCATTGATAATGCTGCCTTGAATCTAGTCTCTGGACTTTCTAATATCCTGGA
TGCAGCAGTGACTAGCGTGGATGAGCTGACCTCAGCACCTACCAAAGATCATGCTGTGTCTAGAAATGAAACCACACCAATTGAGGAGGCGGATGATGTGGAGGCTAAGAAGAAGAGCAAAGT
GGTCGCCAAGGCAACCCTGGCTGCCATCAGTGACGTGCAAGATGCTCTGATCGTCAACAAGGTTCCAGGTGAAGAACCCACAGTTATCAAGTCACCAGTGCTAACACTGACATCTTTAAGGCAT
GAGAAAGATACCCTGGCTAAGAAGTCCATCGGTATGACCAAGGAAAAGCCAGCTGGGTTCATTCTACCAGATTCTACCAGCATCGGAAACATCTTGCCTGCAAATTACACAGATGCCATCGATA
CACAGATGGTCCAGTTTGCTACTAATCCATTCGCTTGGAATGAAGGAAGTGAAGAGGTCACATCTGAAATAGTGGGGCTGCAACTGAAGACAGTGGATCGACAAGAGATTAAAGTTGCCAACTT
GCCTGAGGACATTCAGATCTTTGTGCCAAAGCGCACCGTTACCATGGCTGACAACTCGGAGGTTACTGTCAATCAGAGCACCATTGTGATAGTCTCCTTTCAAGTCACTAACACAAATGCTACAG
TCAATGTGCTAGTCTTGCCATCAGTCGCCAGTAAGGAATTGGCATGCTGCCTATTATACCAAAGGAATGATTCACTGGGAAACCTCAGCAAGTCGGACTGTTATGTTCATAAAACATTACCTGGA
GAGAAGTCTAAGTATCAAATGCCGGCTGACGATCCAGATCAGAAACTAAAACGGAGATATACATGGATGATTGAGCCTCAATCTTTACAGGGTGAAGGTACATACCACACATTGTGCTCAATGTC
AGTTTCCAGCAAGGACAGAGTAGAAGCTACTGAAGTAGATACGTTAACATTGTTGGTTGGTGTGTACAGCTCCCAGTGTCTGTTTTGGAATGATGGGCAAGAGAAGTGGGACGGCGCAGGCTG
CAAGGTTGGGCCATTATCTTCCCTCGAGGTCACCCAGTGTCTCTGTAACCACCTGACATTCTTTGGCTCTAGCTTTCTGGTCATGCCAAACAAGATTGACTTCTTAGCAGACTCCAGACTCTTCTT
GACGTTCCTGGAAAATCCTGTTGTGGTGACTACGGTGGCCTTCATCTTAGTTCTCTATGTCGGTGTTGCGATGTGGGCACGTCGACAGGATAAAGCAGACTCGTTGAAGGCCTGTGTCATCACG
CTGGAGGACAACGACCCCTTTTCCAGATACCGCTACGATGTCACTGTGGTTACAGGCATGCGTAGGGGGGCAGGCACCACAGCCACTGCCACCTTGACCCTTCATGGGACTCTGGGGCACAG
CAGGCCACACGTCTTGTGCGACAAGCAGCGTAAGGTGTTACAGAGGGGCGGCGTGGACTCCTTTCTCATTGTGACGAAGCAGAGCCTTGGAGAGGTAATGGAAGTCAGGATTTGGCATGACA
ATGAAGGAGACAGCCCAGAATGGTATGCAAGTCGGATTGCTGTGCATGATTTGGAGACTGATGAGTGGTGGTTTGTCCTCTGCAATTCCTGGCTAGCTGTGGACATGGGTAAGGGTCTTATAGA
CCAGACCTTCCCTGTGGCTTCTGAAAAGGAGTTGAAGAACTTCCAGCATCTTTTCTCCACACGGACAATCCGGGACCTGCAGGATGGTCATCTGTGGTTTTCCATCTTCAACCGACCGGCCCGT
AGTACCTTCACCCGGCTTCAGCGTGTTTCCTGTTGTCTCTCTCTTCTCATGTGCATTATGCTGACTAGTATCATGTTCTATGGAGTTCCTACAGACCCTTCCGAGCAGACCATGGACTTTGGTGC
ATTCAGGATTACCTTCACTGAGATACTTATTGGCATTGAGAGTTCCATCCTTGCCTTTCCCATCAACCTTCTGATTGTTAGCATCTTCAGACATGCTCGTCCCGTTGAGGAGAAATCCAAACCCTA
CAAGATTAATAATGACAGAAGGAGTGATTCACCGATCTTTATGCCCCCATCTTTGTCTTCCCATAAGAGAGGGCACAAGTCCTCCGAGTCTTTGACAGAAGAATATGGATTTAGAACCATTAGAG
AGGATACATCATCTTCTGGGTTTGTGCTGTCAACAGAAGAGACATCATGGTTAACACAAACGGATACAATAGGCAGTTCTACAGAAAGAACAGGAAATGGGAAACCTGGAAGTTCTAGAAATGAA
ACTACCTCATCAGGATTCTCCCAGTCAACCCAGACAATGAACTTGACGTCATCGTCAGACATCAATGCCAAGTTCAGCCACAACAGATTTCTGCGTTCATGCTTGGATCAGATCGTTGATGATCT
AGACTTGTTGTCACCAGAATGTTTCCCTTCAGTGGAGCAGTATTTCCTTGCTCGGCAGGAGGCTAGAAACCTCCTACTCACAGTCATGACTATTCGAACTCCGAGTTCCTCGTCAACTGAGGCCA
GCGAAACTGACAGCCAATCGGAGCCTGGCTCCTGGAAGTGTTCATTTAAGTTCTTCCCTAACGGGCTTCCTCATTGGTTCATCTACATTGGCTGGTTGTTAGTGTTCTCCACTACTTTGACGTCA
TCCTACTTCACCATGCTTTATGGGCTCAAGTATGGCAAGAAGCGCTCCATCGATTGGCTAGTGTCATTGGTAGTGTCTCTTTTCCAGAGCATATTCTTAATTCAGCCTTTGAAGGTTCTCCTTCTT
GCCGCCTTTGTTGCTCTCGTTATGAAGAAGTGGGATGCAGATGATGATGGGAGTGATGACATTGAAGAAAGAGAAGTTGAGAATGCACAGGCCGTCTACAAGAAACTATTGCACAAATGGAAGG
ACACCCACTACCGACCGCCATCCCTGACTGCGATGGACACCAGTCGACGACGTAAAGACTTAGAGAGGAAGATGTATGCCCTCTTGCGTGAGATTATTGGCCTCTTTTTAGTCATCTGGCTAGT
CCTTGTCCTCGCGTACAGCCAACGGGACCGCAATTCTTACTATCTGACCAAGAACGTCAGGGATGTGTTCTTCAGCAATGATGAGTATGACTCGGTTGCAGATTTTGACAGTTTTTTCGAGTGGG
CAGACGTTACTTTGCTCCCTGGCCTGTACGAAGGAGATGCAACAACTGACACCGTGTCATTTCTTGTAGGCGGGGTTCGGATTCGTCAACTAAGGGTCCGTCCAGAGTTATGTGATATAAACAA
CTTTGTCAGGGACATCATCAACAGATGCACCCTCTCCTACTCTCAAGACACGAAGGACATTGGTACCTACAATAAGTCATGGAGTGAACCATTTCTCAATTGCACATCTGTAGACAGTTACCCTG
AGCAACAGGATATCTGGAGGTATCAGCATAATATTGCAACTGGTCTCGGGGGTCAAATGACGTCTTATCCTGGAGGAGGTTACGTGGTCATCTTGGGTCGGAACCAGACAGAAGCTAGGCAAG
TGTTGATGGACTTGATGGTTGCCGATTGGCTGGATGAACACACCAAGGCTCTGGTGGTAGAGTGGACAGTATACAATGCTAACACCAACCTGTTCGTGGTTGTCACATTTCTGACCGAGATCAC
GCCTTCGGGAGGGTTTGTCAAGACCACTCACATCCAGGCAGTTCGGCTCTATCGGAACGTGGCTAAGATCCAGCTCTTTGTTGTGTGCATTGAAATACTGTTTTCCATGTTCGTAGCCTTGTATG
CTGTAGTTGAGGTACGGAAGATGTACAAAGAAGGTCGCAGCTACTGGCAGGATGGTTGGAACTGGCTTCAGATGGCCATAGTTCTAACCTGCATTGTGATTATAGCATTCTACATCTACCGCTT
CATCTTCACTGAGAGGGTGTTAGAGATCCGTCGAAGGAGACCCGGGGAGTTTATTGACTTTAGAGCTGCTGCCACCATTGCGGAAACCTTTCAGTGTCTCCTTGGTTTTCTGCTCATCCTGTGC
ACCGTTAAGTTCCTGCACCTGCTCAGGTTAAATCCTAGGATGTACCTGCTGACATCAGTGTTGAGTTCCTCTGCTAATGAAGTTGTAGCCTTTGCTGCTTACATCTTTCTTGTCTTTTGTGCCTTTA
CTCTGCTTTTCCAGCTGATCTTTGGCAGGCACTTGATGACTTACAGCACCCTCGTCTTGGCCTTTGAGTCCCTCTTTGTGCTGTTTCTAGGAGAATATGAACACGATGAAATGTTTGCTGTTAAAG
GCATCATAGCTCCTATCTTGGTGGTCGTCTTTCAAGCCGTGGCGACATTCTTCTTTCTTAACCTACTCATCTCTGTCTTGAATAAAAACATGCGTTATGTCAGAAGACACCAGGAGCCCAGCGAA
GATGGTAAAATTGGCCTTTTACTGATCGACAAGATGCTATCCTGGTTTGGAATAAAGCACAGATACAATATT

>REJ1|Cryptasterina_hystera_1_allele2|TRINITY_DN16857_c9_g3_i9
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CCTGATGAGGCGTTTAATTGGGATGAGCTGACAACAACAGGACGATACTCGTCCTATCTTGTGATTGTTGGTGGGACTTTTGATGACGGAGACTACAGGGCACGATCAGTGAGGGTGACAGGC
TCCCATCCAGAGAGTCCTCCAGGTTTTGCGGACTACACCTTTGAGTTGAATGCTCCTCCTAGGATAGGCACCTGTAGCCTAGATCCAGAAAGTGGCTACGCTCTACAGACGGATTTCATCATTG
ACTGCGTGGATTTTTGGGACGAAGAAGGACATTTGATGTATACGGTTCATGTGCCGCCAGTATTCAAAAGCAAGGAACAGGCTGCATTACAGTACCTAGATCCTGTGTTGTACAGTGGAGCAGC
TTCTACAACCCCATCTGTCTTCCTTCCCCTGGGCGATGAGTCTAACAATTACCTTGTGACCATCGCTGTGGAGGTTGCTGATATACATGGTGCATCGGTGATCTTTACCATGACCGCAGTAGTGA
GACCACCAGAAACCATCAGTCTAGGAGATGATGAAAGCACTAGTGAGGTCCTTCTGAACCTGACCAGCGGCTCTGACTCGGAACTCCAGGAGCTGATCAACCAAGGAGACTTCCAGACAGCGG
TGCAGATTATCGGTGCTGTGGGATCTATACTGGATAGTCATGATAAGGGGACTGGACAGAAATCAAACCACAATGAGACCCTGAAGAACAAGGAATTAAGACAAGAGATTCGTAGCTCAACAGT
GAAGACCATAGCTGACATACCAGTTGAATCAGTGATTACGCTACAGCAGTCATCGTATGCTCTGGTGGCTATCACGCAGGACAAAACTGAAGTCACCCAGGAAACACAATTGACAGCGGCTACA
ACTTTGGCCAAGATGGGTGCGTTTCTTAAGGAGCATTCTGTAGAGAGAACGGACTGTGAAAGCTGTCAGACCTCCATTGATAATGCTGCCTTGAATCTAGTCTCTGGACTTTCTAATATCCTGGA
TGCAGCAGTGACTAGCGTGGATGAGCTGACCTCAGCACCTACCAAAGATCATGCTGTGTCTAGAAATGAAACCACACCAATTGAGGAGGCGGATGATGTGGAGGCTAAGAAGAAGAGCAAAGT
GGTCGCCAAGGCAACCCTGGCTGCCATCAGTGACGTGCAAGATGCTCTGATCGTCAACAAGGTTCCAGGTGAAGAACCCACAGTTATCAAGTCACCAGTGCTAACACTGACATCTTTAAGGCAT
GAGAAAGATACCCTGGCTAAGAAGTCCATCGGTATGACCAAGGAAAAGCCAGCTGGGTTCATTCTACCAGATTCTACCAGCATCGGAAACATCTTGCCTGCAAATTACACAGATGCCATCGATA
CACAGATGGTCCAGTTTGCTACTAATCCATTCGCTTGGAATGAAGGAAGTGAAGAGGTCACATCTGAAATAGTGGGGCTGCAACTGAAGACAGTGGATCGACAAGAGATTAAAGTTGCCAACTT
GCCTGAGGACATTCAGATCTTTGTGCCAAAGCGCACCGTTACCATGGCTGACAACTCGGAGGTTACTGTCAATCAGAGCACCATTGTGATAGTCTCCTTTCAAGTCACTAACACAAATGCTACAG
TCAATGTGCTAGTCTTGCCATCAGTCGCCAGTAAGGAATTGGCATGCTGCCTATTATACCAAAGGAATGATTCACTGGGAAACCTCAGCAAGTCGGACTGTTATGTTCATAAAACATTACCTGGA
GAGAAGTCTAAGTATCAAATGCCGGCTGACGATCCAGATCAGAAACTAAAACGGAGATATACATGGATGATTGAGCCTCAATCTTTACAGGGTGAAGGTACATACCACACATTGTGCTCAATGTC
AGTTTCCAGCAAGGACAGAGTAGAAGCTACTGAAGTAGATACGTTAACATTGTTGGTTGGTGTGTACAGCTCCCAGTGTCTGTTTTGGAATGATGGGCAAGAGAAGTGGGACGGCGCAGGCTG
CAAGGTTGGGCCATTATCTTCCCTCGAGGTCACCCAGTGTCTCTGTAACCACCTGACATTCTTTGGCTCTAGCTTTCTGGTCATGCCAAACAAGATTGACTTCTTAGCAGACTCCAGACTCTTCTT
GACGTTCCTGGAAAATCCTGTTGTGGTGACTACGGTGGCCTTCATCTTAGTTCTCTATGTCGGTGTTGCGATGTGGGCACGTCGACAGGATAAAGCAGACTCGTTGAAGGCCTGTGTCATCACG
CTGGAGGACAACGACCCCTTTTCCAGATACCGCTACGATGTCACTGTGGTTACAGGCATGCGTAGGGGGGCAGGCACCACAGCCACTGCCACCTTGACCCTTCATGGGACTCTGGGGCACAG
CAGGCCACACGTCTTGTGCGACAAGCAGCGTAAGGTGTTACAGAGGGGCGGCGTGGACTCCTTTCTCATTGTGACGAAGCAGAGCCTTGGAGAGGTAATGGAAGTCAGGATTTGGCATGACA
ATGAAGGAGACAGCCCAGAATGGTATGCAAGTCGGATTGCTGTGCATGATTTGGAGACTGATGAGTGGTGGTTTGTCCTCTGCAATTCCTGGCTAGCTGTGGACATGGGTAAGGGTCTTATAGA
CCAGACCTTCCCTGTGGCTTCTGAAAAGGAGTTGAAGAACTTCCAGCATCTTTTCTCCACACGGACAATCCGGGACCTGCAGGATGGTCATCTGTGGTTTTCCATCTTCAACCGACCGGCCCGT
AGTACCTTCACCCGGCTTCAGCGTGTTTCCTGTTGTCTCTCTCTTCTCATGTGCATTATGCTGACTAGTATCATGTTCTATGGAGTTCCTACAGACCCTTCCGAGCAGACCATGGACTTTGGTGC
ATTCAGGATTACCTTCACTGAGATACTTATTGGCATTGAGAGTTCCATCCTTGCCTTTCCCATCAACCTTCTGATTGTTAGCATCTTCAGACATGCTCGTCCCGTTGAGGAGAAATCCAAACCCTA
CAAGATTAATAATGACAGAAGGAGTGATTCACCGATCTTTATGCCCCCATCTTTGTCTTCCCATAAGAGAGGGCACAAGTCCTCCGAGTCTTTGACAGAAGAATATGGATTTAGAACCATTAGAG
AGGATACATCATCTTCTGGGTTTGTGCTGTCAACAGAAGAGACATCATGGTTAACACAAACGGATACAATAGGCAGTTCTACAGAAAGAACAGGAAATGGGAAACCTGGAAGTTCTAGAAATGAA
ACTACCTCATCAGGATTCTCCCAGTCAACCCAGACAATGAACTTGACGTCATCGTCAGACATCAATGCCAAGTTCAGCCACAACAGATTTCTGCGTTCATGCTTGGATCAGATCGTTGATGATCT
AGACTTGTTGTCACCAGAATGTTTCCCTTCAGTGGAGCAGTATTTCCTTGCTCGGCAGGAGGCTAGAAACCTCCTACTCACAGTCATGACTATTCGAACTCCGAGTTCCTCGTCAACTGAGGCCA
GCGAAACTGACAGCCAATCGGAGCCTGGCTCCTGGAAGTGTTCATTTAAGTTCTTCCCTAACGGGCTTCCTCATTGGTTCATCTACATTGGCTGGTTGTTAGTGTTCTCCACTACTTTGACGTCA
TCCTACTTCACCATGCTTTATGGGCTCAAGTATGGCAAGAAGCGCTCCATCGATTGGCTAGTGTCATTGGTAGTGTCTCTTTTCCAGAGCATATTCTTAATTCAGCCTTTGAAGGTTCTCCTTCTT
GCCGCCTTTGTTGCTCTCGTTATGAAGAAGTGGGATGCAGATGATGATGGGAGTGATGACATTGAAGAAAGAGAAGTTGAGAATGCACAGGCCGTCTACAAGAAACTATTGCACAAATGGAAGG
ACACCCACTACCGACCGCCATCCCTGACTGCGATGGACACCAGTCGACGACGTAAAGACTTAGAGAGGAAGATGTATGCCCTCTTGCGTGAGATTATTGGCCTCTTTTTAGTCATCTGGCTAGT
CCTTGTCCTCGCGTACAGCCAACGGGACCGCAATTCTTACTATCTGACCAAGAACGTCAGGGATGTGTTCTTCAGCAATGATGAGTATGACTCGGTTGCAGATTTTGACAGTTTTTTCGAGTGGG
CAGACGTTACTTTGCTCCCTGGCCTGTACGAAGGAGATGCAACAACTGACACCGTGTCATTTCTTGTAGGCGGGGTTCGGATTCGTCAACTAAGGGTCCGTCCAGAGTTATGTGATATAAACAA
CTTTGTCAGGGACATCATCAACAGATGCACCCTCTCCTACTCTCAAGACACGAAGGACATTGGTACCTACAATAAGTCATGGAGTGAACCATTTCTCAATTGCACATCTGTAGACAGTTACCCTG
AGCAACAGGATATCTGGAGGTATCAGCATAATATTGCAACTGGTCTCGGGGGTCAAATGACGTCTTATCCTGGAGGAGGTTACGTGGTCATCTTGGGTCGGAACCAGACAGAAGCTAGGCAAG
TGTTGATGGACTTGATGGTTGCCGATTGGCTGGATGAACACACCAAGGCTCTGGTGGTAGAGTGGACAGTATACAATGCTAACACCAACCTGTTCGTGGTTGTCACATTTCTGACCGAGATCAC
GCCTTCGGGAGGGTTTGTCAAGACCACTCACATCCAGGCAGTTCGGCTCTATCGGAACGTGGCTAAGATCCAGCTCTTTGTTGTGTGCATTGAAATACTGTTTTCCATGTTCGTAGCCTTGTATG
CTGTAGTTGAGGTACGGAAGATGTACAAAGAAGGTCGCAGCTACTGGCAGGATGGTTGGAACTGGCTTCAGATGGCCATAGTTCTAACCTGCATTGTGATTATAGCATTCTACATCTACCGCTT
CATCTTCACTGAGAGGGTGTTAGAGATCCGTCGAAGGAGACCCGGGGAGTTTATTGACTTTAGAGCTGCTGCCACCATTGCGGAAACCTTTCAGTGTCTCCTTGGTTTTCTGCTCATCCTGTGC
ACCGTTAAGTTCCTGCACCTGCTCAGGTTAAATCCTAGGATGTACCTGCTGACATCAGTGTTGAGTTCCTCTGCTAATGAAGTTGTAGCCTTTGCTGCTTACATCTTTCTTGTCTTTTGTGCCTTTA
CTCTGCTTTTCCAGCTGATCTTTGGCAGGCACTTGATGACTTACAGCACCCTCGTCTTGGCCTTTGAGTCCCTCTTTGTGCTGTTTCTAGGAGAATATGAACACGATGAAATGTTTGCTGTTAAAG
GCATCATAGCTCCTATCTTGGTGGTCGTCTTTCAAGCCGTGGCGACATTCTTCTTTCTTAACCTACTCATCTCTGTCTTGAATAAAAACATGCGTTATGTCAGAAGACACCAGGAGCCCAGCGAA
GATGGTAAAATTGGCCTTTTACTGATCGACAAGATGCTATCCTGGTTTGGAATAAAGCACAGATACAATATT
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CGTCCTATTGCATGCCCCACGGCCAACGAGTACCTCTTCATCGCTGACATCATGGAGGTCTACCTGCATAATCGTGGCAGACACTACATGCCGAACTGTCAGGAGCGGACATGGGATATCAAC
GACCAATGCACATCTATGGGAGCTAAACAGTATATTCAGGAAACTTGCCCGGGAGGCAAACGTTGCGATATGTACATCGACTATGACAGTGATTTGACGATCGTTAACAACATCTACAGGATCAA
CTATTTCTGCTGTTTACGACCTGTAAATCTGACAGTGCAGGCACCTTCCCATGTGCTTTTTGAGTCAAGTGGAACTCCGGTGAATATTACTGTTGGATTTTCTGCTGGTTTGAGTGAATACGTCTC
ACAAGATAACTGTTCTATCTCCTTTGGCGATGGCATTACAGCCAAATGTTCCTTGGAAGTCAACCAGCAAGTATTAAGCCTATTTCACATCTACCAAGTTGTAGGCTGCTATCAGATGGTCATTAA
TGTGACATCTCTGAGTGCTATGGCACAACAAGAGATATGCATTGTCAGATCGTTAACGGATGCTGATGTCACGTTGGGTGTGGCTGTAGAAGGAAGACAAGATGTTGGAGTGTTTTCGGATCCG
ACAGACTTGATTTTCTTTACCGATCAGATCCTAGTGTTGAATGCATCGTTGCTAGGCAACACTGTTGCCGTAGAGTATTTGTGGGATCTTGGAGGCAATAAAACAATGACCGAGTCTCCAATAATT
AGGTGGTCAGTCCACGAAGCGGGATCATATACGGCGAGTGTCGTCGCATCAAATAAAATATCAAGCACGAGTGTAGTGACGAAGGTCGTGAATATGCTAAATCCAAACAATCTTCCCTGCAATC
CATCAAGCGTCCGTATCACAGGCCGTAAAACCAACGCCTCTTCACCGCTGACTTTCCTTCGCCACACACCTCTGTTGTTCCGCGGACACACAAAACTCTCCTGTAATCTGACTGCCTTCTACGTC
AATCTTCGTTGGACTATCTCCCTAGTAGATGCATCTGGAAATAATACTGCTGTGACACTCCCAGAGAGTTTAGTAACCCATCTGGAAGAAATCACTTTTCCAAAAAGGGCGCTAGAGTACGGGCT
GTACATACTGCAGTTTGAAGCCACGTTGGTAGCCCGTAGGGGATACGGTGACATAATTGGTAGAGGAAGTGACCATGTATGGATTAGGATTGATTCTAGCCCACCGACGGCAGTCATTCGGGG
TGGGTCAGCTCGGTCAGTCGGCTACAGCTCATCATTGGTATTGGATGGGTCTGGGTCATTTGATCCCGATAATTTGCTGGAGCCAACCAGAGGTCTACAGTATGAGTGGTTTTGCTCAAAAAGA
TCTGGACCAGATCATGGACCACAAGTCATTCCCTGCTTTGATGGCAGTTACCGTCTACCCTCCACCAACCCTACCCTAGAGATGCCGGCCAACACTCTCATACCTGATGAGGTCTACAAGTTCC
TACTGAATGTCAGTATAGCTGGACGGGGGAGCTCTTCAGTATCTCAAAGTATCACTGTGGTAGCCCATGACCCCCCCATTCTCAGCATAAGTTGTCTGCAAAACTGCGATGAGAAGCTGAGTAT
TGGTGAACGGGTTGTACTCCATGCGACGTCAACGACCCCTTCAGTCAATTTTACCTGGGATGTACTCACACGAGATAACGTTCCTGATGAGGCGTTTAATTGGGATGAGCTGACAACAACAGGA
CGATACTCGTCCTATCTTGTGATTGTTGGTGGGACTTTTGATGACGGAGACTACAGGGCACGATCAGTGAGGGTGACAGGCTCCCATCCAGAGAGTCCTCCAGGTTTTGCGGACTACACCTTTG
AGTTGAATGCTCCTCCTAGGATAGGCACCTGTAGCCTAGATCCAGAAAGTGGCTACGCTCTACAGACGGATTTCATCATTGACTGCGTGGATTTTTGGGACGAAGAAGGACATTTGATGTATAC
GGTTCATGTGCCGCCAGTATTCAAAAGCAAGGAACAGGCTGCATTACAGTACCTAGATCCTGTGTTGTACAGTGGAGCAGCTTCTACAACCCCATCTGTCTTCCTTCCCCTGGGCGATGAGTCT
AACAATTACCTTGTGACCATCGCTGTGGAGGTTGCTGATATACATGGTGCATCGGTGATCTTTACCATGACCGCAGTAGTGAGACCACCAGAAACCATCAGTCTAGGAGATGATGAAAGCACTA
GTGAGGTCCTTCTGAACCTGACCAGCGGCTCTGACTCGGAACTCCAGGAGCTGATCAACCAAGGAGACTTCCAGACAGCGGTGCAGATTATCGGTGCTGTGGGATCTATACTGGATAGTCATG
ATAAGGGGACTGGACAGAAATCAAACCACAATGAGACCCTGAAGAACAAGGAATTAAGACAAGAGATTCGTAGCTCAACAGTGAAGACCATAGCTGACATACCAGTTGAATCAGTGATTACGCT
ACAGCAGTCATCGTATGCTCTGGTGGCTATCACGCAGGACAAAACTGAAGTCACCCAGGAAACACAATTGACAGCGGCTACAACTTTGGCCAAGATGGGTGCGTTTCTTAAGGAGCATTCTGTA
GAGAGAACGGACTGTGAAAGCTGTCAGACCTCCATTGATAATGCTGCCTTGAATCTAGTCTCTGGACTTTCTAATATCCTGGATGCAGCAGTGACTAGCGTGGATGAGCTGACCTCAGCACCTA
CCAAAGATCATGCTGTGTCTAGAAATGAAACCACACCAATTGAGGAGGCGGATGATGTGGAGGCTAAGAAGAAGAGCAAAGTGGTCGCCAAGGCAACCCTGGCTGCCATCAGTGACGTGCAA
GATGCTCTGATCGTCAACAAGGTTCCAGGTGAAGAACCCACAGTTATCAAGTCACCAGTGCTAACACTGACATCTTTAAGGCATGAGAAAGATACCCTGGCTAAGAAGTCCATCGGTATGACCA
AGGAAAAGCCAGCTGGGTTCATTCTACCAGATTCTACCAGCATCGGAAACATCTTGCCTGCAAATTACACAGATGCCATCGATACACAGATGGTCCAGTTTGCTACTAATCCATTCGCTTGGAAT
GAAGGAAGTGAAGAGGTCACATCTGAAATAGTGGGGCTGCAACTGAAGACAGTGGATCGACAAGAGATTAAAGTTGCCAACTTGCCTGAGGACATTCAGATCTTTGTGCCAAAGCGCACCGTTA
CCATGGCTGACAACTCGGAGGTTACTGTCAATCAGAGCACCATTGTGATAGTCTCCTTTCAAGTCACTAACACAAATGCTACAGTCAATGTGCTAGTCTTGCCATCAGTCGCCAGTAAGGAATTG
GCATGCTGCCTATTATACCAAAGGAATGATTCACTGGGAAACCTCAGCAAGTCGGACTGTTATGTTCATAAAACATTACCTGGAGAGAAGTCTAAGTATCAAATGCCGGCTGACGATCCAGATCA
GAAACTAAAACGGAGATATACATGGATGATTGAGCCTCAATCTTTACAGGGTGAAGGTACATACCACACATTGTGCTCAATGTCAGTTTCCAGCAAGGACAGAGTAGAAGCTACTGAAGTAGATA
CGTTAACATTGTTGGTTGGTGTGTACAGCTCCCAGTGTCTGTTTTGGAATGATGGGCAAGAGAAGTGGGACGGCGCAGGCTGCAAGGTTGGGCCATTATCTTCCCTCGAGGTCACCCAGTGTC
TCTGTAACCACCTGACATTCTTTGGCTCTAGCTTTCTGGTCATGCCAAACAAGATTGACTTCTTAGCAGACTCCAGACTCTTCTTGACGTTCCTGGAAAATCCTGTTGTGGTGACTACGGTGGCC
TTCATCTTAGTTCTCTATGTCGGTGTTGCGATGTGGGCACGTCGACAGGATAAAGCAGACTCGTTGAAGGCCTGTGTCATCACGCTGGAGGACAACGACCCCTTTTCCAGATACCGCTACGATG
TCACTGTGGTTACAGGCATGCGTAGGGGGGCAGGCACCACAGCCACTGCCACCTTGACCCTTCATGGGACTCTGGGGCACAGCAGGCCACACGTCTTGTGCGACAAGCAGCGTAAGGTGTTA
CAGAGGGGCGGCGTGGACTCCTTTCTCATTGTGACGAAGCAGAGCCTTGGAGAGGTAATGGAAGTCAGGATTTGGCATGACAATGAAGGAGACAGCCCAGAATGGTATGCAAGTCGGATTGC
TGTGCATGATTTGGAGACTGATGAGTGGTGGTTTGTCCTCTGCAATTCCTGGCTAGCTGTGGACATGGGTAAGGGTCTTATAGACCAGACCTTCCCTGTGGCTTCTGAAAAGGAGTTGAAGAAC
TTCCAGCATCTTTTCTCCACACGGACAATCCGGGACCTGCAGGATGGTCATCTGTGGTTTTCCATCTTCAACCGACCGGCCCGTAGTACCTTCACCCGGCTTCAGCGTGTTTCCTGTTGTCTCT
CTCTTCTCATGTGCATTATGCTGACTAGTATCATGTTCTATGGAGTTCCTACAGACCCTTCCGAGCAGACCATGGACTTTGGTGCATTCAGGATTACCTTCACTGAGATACTTATTGGCATTGAGA
GTTCCATCCTTGCCTTTCCCATCAACCTTCTGATTGTTAGCATCTTCAGACATGCTCGTCCCGTTGAGGAGAAATCCAAACCCTACAAGATTAATAATGACAGAAGGAGTGATTCACCGATCTTTA
TGCCCCCATCTTTGTCTTCCCATAAGAGAGGGCACAAGTCCTCCGAGTCTTTGACAGAAGAATATGGATTTAGAACCATTAGAGAGGATACATCATCTTCTGGGTTTGTGCTGTCAACAGAAGAG
ACATCATGGTTAACACAAACGGATACAATAGGCAGTTCTACAGAAAGAACAGGAAATGGGAAACCTGGAAGTTCTAGAAATGAAACTACCTCATCAGGATTCTCCCAGTCAACCCAGACAATGAA
CTTGACGTCATCGTCAGACATCAATGCCAAGTTCAGCCACAACAGATTTCTGCGTTCATGCTTGGATCAGATCGTTGATGATCTAGACTTGTTGTCACCAGAATGTTTCCCTTCAGTGGAGCAGT
ATTTCCTTGCTCGGCAGGAGGCTAGAAACCTCCTACTCACAGTCATGACTATTCGAACTCCGAGTTCCTCGTCAACTGAGGCCAGCGAAACTGACAGCCAATCGGAGCCTGGCTCCTGGAAGT
GTTCATTTAAGTTCTTCCCTAACGGGCTTCCTCATTGGTTCATCTACATTGGCTGGTTGTTAGTGTTCTCCACTACTTTGACGTCATCCTACTTCACCATGCTTTATGGGCTCAAGTATGGCAAGA
AGCGCTCCATCGATTGGCTAGTGTCATTGGTAGTGTCTCTTTTCCAGAGCATATTCTTAATTCAGCCTTTGAAGGTTCTCCTTCTTGCCGCCTTTGTTGCTCTCGTTATGAAGAAGTGGGATGCAG
ATGATGATGGGAGTGATGACATTGAAGAAAGAGAAGTTG
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CGTCCTATTGCATGCCCCACGGCCAACGAGTACCTCTTCATCGCTGACATCATGGAGGTCTACCTGCATAATCGTGGCAGACACTACATGCCGAACTGTCAGGAGCGGACATGGGATATCAAC
GACCAATGCACATCTATGGGAGCTAAACAGTATATTCAGGAAACTTGCCCGGGAGGCAAACGTTGCGATATGTACATCGACTATGACAGTGATTTGACGATCGTTAACAACATCTACAGGATCAA
CTATTTCTGCTGTTTACGACCTGTAAATCTGACAGTGCAGGCACCTTCCCATGTGCTTTTTGAGTCAAGTGGAACTCCGGTGAATATTACTGTTGGATTTTCTGCTGGTTTGAGTGAATACGTCTC
ACAAGATAACTGTTCTATCTCCTTTGGCGATGGCATTACAGCCAAATGTTCCTTGGAAGTCAACCAGCAAGTATTAAGCCTATTTCACATCTACCAAGTTGTAGGCTGCTATCAGATGGTCATTAA
TGTGACATCTCTGAGTGCTATGGCACAACAAGAGATATGCATTGTCAGATCGTTAACGGATGCTGATGTCACGTTGGGTGTGGCTGTAGAAGGAAGACAAGATGTTGGAGTGTTTTCGGATCCG
ACAGACTTGATTTTCTTTACCGATCAGATCCTAGTGTTGAATGCATCGTTGCTAGGCAACACTGTTGCCGTAGAGTATTTGTGGGATCTTGGAGGCAATAAAACAATGACCGAGTCTCCAATAATT
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AGGTGGTCAGTCCACGAAGCGGGATCATATACGGCGAGTGTCGTCGCATCAAATAAAATATCAAGCACGAGTGTAGTGACGAAGGTCGTGAATATGCTAAATCCAAACAATCTTCCCTGCAATC
CATCAAGCGTCCGTATCACAGGCCGTAAAACCAACGCCTCTTCACCGCTGACTTTCCTTCGCCACACACCTCTGTTGTTCCGCGGACACACAAAACTCTCCTGTAATCTGACTGCCTTCTACGTC
AATCTTCGTTGGACTATCTCCCTAGTAGATGCATCTGGAAATAATACTGCTGTGACACTCCCAGAGAGTTTAGTAACCCATCTGGAAGAAATCACTTTTCCAAAAAGGGCGCTAGAGTACGGGCT
GTACATACTGCAGTTTGAAGCCACGTTGGTAGCCCGTAGGGGATACGGTGACATAATTGGTAGAGGAAGTGACCATGTATGGATTAGGATTGATTCTAGCCCACCGACGGCAGTCATTCGGGG
TGGGTCAGCTCGGTCAGTCGGCTACAGCTCATCATTGGTATTGGATGGGTCTGGGTCATTTGATCCCGATAATTTGCTGGAGCCAACCAGAGGTCTACAGTATGAGTGGTTTTGCTCAAAAAGA
TCTGGACCAGATCATGGACCACAAGTCATTCCCTGCTTTGATGGCAGTTACCGTCTACCCTCCACCAACCCTACCCTAGAGATGCCGGCCAACACTCTCATACCTGATGAGGTCTACAAGTTCC
TACTGAATGTCAGTATAGCTGGACGGGGGAGCTCTTCAGTATCTCAAAGTATCACTGTGGTAGCCCATGACCCCCCCATTCTCAGCATAAGTTGTCTGCAAAACTGCGATGAGAAGCTGAGTAT
TGGTGAACGGGTTGTACTCCATGCGACGTCAACGACCCCTTCAGTCAATTTTACCTGGGATGTACTCACACGAGATAACGTTCCTGATGAGGCGTTTAATTGGGATGAGCTGACAACAACAGGA
CGATACTCGTCCTATCTTGTGATTGTTGGTGGGACTTTTGATGACGGAGACTACAGGGCACGATCAGTGAGGGTGACAGGCTCCCATCCAGAGAGTCCTCCAGGTTTTGCGGACTACACCTTTG
AGTTGAATGCTCCTCCTAGGATAGGCACCTGTAGCCTAGATCCAGAAAGTGGCTACGCTCTACAGACGGATTTCATCATTGACTGCGTGGATTTTTGGGACGAAGAAGGACATTTGATGTATAC
GGTTCATGTGCCGCCAGTATTCAAAAGCAAGGAACAGGCTGCATTACAGTACCTAGATCCTGTGTTGTACAGTGGAGCAGCTTCTACAACCCCATCTGTCTTCCTTCCCCTGGGCGATGAGTCT
AACAATTACCTTGTGACCATCGCTGTGGAGGTTGCTGATATACATGGTGCATCGGTGATCTTTACCATGACCGCAGTAGTGAGACCACCAGAAACCATCAGTCTAGGAGATGATGAAAGCACTA
GTGAGGTCCTTCTGAACCTGACCAGCGGCTCTGACTCGGAACTCCAGGAGCTGATCAACCAAGGAGACTTCCAGACAGCGGTGCAGATTATCGGTGCTGTGGGATCTATACTGGATAGTCATG
ATAAGGGGACTGGACAGAAATCAAACCACAATGAGACCCTGAAGAACAAGGAATTAAGACAAGAGATTCGTAGCTCAACAGTGAAGACCATAGCTGACATACCAGTTGAATCAGTGATTACGCT
ACAGCAGTCATCGTATGCTCTGGTGGCTATCACGCAGGACAAAACTGAAGTCACCCAGGAAACACAATTGACAGCGGCTACAACTTTGGCCAAGATGGGTGCGTTTCTTAAGGAGCATTCTGTA
GAGAGAACGGACTGTGAAAGCTGTCAGACCTCCATTGATAATGCTGCCTTGAATCTAGTCTCTGGACTTTCTAATATCCTGGATGCAGCAGTGACTAGCGTGGATGAGCTGACCTCAGCACCTA
CCAAAGATCATGCTGTGTCTAGAAATGAAACCACACCAATTGAGGAGGCGGATGATGTGGAGGCTAAGAAGAAGAGCAAAGTGGTCGCCAAGGCAACCCTGGCTGCCATCAGTGACGTGCAA
GATGCTCTGATCGTCAACAAGGTTCCAGGTGAAGAACCCACAGTTATCAAGTCACCAGTGCTAACACTGACATCTTTAAGGCATGAGAAAGATACCCTGGCTAAGAAGTCCATCGGTATGACCA
AGGAAAAGCCAGCTGGGTTCATTCTACCAGATTCTACCAGCATCGGAAACATCTTGCCTGCAAATTACACAGATGCCATCGATACACAGATGGTCCAGTTTGCTACTAATCCATTCGCTTGGAAT
GAAGGAAGTGAAGAGGTCACATCTGAAATAGTGGGGCTGCAACTGAAGACAGTGGATCGACAAGAGATTAAAGTTGCCAACTTGCCTGAGGACATTCAGATCTTTGTGCCAAAGCGCACCGTTA
CCATGGCTGACAACTCGGAGGTTACTGTCAATCAGAGCACCATTGTGATAGTCTCCTTTCAAGTCACTAACACAAATGCTACAGTCAATGTGCTAGTCTTGCCATCAGTCGCCAGTAAGGAATTG
GCATGCTGCCTATTATACCAAAGGAATGATTCACTGGGAAACCTCAGCAAGTCGGACTGTTATGTTCATAAAACATTACCTGGAGAGAAGTCTAAGTATCAAATGCCGGCTGACGATCCAGATCA
GAAACTAAAACGGAGATATACATGGATGATTGAGCCTCAATCTTTACAGGGTGAAGGTACATACCACACATTGTGCTCAATGTCAGTTTCCAGCAAGGACAGAGTAGAAGCTACTGAAGTAGATA
CGTTAACATTGTTGGTTGGTGTGTACAGCTCCCAGTGTCTGTTTTGGAATGATGGGCAAGAGAAGTGGGACGGCGCAGGCTGCAAGGTTGGGCCATTATCTTCCCTCGAGGTCACCCAGTGTC
TCTGTAACCACCTGACATTCTTTGGCTCTAGCTTTCTGGTCATGCCAAACAAGATTGACTTCTTAGCAGACTCCAGACTCTTCTTGACGTTCCTGGAAAATCCTGTTGTGGTGACTACGGTGGCC
TTCATCTTAGTTCTCTATGTCGGTGTTGCGATGTGGGCACGTCGACAGGATAAAGCAGACTCGTTGAAGGCCTGTGTCATCACGCTGGAGGACAACGACCCCTTTTCCAGATACCGCTACGATG
TCACTGTGGTTACAGGCATGCGTAGGGGGGCAGGCACCACAGCCACTGCCACCTTGACCCTTCATGGGACTCTGGGGCACAGCAGGCCACACGTCTTGTGCGACAAGCAGCGTAAGGTGTTA
CAGAGGGGCGGCGTGGACTCCTTTCTCATTGTGACGAAGCAGAGCCTTGGAGAGGTAATGGAAGTCAGGATTTGGCATGACAATGAAGGAGACAGCCCAGAATGGTATGCAAGTCGGATTGC
TGTGCATGATTTGGAGACTGATGAGTGGTGGTTTGTCCTCTGCAATTCCTGGCTAGCTGTGGACATGGGTAAGGGTCTTATAGACCAGACCTTCCCTGTGGCTTCTGAAAAGGAGTTGAAGAAC
TTCCAGCATCTTTTCTCCACACGGACAATCCGGGACCTGCAGGATGGTCATCTGTGGTTTTCCATCTTCAACCGACCGGCCCGTAGTACCTTCACCCGGCTTCAGCGTGTTTCCTGTTGTCTCT
CTCTTCTCATGTGCATTATGCTGACTAGTATCATGTTCTATGGAGTTCCTACAGACCCTTCCGAGCAGACCATGGACTTTGGTGCATTCAGGATTACCTTCACTGAGATACTTATTGGCATTGAGA
GTTCCATCCTTGCCTTTCCCATCAACCTTCTGATTGTTAGCATCTTCAGACATGCTCGTCCCGTTGAGGAGAAATCCAAACCCTACAAGATTAATAATGACAGAAGGAGTGATTCACCGATCTTTA
TGCCCCCATCTTTGTCTTCCCATAAGAGAGGGCACAAGTCCTCCGAGTCTTTGACAGAAGAATATGGATTTAGAACCATTAGAGAGGATACATCATCTTCTGGGTTTGTGCTGTCAACAGAAGAG
ACATCATGGTTAACACAAACGGATACAATAGGCAGTTCTACAGAAAGAACAGGAAATGGGAAACCTGGAAGTTCTAGAAATGAAACTACCTCATCAGGATTCTCCCAGTCAACCCAGACAATGAA
CTTGACGTCATCGTCAGACATCAATGCCAAGTTCAGCCACAACAGATTTCTGCGTTCATGCTTGGATCAGATCGTTGATGATCTAGACTTGTTGTCACCAGAATGTTTCCCTTCAGTGGAGCAGT
ATTTCCTTGCTCGGCAGGAGGCTAGAAACCTCCTACTCACAGTCATGACTATTCGAACTCCGAGTTCCTCGTCAACTGAGGCCAGCGAAACTGACAGCCAATCGGAGCCTGGCTCCTGGAAGT
GTTCATTTAAGTTCTTCCCTAACGGGCTTCCTCATTGGTTCATCTACATTGGCTGGTTGTTAGTGTTCTCCACTACTTTGACGTCATCCTACTTCACCATGCTTTATGGGCTCAAGTATGGCAAGA
AGCGCTCCATCGATTGGCTAGTGTCATTGGTAGTGTCTCTTTTCCAGAGCATATTCTTAATTCAGCCTTTGAAGGTTCTCCTTCTTGCCGCCTTTGTTGCTCTCGTTATGAAGAAGTGGGATGCAG
ATGATGATGGGAGTGATGACATTGAAGAAAGAGAAGTTG
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ATGCCGGCCAACACTCTCATACCTGATGAGGTCTACAAGTTCCTACTGAATGTCAGTATAGCTGGACGGGGGAGCTCTTCAGTATCTCAAAGTATCACTGTGGTAGCCCATGACCCCCCCATTC
TCAGCATAAGTTGTCTGCAAAACTGCGATGAGAAGCTGAGTATTGGTGAACGGGTTGTACTCCATGCGACGTCAACGACCCCTTCAGTCAATTTTACCTGGGATGTACTCACACGAGATAACGTT
CCTGATGAGGCGTTTAATTGGGATGAGCTGACAACAACAGGACGATACTCGTCCTATCTTGTGATTGTTGGTGGGACTTTTGATGACGGAGACTACAGGGCACGATCAGTGAGGGTGACAGGC
TCCCATCCAGAGAGTCCTCCAGGTTTTGCGGACTACACCTTTGAGTTGAATGCTCCTCCTAGGATAGGCACCTGTAGCCTAGATCCAGAAAGTGGCTACGCTCTACAGACGGATTTCATCATTG
ACTGCGTGGATTTTTGGGACGAAGAAGGACATTTGATGTATACGGTTCATGTGCCGCCAGTATTCAAAAGCAAGGAACAGGCTGCATTACAGTACCTAGATCCTGTGTTGTACAGTGGAGCAGC
TTCTACAACCCCATCTGTCTTCCTTCCCCTGGGCGATGAGTCTAACAATTACCTTGTGACCATCGCTGTGGAGGTTGCTGATATACATGGTGCATCGGTGATCTTTACCATGACCGCAGTAGTGA
GACCACCAGAAACCATCAGTCTAGGAGATGATGAAAGCACTAGTGAGGTCCTTCTGAACCTGACCAGCGGCTCTGACTCGGAACTCCAGGAGCTGATCAACCAAGGAGACTTCCAGACAGCGG
TGCAGATTATCGGTGCTGTGGGATCTATACTGGATAGTCATGATAAGGGGACTGGACAGAAATCAAACCACAATGAGACCCTGAAGAACAAGGAATTAAGACAAGAGATTCGTAGCTCAACAGT
GAAGACCATAGCTGACATACCAGTTGAATCAGTGATTACGCTACAGCAGTCATCGTATGCTCTGGTGGCTATCACGCAGGACAAAACTGAAGTCACCCAGGAAACACAATTGACAGCGGCTACA
ACTTTGGCCAAGATGGGTGCGTTTCTTAAGGAGCATTCTGTAGAGAGAACGGACTGTGAAAGCTGTCAGACCTCCATTGATAATGCTGCCTTGAATCTAGTCTCTGGACTTTCTAATATCCTGGA
TGCAGCAGTGACTAGCGTGGATGAGCTGACCTCAGCACCTACCAAAGATCATGCTGTGTCTAGAAATGAAACCACACCAATTGAGGAGGCGGATGATGTGGAGGCTAAGAAGAAGAGCAAAGT
GGTCGCCAAGGCAACCCTGGCTGCCATCAGTGACGTGCAAGATGCTCTGATCGTCAACAAGGTTCCAGGTGAAGAACCCACAGTTATCAAGTCACCAGTGCTAACACTGACATCTTTAAGGCAT
GAGAAAGATACCCTGGCTAAGAAGTCCATCGGTATGACCAAGGAAAAGCCAGCTGGGTTCATTCTACCAGATTCTACCAGCATCGGAAACATCTTGCCTGCAAATTACACAGATGCCATCGATA
CACAGATGGTCCAGTTTGCTACTAATCCATTCGCTTGGAATGAAGGAAGTGAAGAGGTCACATCTGAAATAGTGGGGCTGCAACTGAAGACAGTGGATCGACAAGAGATTAAAGTTGCCAACTT
GCCTGAGGACATTCAGATCTTTGTGCCAAAGCGCACCGTTACCATGGCTGACAACTCGGAGGTTACTGTCAATCAGAGCACCATTGTGATAGTCTCCTTTCAAGTCACTAACACAAATGCTACAG
TCAATGTGCTAGTCTTGCCATCAGTCGCCAGTAAGGAATTGGCATGCTGCCTATTATACCAAAGGAATGATTCACTGGGAAACCTCAGCAAGTCGGACTGTTATGTTCATAAAACATTACCTGGA
GAGAAGTCTAAGTATCAAATGCCGGCTGACGATCCAGATCAGAAACTAAAACGGAGATATACATGGATGATTGAGCCTCAATCTTTACAGGGTGAAGGTACATACCACACATTGTGCTCAATGTC
AGTTTCCAGCAAGGACAGAGTAGAAGCTACTGAAGTAGATACGTTAACATTGTTGGTTGGTGTGTACAGCTCCCAGTGTCTGTTTTGGAATGATGGGCAAGAGAAGTGGGACGGCGCAGGCTG
CAAGGTTGGGCCATTATCTTCCCTCGAGGTCACCCAGTGTCTCTGTAACCACCTGACATTCTTTGGCTCTAGCTTTCTGGTCATGCCAAACAAGATTGACTTCTTAGCAGACTCCAGACTCTTCTT
GACGTTCCTGGAAAATCCTGTTGTGGTGACTACGGTGGCCTTCATCTTAGTTCTCTATGTCGGTGTTGCGATGTGGGCACGTCGACAGGATAAAGCAGACTCGTTGAAGGCCTGTGTCATCACG
CTGGAGGACAACGACCCCTTTTCCAGATACCGCTACGATGTCACTGTGGTTACAGGCATGCGTAGGGGGGCAGGCACCACAGCCACTGCCACCTTGACCCTTCATGGGACTCTGGGGCACAG
CAGGCCACACGTCTTGTGCGACAAGCAGCGTAAGGTGTTACAGAGGGGCGGCGTGGACTCCTTTCTCATTGTGACGAAGCAGAGCCTTGGAGAGGTAATGGAAGTCAGGATTTGGCATGACA
ATGAAGGAGACAGCCCAGAATGGTATGCAAGTCGGATTGCTGTGCATGATTTGGAGACTGATGAGTGGTGGTTTGTCCTCTGCAATTCCTGGCTAGCTGTGGACATGGGTAAGGGTCTTATAGA
CCAGACCTTCCCTGTGGCTTCTGAAAAGGAGTTGAAGAACTTCCAGCATCTTTTCTCCACACGGACAATCCGGGACCTGCAGGATGGTCATCTGTGGTTTTCCATCTTCAACCGACCGGCCCGT
AGTACCTTCACCCGGCTTCAGCGTGTTTCCTGTTGTCTCTCTCTTCTCATGTGCATTATGCTGACTAGTATCATGTTCTATGGAGTTCCTACAGACCCTTCCGAGCAGACCATGGACTTTGGTGC
ATTCAGGATTACCTTCACTGAGATACTTATTGGCATTGAGAGTTCCATCCTTGCCTTTCCCATCAACCTTCTGATTGTTAGCATCTTCAGACATGCTCGTCCCGTTGAGGAGAAATCCAAACCCTA
CAAGATTAATAATGACAGAAGGAGTGATTCACCGATCTTTATGCCCCCATCTTTGTCTTCCCATAAGAGAGGGCACAAGTCCTCCGAGTCTTTGACAGAAGAATATGGATTTAGAACCATTAGAG
AGGATACATCATCTTCTGGGTTTGTGCTGTCAACAGAAGAGACATCATGGTTAACACAAACGGATACAATAGGCAGTTCTACAGAAAGAACAGGAAATGGGAAACCTGGAAGTTCTAGAAATGAA
ACTACCTCATCAGGATTCTCCCAGTCAACCCAGACAATGAACTTGACGTCATCGTCAGACATCAATGCCAAGTTCAGCCACAACAGATTTCTGCGTTCATGCTTGGATCAGATCGTTGATGATCT
AGACTTGTTGTCACCAGAATGTTTCCCTTCAGTGGAGCAGTATTTCCTTGCTCGGCAGGAGGCTAGAAACCTCCTACTCACAGTCATGACTATTCGAACTCCGAGTTCCTCGTCAACTGAGGCCA
GCGAAACTGACAGCCAATCGGAGCCTGGCTCCTGGAAGTGTTCATTTAAGTTCTTCCCTAACGGGCTTCCTCATTGGTTCATCTACATTGGCTGGTTGTTAGTGTTCTCCACTACTTTGACGTCA
TCCTACTTCACCATGCTTTATGGGCTCAAGTATGGCAAGAAGCGCTCCATCGATTGGCTAGTGTCATTGGTAGTGTCTCTTTTCCAGAGCATATTCTTAATTCAGCCTTTGAAGGTTCTCCTTCTT
GCCGCCTTTGTTGCTCTCGTTATGAAGAAGTGGGATGCAGATGATGATGGGAGTGATGACATTGAAGAAAGAGAAGTTGAGAATGCACAGGCCGTCTACAAGAAACTATTGCACAAATGGAAGG
ACACCCACTACCGACCGCCATCCCTGACTGCGATGGACACCAGTCGACGACGTAAAGACTTAGAGAGGAAGATGTATGCCCTCTTGCGTGAGATTATTGGCCTCTTTTTAGTCATCTGGCTAGT
CCTTGTCCTCGCGTACAGCCAACGGGACCGCAATTCTTACTATCTGACCAAGAACGTCAGGGATGTGTTCTTCAGCAATGATGAGTATGACTCGGT:
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ATGCCGGCCAACACTCTCATACCTGATGAGGTCTACAAGTTCCTACTGAATGTCAGTATAGCTGGACGGGGGAGCTCTTCAGTATCTCAAAGTATCACTGTGGTAGCCCATGACCCCCCCATTC
TCAGCATAAGTTGTCTGCAAAACTGCGATGAGAAGCTGAGTATTGGTGAACGGGTTGTACTCCATGCGACGTCAACGACCCCTTCAGTCAATTTTACCTGGGATGTACTCACACGAGATAACGTT
CCTGATGAGGCGTTTAATTGGGATGAGCTGACAACAACAGGACGATACTCGTCCTATCTTGTGATTGTTGGTGGGACTTTTGATGACGGAGACTACAGGGCACGATCAGTGAGGGTGACAGGC
TCCCATCCAGAGAGTCCTCCAGGTTTTGCGGACTACACCTTTGAGTTGAATGCTCCTCCTAGGATAGGCACCTGTAGCCTAGATCCAGAAAGTGGCTACGCTCTACAGACGGATTTCATCATTG
ACTGCGTGGATTTTTGGGACGAAGAAGGACATTTGATGTATACGGTTCATGTGCCGCCAGTATTCAAAAGCAAGGAACAGGCTGCATTACAGTACCTAGATCCTGTGTTGTACAGTGGAGCAGC
TTCTACAACCCCATCTGTCTTCCTTCCCCTGGGCGATGAGTCTAACAATTACCTTGTGACCATCGCTGTGGAGGTTGCTGATATACATGGTGCATCGGTGATCTTTACCATGACCGCAGTAGTGA
GACCACCAGAAACCATCAGTCTAGGAGATGATGAAAGCACTAGTGAGGTCCTTCTGAACCTGACCAGCGGCTCTGACTCGGAACTCCAGGAGCTGATCAACCAAGGAGACTTCCAGACAGCGG
TGCAGATTATCGGTGCTGTGGGATCTATACTGGATAGTCATGATAAGGGGACTGGACAGAAATCAAACCACAATGAGACCCTGAAGAACAAGGAATTAAGACAAGAGATTCGTAGCTCAACAGT
GAAGACCATAGCTGACATACCAGTTGAATCAGTGATTACGCTACAGCAGTCATCGTATGCTCTGGTGGCTATCACGCAGGACAAAACTGAAGTCACCCAGGAAACACAATTGACAGCGGCTACA
ACTTTGGCCAAGATGGGTGCGTTTCTTAAGGAGCATTCTGTAGAGAGAACGGACTGTGAAAGCTGTCAGACCTCCATTGATAATGCTGCCTTGAATCTAGTCTCTGGACTTTCTAATATCCTGGA
TGCAGCAGTGACTAGCGTGGATGAGCTGACCTCAGCACCTACCAAAGATCATGCTGTGTCTAGAAATGAAACCACACCAATTGAGGAGGCGGATGATGTGGAGGCTAAGAAGAAGAGCAAAGT
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GGTCGCCAAGGCAACCCTGGCTGCCATCAGTGACGTGCAAGATGCTCTGATCGTCAACAAGGTTCCAGGTGAAGAACCCACAGTTATCAAGTCACCAGTGCTAACACTGACATCTTTAAGGCAT
GAGAAAGATACCCTGGCTAAGAAGTCCATCGGTATGACCAAGGAAAAGCCAGCTGGGTTCATTCTACCAGATTCTACCAGCATCGGAAACATCTTGCCTGCAAATTACACAGATGCCATCGATA
CACAGATGGTCCAGTTTGCTACTAATCCATTCGCTTGGAATGAAGGAAGTGAAGAGGTCACATCTGAAATAGTGGGGCTGCAACTGAAGACAGTGGATCGACAAGAGATTAAAGTTGCCAACTT
GCCTGAGGACATTCAGATCTTTGTGCCAAAGCGCACCGTTACCATGGCTGACAACTCGGAGGTTACTGTCAATCAGAGCACCATTGTGATAGTCTCCTTTCAAGTCACTAACACAAATGCTACAG
TCAATGTGCTAGTCTTGCCATCAGTCGCCAGTAAGGAATTGGCATGCTGCCTATTATACCAAAGGAATGATTCACTGGGAAACCTCAGCAAGTCGGACTGTTATGTTCATAAAACATTACCTGGA
GAGAAGTCTAAGTATCAAATGCCGGCTGACGATCCAGATCAGAAACTAAAACGGAGATATACATGGATGATTGAGCCTCAATCTTTACAGGGTGAAGGTACATACCACACATTGTGCTCAATGTC
AGTTTCCAGCAAGGACAGAGTAGAAGCTACTGAAGTAGATACGTTAACATTGTTGGTTGGTGTGTACAGCTCCCAGTGTCTGTTTTGGAATGATGGGCAAGAGAAGTGGGACGGCGCAGGCTG
CAAGGTTGGGCCATTATCTTCCCTCGAGGTCACCCAGTGTCTCTGTAACCACCTGACATTCTTTGGCTCTAGCTTTCTGGTCATGCCAAACAAGATTGACTTCTTAGCAGACTCCAGACTCTTCTT
GACGTTCCTGGAAAATCCTGTTGTGGTGACTACGGTGGCCTTCATCTTAGTTCTCTATGTCGGTGTTGCGATGTGGGCACGTCGACAGGATAAAGCAGACTCGTTGAAGGCCTGTGTCATCACG
CTGGAGGACAACGACCCCTTTTCCAGATACCGCTACGATGTCACTGTGGTTACAGGCATGCGTAGGGGGGCAGGCACCACAGCCACTGCCACCTTGACCCTTCATGGGACTCTGGGGCACAG
CAGGCCACACGTCTTGTGCGACAAGCAGCGTAAGGTGTTACAGAGGGGCGGCGTGGACTCCTTTCTCATTGTGACGAAGCAGAGCCTTGGAGAGGTAATGGAAGTCAGGATTTGGCATGACA
ATGAAGGAGACAGCCCAGAATGGTATGCAAGTCGGATTGCTGTGCATGATTTGGAGACTGATGAGTGGTGGTTTGTCCTCTGCAATTCCTGGCTAGCTGTGGACATGGGTAAGGGTCTTATAGA
CCAGACCTTCCCTGTGGCTTCTGAAAAGGAGTTGAAGAACTTCCAGCATCTTTTCTCCACACGGACAATCCGGGACCTGCAGGATGGTCATCTGTGGTTTTCCATCTTCAACCGACCGGCCCGT
AGTACCTTCACCCGGCTTCAGCGTGTTTCCTGTTGTCTCTCTCTTCTCATGTGCATTATGCTGACTAGTATCATGTTCTATGGAGTTCCTACAGACCCTTCCGAGCAGACCATGGACTTTGGTGC
ATTCAGGATTACCTTCACTGAGATACTTATTGGCATTGAGAGTTCCATCCTTGCCTTTCCCATCAACCTTCTGATTGTTAGCATCTTCAGACATGCTCGTCCCGTTGAGGAGAAATCCAAACCCTA
CAAGATTAATAATGACAGAAGGAGTGATTCACCGATCTTTATGCCCCCATCTTTGTCTTCCCATAAGAGAGGGCACAAGTCCTCCGAGTCTTTGACAGAAGAATATGGATTTAGAACCATTAGAG
AGGATACATCATCTTCTGGGTTTGTGCTGTCAACAGAAGAGACATCATGGTTAACACAAACGGATACAATAGGCAGTTCTACAGAAAGAACAGGAAATGGGAAACCTGGAAGTTCTAGAAATGAA
ACTACCTCATCAGGATTCTCCCAGTCAACCCAGACAATGAACTTGACGTCATCGTCAGACATCAATGCCAAGTTCAGCCACAACAGATTTCTGCGTTCATGCTTGGATCAGATCGTTGATGATCT
AGACTTGTTGTCACCAGAATGTTTCCCTTCAGTGGAGCAGTATTTCCTTGCTCGGCAGGAGGCTAGAAACCTCCTACTCACAGTCATGACTATTCGAACTCCGAGTTCCTCGTCAACTGAGGCCA
GCGAAACTGACAGCCAATCGGAGCCTGGCTCCTGGAAGTGTTCATTTAAGTTCTTCCCTAACGGGCTTCCTCATTGGTTCATCTACATTGGCTGGTTGTTAGTGTTCTCCACTACTTTGACGTCA
TCCTACTTCACCATGCTTTATGGGCTCAAGTATGGCAAGAAGCGCTCCATCGATTGGCTAGTGTCATTGGTAGTGTCTCTTTTCCAGAGCATATTCTTAATTCAGCCTTTGAAGGTTCTCCTTCTT
GCCGCCTTTGTTGCTCTCGTTATGAAGAAGTGGGATGCAGATGATGATGGGAGTGATGACATTGAAGAAAGAGAAGTTGAGAATGCACAGGCCGTCTACAAGAAACTATTGCACAAATGGAAGG
ACACCCACTACCGACCGCCATCCCTGACTGCGATGGACACCAGTCGACGACGTAAAGACTTAGAGAGGAAGATGTATGCCCTCTTGCGTGAGATTATTGGCCTC-mmmmmmmmmmmmse e
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ATGGCCAAACGTCCAAGCAAACCCCGTGATGTGTGGATGGTGCTTATCCTGGCTATGTTGGTTGTTGAATTGAAAGTGACCATTCAGCAGGAATGTGTAGATGACGCACGTCCTATTGCATGCC
CCACGGCCAACGAGTACCTCTTCATCGCTGACATCATGGAGGTCTACCTGCATAATCGTGGCAGACACTACATGCCGAACTGTCAGGAGCGGACATGGGATATCAACGACCAATGCACATCTAT
GGGAGCTAAACAGTATATTCAGGAAACTTGCCCGGGAGGCAAACGTTGCGATATGTACATCGACTATGACAGTGATTTGACGATCGTTAACAACATCTACAGGATCAACTATTTCTGCTGTTTAC
GACCTGTAAATCTGACAGTGCAGGCACCTTCCCATGTGCTTTTTGAGTCAAGTGGAACTCCGGTGAATATTACTGTTGGATTTTCTGCTGGTTTGAGTGAATACGTCTCACAAGATAACTGTTCTA
TCTCCTTTGGCGATGGCATTACAGCCAAATGTTCCTTGGAAGTCAACCAGCAAGTATTAAGCCTATTTCACATCTACCAAGTTGTAGGCTGCTATCAGATGGTCATTAATGTGACATCTCTGAGTG
CTATGGCACAACAAGAGATATGCATTGTCAGATCGTTAACGGATGCTGATGTCACGTTGGGTGTGGCTGTAGAAGGAAGACAAGATGTTGGAGTGTTTTCGGATCCGACAGACTTGATTTTCTTT
ACCGATCAGATCCTAGTGTTGAATGCATCGTTGCTAGGCAACACTGTTGCCGTAGAGTATTTGTGGGATCTTGGAGGCAATAAAACAATGACCGAGTCTCCAATAATTAGGTGGTCAGTCCACG
AAGCGGGATCATATACGGCGAGTGTCGTCGCATCAAATAAAATATCAAGCACGAGTGTAGTGACGAAGGTCGTGAATATGCTAAATCCAAACAATCTTCCCTGCAATCCATCAAGCGTCCGTATC
ACAGGCCGTAAAACCAACGCCTCTTCACCGCTGACTTTCCTTCGCCACACACCTCTGTTGTTCCGCGGACACACAAAACTCTCCTGTAATCTGACTGCCTTCTACGTCAATCTTCGTTGGACTAT
CTCCCTAGTAGATGCATCTGGAAATAATACTGCTGTGACACTCCCAGAGAGTTTAGTAACCCATCTGGAAGAAATCACTTTTCCAAAAAGGGCGCTAGAGTACGGGCTGTACATACTGCAGTTTG
AAGCCACGTTGGTAGCCCGTAGGGGATACGGTGACATAATTGGTAGAGGAAGTGACCATGTATGGATTAGGATTGATTCTAGCCCACCGACGGCAGTCATTCGGGGTGGGTCAGCTCGGTCA
GTCGGCTACAGCTCATCATTGGTATTGGATGGGTCTGGGTCATTTGATCCCGATAATTTGCTGGAGCCAACCAGAGGTCTACAGTATGAGTGGTTTTGCTCAAAAAGATCTGGACCAGATCATG
GACCACAAGTCATTCCCTGCTTTGATGGCAGTTACCGTCTACCCTCCACCAACCCTACCCTAGAGATGCCGGCCAACACTCTCATACCTGATGAGGTCTACAAGTTCCTACTGAATGTCAGTATA
GCTGGACGGGGGAGCTCTTCAGTATCTCAAAGTATCACTGTGGTAGCCCATGACCCCCCCATTCTCAGCATAAGTTGTCTGCAAAACTGCGATGAGAAGCTGAGTATTGGTGAACGGGTTGTAC
TCCATGCGACGTCAACGACCCCTTCAGTCAATTTTACCTGGGATGTACTCACACGAGATAACGTTCCTGATGAGGCGTTTAATTGGGATGAGCTGACAACAACAGGACGATACTCGTCCTATCTT
GTGATTGTTGGTGGGACTTTTGATGACGGAGACTACAGGGCACGATCAGTGAGGGTGACAGGCTCCCATCCAGAGAGTCCTCCAGGTTTTGCGGACTACACCTTTGAGTTGAATGCTCCTCCT
AGGATAGGCACCTGTAGCCTAGATCCAGAAAGTGGCTACGCTCTACAGACGGATTTCATCATTGACTGCGTGGATTTTTGGGACGAAGAAGGACATTTGATGTATACGGTTCATGTGCCGCCAG
TATTCAAAAGCAAGGAACAGGCTGCATTACAGTACCTAGATCCTGTGTTGTACAGTGGAGCAGCTTCTACAACCCCATCTGTCTTCCTTCCCCTGGGCGATGAGTCTAACAATTACCTTGTGACC
ATCGCTGTGGAGGTTGCTGATATACATGGTGCATCGGTGATCTTTACCATGACCGCAGTAGTGAGACCACCAGAAACCATCAGTCTAGGAGATGATGAAAGCACTAGTGAGGTCCTTCTGAACC
TGACCAGCGGCTCTGACTCGGAACTCCAGGAGCTGATCAACCAAGGAGACTTCCAGACAGCGGTGCAGATTATCGGTGCTGTGGGATCTATACTGGATAGTCATGATAAGGGGACTGGACAGA
AATCAAACCACAATGAGACCCTGAAGAACAAGGAATTAAGACAAGAGATTCGTAGCTCAACAGTGAAGACCATAGCTGACATACCAGTTGAATCAGTGATTACGCTACAGCAGTCATCGTATGCT
CTGGTGGCTATCACGCAGGACAAAACTGAAGTCACCCAGGAAACACAATTGACAGCGGCTACAACTTTGGCCAAGATGGGTGCGTTTCTTAAGGAGCATTCTGTAGAGAGAACGGACTGTGAA
AGCTGTCAGACCTCCATTGATAATGCTGCCTTGAATCTAGTCTCTGGACTTTCTAATATCCTGGATGCAGCAGTGACTAGCGTGGATGAGCTGACCTCAGCACCTACCAAAGATCATGCTGTGTC
TAGAAATGAAACCACACCAATTGAGGAGGCGGATGATGTGGAGGCTAAGAAGAAGAGCAAAGTGGTCGCCAAGGCAACCCTGGCTGCCATCAGTGACGTGCAAGATGCTCTGATCGTCAACAA
GGTTCCAGGTGAAGAACCCACAGTTATCAAGTCACCAGTGCTAACACTGACATCTTTAAGGCATGAGAAAGATACCCTGGCTAAGAAGTCCATCGGTATGACCAAGGAAAAGCCAGCTGGGTTC
ATTCTACCAGATTCTACCAGCATCGGAAACATCTTGCCTGCAAATTACACAGATGCCATCGATACACAGATGGTCCAGTTTGCTACTAATCCATTCGCTTGGAATGAAGGAAGTGAAGAGGTCAC
ATCTGAAATAGTGGGGCTGCAACTGAAGACAGTGGATCGACAAGAGATTAAAGTTGCCAACTTGCCTGAGGACATTCAGATCTTTGTGCCAAAGCGCACCGTTACCATGGCTGACAACTCGGAG
GTTACTGTCAATCAGAGCACCATTGTGATAGTCTCCTTTCAAGTCACTAACACAAATGCTACAGTCAATGTGCTAGTCTTGCCATCAGTCGCCAGTAAGGAATTGGCATGCTGCCTATTATACCAA
AGGAATGATTCACTGGGAAACCTCAGCAAGTCGGACTGTTATGTTCATAAAACATTACCTGGAGAGAAGTCTAAGTATCAAATGCCGGCTGACGATCCAGATCAGAAACTAAAACGGAGATATAC
ATGGATGATTGAGCCTCAATCTTTACAGGGTGAAGGTACATACCACACATTGTGCTCAATGTCAGTTTCCAGCAAGGACAGAGTAGAAGCTACTGAAGTAGATACGTTAACATTGTTGGTTGGTG
TGTACAGCTCCCAGTGTCTGTTTTGGAATGATGGGCAAGAGAAGTGGGACGGCGCAGGCTGCAAGGTTGGGCCATTATCTTCCCTCGAGGTCACCCAGTGTCTCTGTAACCACCTGACATTCT
TTGGCTCTAGCTTTCTGGTCATGCCAAACAAGATTGACTTCTTAGCAGACTCCAGACTCTTCTTGACGTTCCTGGAAAATCCTGTTGTGGTGACTACGGTGGCCTTCATCTTAGTTCTCTATGTCG
GTGTTGCGATGTGGGCACGTCGACAGGATAAAGCAGACTCGTTGAAGGCCTGTGTCATCACGCTGGAGGACAACGACCCCTTTTCCAGATACCGCTACGATGTCACTGTGGTTACAGGCATGC
GTAGGGGGGCAGGCACCACAGCCACTGCCACCTTGACCCTTCATGGGACTCTGGGGCACAGCAGGCCACACGTCTTGTGCGACAAGCAGCGTAAGGTGTTACAGAGGGGCGGCGTGGACTC
CTTTCTCATTGTGACGAAGCAGAGCCTTGGAGAGGTAATGGAAGTCAGGATTTGGCATGACAATGAAGGAGACAGCCCAGAATGGTATGCAAGTCGGATTGCTGTGCATGATTTGGAGACTGAT
GAGTGGTGGTTTGTCCTCTGCAATTCCTGGCTAGCTGTGGACATGGGTAAGGGTCTTATAGACCAGACCTTCCCTGTGGCTTCTGAAAAGGAGTTGAAGAACTTCCAGCATCTTTTCTCCACAC
GGACAATCCGGGACCTGCAGGATGGTCATCTGTGGTTTTCCATCTTCAACCGACCGGCCCGTAGTACCTTCACCCGGCTTCAGCGTGTTTCCTGTTGTCTCTCTCTTCTCATGTGCATTATGCT
GACTAGTATCATGTTCTATGGAGTTCCTACAGACCCTTCCGAGCAGACCATGGACTTTGGTGCATTCAGGATTACCTTCACTGAGATACTTATTGGCATTGAGAGTTCCATCCTTGCCTTTCCCAT
CAACCTTCTGATTGTTAGCATCTTCAGACATGCTCGTCCCGTTGAGGAGAAATCCAAACCCTACAAGATTAATAATGACAGAAGGAGTGATTCACCGATCTTTATGCCCCCATCTTTGTCTTCCCA
TAAGAGAGGGCACAAGTCCTCCGAGTCTTTGACAGAAGAATATGGATTTAGAACCATTAGAGAGGATACATCATCTTCTGGGTTTGTGCTGTCAACAGAAGAGACATCATGGTTAACACAAACGG
ATACAATAGGCAGTTCTACAGAAAGAACAGGAAATGGGAAACCTGGAAGTTCTAGAAATGAAACTACCTCATCAGGATTCTCCCAGTCAACCCAGACAATGAACTTGACGTCATCGTCAGACATC
AATGCCAAGTTCAGCCACAACAGATTTCTGCGTTCATGCTTGGATCAGATCGTTGATGATCTAGACTTGTTGTCACCAGAATGTTTCCCTTCAGTGGAGCAGTATTTCCTTGCTCGGCAGGAGGC
TAGAAACCTCCTACTCACAGTCATGACTATTCGAACTCCGAGTTCCTCGTCAACTGAGGCCAGCGAAACTGACAGCCAATCGGAGCCTGGCTCCTGGAAGTGTTCATTTAAGTTCTTCCCTAAC
GGGCTTCCTCATTGGTTCATCTACATTGGCTGGTTGTTAGTGTTCTCCACTACTTTGACGTCATCCTACTTCACCATGCTTTATGGGCTCAAGTATGGCAAGAAGCGCTCCATCGATTGGCTAGT
GTCATTGGTAGTGTCTCTTTTCCAGAGCATATTCTTAATTCAGCCTTTGAAGGTTCTCCTTCTTGCCGCCTTTGTTGCTCTCGTTATGAAGAAGTGGGATGCAGATGATGATGGGAGTGATGACAT
TGAAGAAAGAGAAGTTGAGAATGCACAGGCCGTCTACAAGAAACTATTGCACAAATGGAAGGACACCCACTACCGACCGCCATCCCTGACTGCGATGGACACCAGTCGACGACGTAAAGACTT
AGAGAGGAAGATGTATGCCCTCTTGCGTGAGATTATTGGCCTCTTTTTAGTCATCTGGCTAGTCCTTGTCCTCGCGTACAGCCAACGGGACCGCAATTCTTACTATCTGACCAAGAACGTCAGG
GATGTGTTCTTCAGCAATGATGAGTATGACTCGGTTGCAGATTTTGACAGTTTTTTCGAGTGGGCAGACGTTACTTTGCTCCCTGGCCTGTACGAAGGAGATGCAACAACTGACACCGTGTCATT
TCTTGTAGGCGGGGTTCGGATTCGTCAACTAAGGGTCCGTCCAGAGTTATGTGATATAAACAACTTTGTCAGGGACATCATCAACAGATGCACCCTCTCCTACTCTCAAGACACGAAGGACATT
GGTACCTACAATAAGTCATGGAGTGAACCATTTCTCAATTGCACATCTGTAGACAGTTACCCTGAGCAACAGGATATCTGGAGGTATCAGCATAATATTGCAACTGGTCTCGGGGGTCAAATGAC
GTCTTATCCTGGAGGAGGTTACGTGGTCATCTTGGGTCGGAACCAGACAGAAGCTAGGCAAGTGTTGATGGACTTGATGGTTGCCGATTGGCTGGATGAACACACCAAGGCTCTGGTGGTAGA
GTGGACAGTATACAATGCTAACACCAACCTGTTCGTGGTTGTCACATTTCTGACCGAGATCACGCCTTCGGGAGGGTTTGTCAAGACCACTCACATCCAGGCAGTTCGGCTCTATCGGAACGTG
GCTAAGATCCAGCTCTTTGTTGTGTGCATTGAAATACTGTTTTCCATGTTCGTAGCCTTGTATGCTGTAGTTGAGGTACGGAAGATGTACAAAGAAGGTCGCAGCTACTGGCAGGATGGTTGGAA
CTGGCTTCAGATGGCCATAGTTCTAACCTGCATTGTGATTATAGCATTCTACATCTACCGCTTCATCTTCACTGAGAGGGTGTTAGAGATCCGTCGAAGGAGACCCGGGGAGTTTATTGACTTTA
GAGCTGCTGCCACCATTGCGGAAACCTTTCAGTGTCTCCTTGGTTTTCTGCTCATCCTGTGCACCGTTAAGTTCCTGCACCTGCTCAGGTTAAATCCTAGGATGTACCTGCTGACATCAGTGTTG
AGTTCCTCTGCTAATGAAGTTGTAGCCTTTGCTGCTTACATCTTTCTTGTCTTTTGTGCCTTTACTCTGCTTTTCCAGCTGATCTTTGGCAGGCACTTGATGACTTACAGCACCCTCGTCTTGGCCT
TTGAGTCCCTCTTTGTGCTGTTTCTAGGAGAATATGAACACGATGAAATGTTTGCTGTTAAAGGCATCATAGCTCCTATCTTGGTGGTCGTCTTTCAAGCCGTGGCGACATTCTTCTTTCTTAACC
TACTCATCTCTGTCTTGAATAAAAACATGCGTTATGTCAGAAGACACCAGGAGCCCAGCGAAGATGGTAAAATTGGCCTTTTACTGATCGACAAGATGCTATCCTGGTTTGGAATAAAGCACAGA
TACAATATT
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ATGGCCAAACGTCCAAGCAAACCCCGTGATGTGTGGATGGTGCTTATCCTGGCTATGTTGGTTGTTGAATTGAAAGTGACCATTCAGCAGGAATGTGTAGATGACGCACGTCCTATTGCATGCC
CCACGGCCAACGAGTACCTCTTCATCGCTGACATCATGGAGGTCTACCTGCATAATCGTGGCAGACACTACATGCCGAACTGTCAGGAGCGGACATGGGATATCAACGACCAATGCACATCTAT
GGGAGCTAAACAGTATATTCAGGAAACTTGCCCGGGAGGCAAACGTTGCGATATGTACATCGACTATGACAGTGATTTGACGATCGTTAACAACATCTACAGGATCAACTATTTCTGCTGTTTAC
GACCTGTAAATCTGACAGTGCAGGCACCTTCCCATGTGCTTTTTGAGTCAAGTGGAACTCCGGTGAATATTACTGTTGGATTTTCTGCTGGTTTGAGTGAATACGTCTCACAAGATAACTGTTCTA
TCTCCTTTGGCGATGGCATTACAGCCAAATGTTCCTTGGAAGTCAACCAGCAAGTATTAAGCCTATTTCACATCTACCAAGTTGTAGGCTGCTATCAGATGGTCATTAATGTGACATCTCTGAGTG
CTATGGCACAACAAGAGATATGCATTGTCAGATCGTTAACGGATGCTGATGTCACGTTGGGTGTGGCTGTAGAAGGAAGACAAGATGTTGGAGTGTTTTCGGATCCGACAGACTTGATTTTCTTT
ACCGATCAGATCCTAGTGTTGAATGCATCGTTGCTAGGCAACACTGTTGCCGTAGAGTATTTGTGGGATCTTGGAGGCAATAAAACAATGACCGAGTCTCCAATAATTAGGTGGTCAGTCCACG
AAGCGGGATCATATACGGCGAGTGTCGTCGCATCAAATAAAATATCAAGCACGAGTGTAGTGACGAAGGTCGTGAATATGCTAAATCCAAACAATCTTCCCTGCAATCCATCAAGCGTCCGTATC
ACAGGCCGTAAAACCAACGCCTCTTCACCGCTGACTTTCCTTCGCCACACACCTCTGTTGTTCCGCGGACACACAAAACTCTCCTGTAATCTGACTGCCTTCTACGTCAATCTTCGTTGGACTAT
CTCCCTAGTAGATGCATCTGGAAATAATACTGCTGTGACACTCCCAGAGAGTTTAGTAACCCATCTGGAAGAAATCACTTTTCCAAAAAGGGCGCTAGAGTACGGGCTGTACATACTGCAGTTTG
AAGCCACGTTGGTAGCCCGTAGGGGATACGGTGACATAATTGGTAGAGGAAGTGACCATGTATGGATTAGGATTGATTCTAGCCCACCGACGGCAGTCATTCGGGGTGGGTCAGCTCGGTCA
GTCGGCTACAGCTCATCATTGGTATTGGATGGGTCTGGGTCATTTGATCCCGATAATTTGCTGGAGCCAACCAGAGGTCTACAGTATGAGTGGTTTTGCTCAAAAAGATCTGGACCAGATCATG
GACCACAAGTCATTCCCTGCTTTGATGGCAGTTACCGTCTACCCTCCACCAACCCTACCCTAGAGATGCCGGCCAACACTCTCATACCTGATGAGGTCTACAAGTTCCTACTGAATGTCAGTATA
GCTGGACGGGGGAGCTCTTCAGTATCTCAAAGTATCACTGTGGTAGCCCATGACCCCCCCATTCTCAGCATAAGTTGTCTGCAAAACTGCGATGAGAAGCTGAGTATTGGTGAACGGGTTGTAC
TCCATGCGACGTCAACGACCCCTTCAGTCAATTTTACCTGGGATGTACTCACACGAGATAACGTTCCTGATGAGGCGTTTAATTGGGATGAGCTGACAACAACAGGACGATACTCGTCCTATCTT
GTGATTGTTGGTGGGACTTTTGATGACGGAGACTACAGGGCACGATCAGTGAGGGTGACAGGCTCCCATCCAGAGAGTCCTCCAGGTTTTGCGGACTACACCTTTGAGTTGAATGCTCCTCCT
AGGATAGGCACCTGTAGCCTAGATCCAGAAAGTGGCTACGCTCTACAGACGGATTTCATCATTGACTGCGTGGATTTTTGGGACGAAGAAGGACATTTGATGTATACGGTTCATGTGCCGCCAG
TATTCAAAAGCAAGGAACAGGCTGCATTACAGTACCTAGATCCTGTGTTGTACAGTGGAGCAGCTTCTACAACCCCATCTGTCTTCCTTCCCCTGGGCGATGAGTCTAACAATTACCTTGTGACC
ATCGCTGTGGAGGTTGCTGATATACATGGTGCATCGGTGATCTTTACCATGACCGCAGTAGTGAGACCACCAGAAACCATCAGTCTAGGAGATGATGAAAGCACTAGTGAGGTCCTTCTGAACC
TGACCAGCGGCTCTGACTCGGAACTCCAGGAGCTGATCAACCAAGGAGACTTCCAGACAGCGGTGCAGATTATCGGTGCTGTGGGATCTATACTGGATAGTCATGATAAGGGGACTGGACAGA
AATCAAACCACAATGAGACCCTGAAGAACAAGGAATTAAGACAAGAGATTCGTAGCTCAACAGTGAAGACCATAGCTGACATACCAGTTGAATCAGTGATTACGCTACAGCAGTCATCGTATGCT
CTGGTGGCTATCACGCAGGACAAAACTGAAGTCACCCAGGAAACACAATTGACAGCGGCTACAACTTTGGCCAAGATGGGTGCGTTTCTTAAGGAGCATTCTGTAGAGAGAACGGACTGTGAA
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AGCTGTCAGACCTCCATTGATAATGCTGCCTTGAATCTAGTCTCTGGACTTTCTAATATCCTGGATGCAGCAGTGACTAGCGTGGATGAGCTGACCTCAGCACCTACCAAAGATCATGCTGTGTC
TAGAAATGAAACCACACCAATTGAGGAGGCGGATGATGTGGAGGCTAAGAAGAAGAGCAAAGTGGTCGCCAAGGCAACCCTGGCTGCCATCAGTGACGTGCAAGATGCTCTGATCGTCAACAA
GGTTCCAGGTGAAGAACCCACAGTTATCAAGTCACCAGTGCTAACACTGACATCTTTAAGGCATGAGAAAGATACCCTGGCTAAGAAGTCCATCGGTATGACCAAGGAAAAGCCAGCTGGGTTC
ATTCTACCAGATTCTACCAGCATCGGAAACATCTTGCCTGCAAATTACACAGATGCCATCGATACACAGATGGTCCAGTTTGCTACTAATCCATTCGCTTGGAATGAAGGAAGTGAAGAGGTCAC
ATCTGAAATAGTGGGGCTGCAACTGAAGACAGTGGATCGACAAGAGATTAAAGTTGCCAACTTGCCTGAGGACATTCAGATCTTTGTGCCAAAGCGCACCGTTACCATGGCTGACAACTCGGAG
GTTACTGTCAATCAGAGCACCATTGTGATAGTCTCCTTTCAAGTCACTAACACAAATGCTACAGTCAATGTGCTAGTCTTGCCATCAGTCGCCAGTAAGGAATTGGCATGCTGCCTATTATACCAA
AGGAATGATTCACTGGGAAACCTCAGCAAGTCGGACTGTTATGTTCATAAAACATTACCTGGAGAGAAGTCTAAGTATCAAATGCCGGCTGACGATCCAGATCAGAAACTAAAACGGAGATATAC
ATGGATGATTGAGCCTCAATCTTTACAGGGTGAAGGTACATACCACACATTGTGCTCAATGTCAGTTTCCAGCAAGGACAGAGTAGAAGCTACTGAAGTAGATACGTTAACATTGTTGGTTGGTG
TGTACAGCTCCCAGTGTCTGTTTTGGAATGATGGGCAAGAGAAGTGGGACGGCGCAGGCTGCAAGGTTGGGCCATTATCTTCCCTCGAGGTCACCCAGTGTCTCTGTAACCACCTGACATTCT
TTGGCTCTAGCTTTCTGGTCATGCCAAACAAGATTGACTTCTTAGCAGACTCCAGACTCTTCTTGACGTTCCTGGAAAATCCTGTTGTGGTGACTACGGTGGCCTTCATCTTAGTTCTCTATGTCG
GTGTTGCGATGTGGGCACGTCGACAGGATAAAGCAGACTCGTTGAAGGCCTGTGTCATCACGCTGGAGGACAACGACCCCTTTTCCAGATACCGCTACGATGTCACTGTGGTTACAGGCATGC
GTAGGGGGGCAGGCACCACAGCCACTGCCACCTTGACCCTTCATGGGACTCTGGGGCACAGCAGGCCACACGTCTTGTGCGACAAGCAGCGTAAGGTGTTACAGAGGGGCGGCGTGGACTC
CTTTCTCATTGTGACGAAGCAGAGCCTTGGAGAGGTAATGGAAGTCAGGATTTGGCATGACAATGAAGGAGACAGCCCAGAATGGTATGCAAGTCGGATTGCTGTGCATGATTTGGAGACTGAT
GAGTGGTGGTTTGTCCTCTGCAATTCCTGGCTAGCTGTGGACATGGGTAAGGGTCTTATAGACCAGACCTTCCCTGTGGCTTCTGAAAAGGAGTTGAAGAACTTCCAGCATCTTTTCTCCACAC
GGACAATCCGGGACCTGCAGGATGGTCATCTGTGGTTTTCCATCTTCAACCGACCGGCCCGTAGTACCTTCACCCGGCTTCAGCGTGTTTCCTGTTGTCTCTCTCTTCTCATGTGCATTATGCT
GACTAGTATCATGTTCTATGGAGTTCCTACAGACCCTTCCGAGCAGACCATGGACTTTGGTGCATTCAGGATTACCTTCACTGAGATACTTATTGGCATTGAGAGTTCCATCCTTGCCTTTCCCAT
CAACCTTCTGATTGTTAGCATCTTCAGACATGCTCGTCCCGTTGAGGAGAAATCCAAACCCTACAAGATTAATAATGACAGAAGGAGTGATTCACCGATCTTTATGCCCCCATCTTTGTCTTCCCA
TAAGAGAGGGCACAAGTCCTCCGAGTCTTTGACAGAAGAATATGGATTTAGAACCATTAGAGAGGATACATCATCTTCTGGGTTTGTGCTGTCAACAGAAGAGACATCATGGTTAACACAAACGG
ATACAATAGGCAGTTCTACAGAAAGAACAGGAAATGGGAAACCTGGAAGTTCTAGAAATGAAACTACCTCATCAGGATTCTCCCAGTCAACCCAGACAATGAACTTGACGTCATCGTCAGACATC
AATGCCAAGTTCAGCCACAACAGATTTCTGCGTTCATGCTTGGATCAGATCGTTGATGATCTAGACTTGTTGTCACCAGAATGTTTCCCTTCAGTGGAGCAGTATTTCCTTGCTCGGCAGGAGGC
TAGAAACCTCCTACTCACAGTCATGACTATTCGAACTCCGAGTTCCTCGTCAACTGAGGCCAGCGAAACTGACAGCCAATCGGAGCCTGGCTCCTGGAAGTGTTCATTTAAGTTCTTCCCTAAC
GGGCTTCCTCATTGGTTCATCTACATTGGCTGGTTGTTAGTGTTCTCCACTACTTTGACGTCATCCTACTTCACCATGCTTTATGGGCTCAAGTATGGCAAGAAGCGCTCCATCGATTGGCTAGT
GTCATTGGTAGTGTCTCTTTTCCAGAGCATATTCTTAATTCAGCCTTTGAAGGTTCTCCTTCTTGCCGCCTTTGTTGCTCTCGTTATGAAGAAGTGGGATGCAGATGATGATGGGAGTGATGACAT
TGAAGAAAGAGAAGTTGAGAATGCACAGGCCGTCTACAAGAAACTATTGCACAAATGGAAGGACACCCACTACCGACCGCCATCCCTGACTGCGATGGACACCAGTCGACGACGTAAAGACTT
AGAGAGGAAGATGTATGCCCTCTTGCGTGAGATTATTGGCCTCTTTTTAGTCATCTGGCTAGTCCTTGTCCTCGCGTACAGCCAACGGGACCGCAATTCTTACTATCTGACCAAGAACGTCAGG
GATGTGTTCTTCAGCAATGATGAGTATGACTCGGTTGCAGATTTTGACAGTTTTTTCGAGTGGGCAGACGTTACTTTGCTCCCTGGCCTGTACGAAGGAGATGCAACAACTGACACCGTGTCATT
TCTTGTAGGCGGGGTTCGGATTCGTCAACTAAGGGTCCGTCCAGAGTTATGTGATATAAACAACTTTGTCAGGGACATCATCAACAGATGCACCCTCTCCTACTCTCAAGACACGAAGGACATT
GGTACCTACAATAAGTCATGGAGTGAACCATTTCTCAATTGCACATCTGTAGACAGTTACCCTGAGCAACAGGATATCTGGAGGTATCAGCATAATATTGCAACTGGTCTCGGGGGTCAAATGAC
GTCTTATCCTGGAGGAGGTTACGTGGTCATCTTGGGTCGGAACCAGACAGAAGCTAGGCAAGTGTTGATGGACTTGATGGTTGCCGATTGGCTGGATGAACACACCAAGGCTCTGGTGGTAGA
GTGGACAGTATACAATGCTAACACCAACCTGTTCGTGGTTGTCACATTTCTGACCGAGATCACGCCTTCGGGAGGGTTTGTCAAGACCACTCACATCCAGGCAGTTCGGCTCTATCGGAACGTG
GCTAAGATCCAGCTCTTTGTTGTGTGCATTGAAATACTGTTTTCCATGTTCGTAGCCTTGTATGCTGTAGTTGAGGTACGGAAGATGTACAAAGAAGGTCGCAGCTACTGGCAGGATGGTTGGAA
CTGGCTTCAGATGGCCATAGTTCTAACCTGCATTGTGATTATAGCATTCTACATCTACCGCTTCATCTTCACTGAGAGGGTGTTAGAGATCCGTCGAAGGAGACCCGGGGAGTTTATTGACTTTA
GAGCTGCTGCCACCATTGCGGAAACCTTTCAGTGTCTCCTTGGTTTTCTGCTCATCCTGTGCACCGTTAAGTTCCTGCACCTGCTCAGGTTAAATCCTAGGATGTACCTGCTGACATCAGTGTTG
AGTTCCTCTGCTAATGAAGTTGTAGCCTTTGCTGCTTACATCTTTCTTGTCTTTTGTGCCTTTACTCTGCTTTTCCAGCTGATCTTTGGCAGGCACTTGATGACTTACAGCACCCTCGTCTTGGCCT
TTGAGTCCCTCTTTGTGCTGTTTCTAGGAGAATATGAACACGATGAAATGTTTGCTGTTAAAGGCATCATAGCTCCTATCTTGGTGGTCGTCTTTCAAGCCGTGGCGACATTCTTCTTTCTTAACC
TACTCATCTCTGTCTTGAATAAAAACATGCGTTATGTCAGAAGACACCAGGAGCCCAGCGAAGATGGTAAAATTGGCCTTTTACTGATCGACAAGATGCTATCCTGGTTTGGAATAAAGCACAGA
TACAATATT

>REJ1|Cryptasterina_pentagona_6_allele1|TRINITY_DN19966_c2_g1_il
ATGGCCAAACGTCCAAGCAAACCCCGTGATGTGTGGATGGTGCTTATCCTGGCTATGTTGGTTGTTGAATTGAAAGTGACCATTCAGCAGGAATGTGTAGATGACGCACGTCCTATTGCATGCC
CCACGGCCAACGAGTACCTCTTCATCGCTGACATCATGGAGGTCTACCTGCATAATCGTGGCAGACACTACATGCCGAACTGTCAGGAGCGGACATGGGATATCAACGACCAATGCACATCTAT
GGGAGCTAAACAGTATATTCAGGAAACTTGCCCGGGAGGCAAACGATGCGATATGTACATCGACTATGACAGTGATTTGACAATCGTTAACAACATCTACAGGATCAACTATTTCTGCTGTTTAC
GACCTGTAAATCTGACAGTGCAGGCACCTTCCCATGTGCTTTTTGAGTCAAGTGGAACTCCGGTGAATATTACTGTTGGATTTTCTGCTGGTTTGAGTGAATACGTCTCACAAGATAACTGTTCTA
TCTCCTTTGGCGATGGCATTACAGCCAAATGTTCCTTGGAAGTCAACCAGCAAGTATTAAGCCTATTTCACATCTACCAAGTTGTAGGCTGCTATCAGATGGTCATTAATGTGACATCTCTGAGTG
CTATGGCACAACAAGAGATATGCATTGTCAGATCGTTAACGGATGCTGATGTCACGTTGGGTGTGGCTGTAGAAGGAAGACAAGATGTTGGAGTGTTTTCGGATCCGACAGACTTGATTTTCTTT
ACCGATCAGATCCTAGTGTTGAATGCATCGTTGCTAGGCAACACTGTTGCCGTAGAGTATTTGTGGGATCTTGGAGGCAATAAAACAATGACCGAGTCTCCAATAATTAGGTGGTCAGTCCACG
AAGCGGGATCATATACGGCGAGTGTCGTCGCATCAAATAAAATATCAAGCACGAGTGTAGTGACGAAGGTCGTGAATATGCTAAATCCAAACAATCTTCCCTGCAATCCATCAAGCGTCCGTATC
ACAGGCCGTAAAACCAACGCCTCTTCACCGCTGACTTTCCTTCGCCACACACCTCTGTTGTTCCGCGGACACACAAAACTCTCCTGTAATCTGACTGCCTTCTACGTCAATCTTCGTTGGACTAT
CTCCCTAGTAGATGCATCTGGAAATAATACTGCTGTGACACTCCCAGAGAGTTTAGTAACCCATCTGGAAGAAATCACTTTTCCAAAAAGGGCGCTAGAGTACGGGCTGTACATACTGCAGTTTG
AAGCCACGTTGGTAGCCCGTAGGGGATACGGTGACATAATTGGTAGAGGAAGTGACCATGTATGGATTAGGATTGATTCTAGCCCACCGACGGCAGTCATTCGGGGTGGGTCAGCTCGGTCA
GTCGGCTACAGCTCATCATTGGTATTGGATGGGTCTGGGTCATTTGATCCCGATAATTTGCTGGAGCCAACCAGAGGTCTACAGTATGAGTGGTTTTGCTCAAAAAGATCTGGACCAGATCATG
GACCACAAGTCATTCCCTGCTTTGATGGCAGTTACCGTCTACCCTCCACCAACCCTACCCTAGAGATGCCGGCCAACACTCTCATACCAGACGAGGTCTACAAGTTCCTACTGAATGTCAGTATA
GCTGGACGGGGGAGCTCTTCAGTATCTCAAAGTATCACTGTGGTAGCCCATGACCCCCCCATTCTCAGCATAAGTTGTCTGCAAAACTGCGATGAGAAGCTGAGTATTGGTGAACGGGTTGTAC
TCCATGCGACGTCAACGACCCCTTCAGTCAATTTTACCTGGGATGTACTCACACGAGATAACGTTCCTGATGAGGCGTTTAATTGGGATGAGCTGACAACAACAGGACGATACTCGTCCTATCTT
GTGATTGTTGGTGGGACTTTTGATGACGGAGACTACAGGGCACGATCAGTGAGGGTGACAGGCTCCCATCCAGAGAGTCCTCCAGGTTTTGCGGACTACACCTTTGAGTTGAATGCTCCTCCT
AGGATAGGCACCTGTAGCCTAGATCCAGAAAGTGGCTACGCTCTACAGACGGATTTCATCATTGACTGCGTGGATTTTTGGGACGAAGAAGGACATTTGATGTATACGGTTCATGTGCCGCCAG
TATTCAAAAGCAAGGAACAGGCTGCATTACAGTACCTAGATCCTGTGTTGTACAGTGGAGCAGCTTCTACAACCCCATCTGTCTTCCTTCCCCTGGGCGATGAGTCTAACAATTACCTTGTGACC
ATCGCTGTGGAGGTTGCTGATATACATGGTGCATCGGTGATCTTTACCATGACCGCAGTAGTGAGACCACCAGAAACCATCAGTCTAGGAGATGATGAAAGCACTAGTGAGGTCCTTCTGAACC
TGACCAGCGGCTCTGACTCGGAACTCCAGGAGCTGATCAACCAAGGAGACTTCCAGACAGCGGTGCAGATTATCGGTGCTGTGGGATCTATACTGGATAGTCATGATAAGGGGACTGGACAGA
AATCAAACCACAATGAGACCCTGAAGAACAAGGAATTAAGACAAGAGATTCGTAGCTCAACAGTGAAGACCATAGCTGACATACCAGTTGAATCAGTGATTACGCTACAGCAGTCATCGTATGCT
CTGGTGGCTATCACGCAGGACAAAACTGAAGTCACCCAGGAAACACAATTGACAGCGGCTACAACTTTGGCCAAGATGGGTGCGTTTCTTAAGGAGCATTCTGTAGAGAGAACGGACTGTGAA
AGCTGTCAGACCTCCATTGATAATGCTGCCTTGAATCTAGTCTCTGGACTTTCTAATATCCTGGATGCAGCAGTGACTAGCGTGGATGAGCTGACCTCAGCACCTACCAAAGATGATGCTGTGTC
TAGAAATGAAACCACACCAATTGAGGAGGCGGATGATGTGGAGGCTAAGAAGAAGAGCAAAGTGGTCGCCAAGGCAACCCTGGCTGCCATCAGTGACGTGCAAGATGCTCTGATCGTCAACAA
GGTTCCAGGTGAAGAACCCACAGTTATCAAGTCACCAGTGCTAACACTGACATCTTTAAGGCATGAGAAAGATACCCTGGCTAAGAAGTCCATCGGTATGACCAAGGAAAAGCCAGCTGGGTTC
ATTCTGCCAGATTCTACCAGCATCGGAAACATCTTGCCTGCAAATTACACAGATGCCATCGATACACAGATGGTCCAGTTTGCTACTAATCCATTCGCTTGGAATGAAGGAAGTGAAGAGGTCAC
ATCTGAAATAGTGGGGCTGCAACTGAAGACAGTGGATCGACAAGAGATTAAAGTTGCCAACTTGCCTGAGGACATTCAGATCTTTGTGCCAAAGCGCACCGTTACCATGGCTGACAACTCGGAG
GTTACTGTCAATCAGAGCACCATTGTGATAGTCTCCTTTCAAGTCACTAACACAAATGCTACAGTCAATGTGCTAGTCTTGCCATCAGTCGCCAGTAAGGAATTGGCATGCTGCCTATTATACCAA
AGGAATGATTCACTGGGAAACCTCAGCAAGTCGGACTGTTATGTTCATAAAACATTACCTGGAGAGAAGTCTAAGTATCAAATGCCGGCTGACGATCCAGATCAGAAACTAAAACGGAGATATAC
ATGGATGATTGAGCCTCAATCTTTACAGGGTGAAGGTACATACCACACATTGTGCTCAATGTCAGTTTCCAGCAAGGACAGAGTAGAAGCTACTGAAGTAGATACGTTAACATTGTTGGTTGGTG
TGTACAGCTCCCAGTGTCTGTTTTGGAATGATGGGCAAGAGAAGTGGGACGGCGCAGGCTGCAAGGTTGGGCCATTATCTTCCCTCGAGGTCACCCAGTGTCTCTGTAACCACCTGACATTCT
TTGGCTCTAGCTTTCTGGTCATGCCAAACAAGATTGACTTCTTAGCAGACTCCAGACTCTTCTTGACGTTCCTGGAAAATCCTGTTGTGGTGACTACGGTGGCCTTCATCTTAGTTCTCTATGTCG
GTGTTGCGATGTGGGCACGTCGACAGGATAAAGCAGACTCGTTGAAGGCCTGTGTCATCACGCTGGAGGACAACGACCCCTTTTCCAGATACCGCTACGATGTCACTGTGGTTACAGGCATGC
GTAGGGGGGCAGGCACCACAGCCACTGCCACCTTGACCCTTCATGGGACTCTGGGGCACAGCAGGCCACACGTCTTGTGCGACAAGCAGCGTAAGGTGTTACAGAGGGGCGGCGTGGACTC
CTTTCTCATTGTGACGAAGCAGAGCCTTGGAGAGGTAATGGAAGTCAGGATTTGGCATGACAATGAAGGAGACAGCCCAGAATGGTATGCAAGTCGGATTGCTGTGCATGATTTGGAGACTGAT
GAGTGGTGGTTTGTCCTCTGCAATTCCTGGCTAGCTGTGGACATGGGTAAGGGTCTTATAGACCAGACCTTCCCTGTGGCTTCTGAAAAGGAGTTGAAGAACTTCCAGCATCTTTTCTCCACAC
GGACAATCCGGGACCTGCAGGATGGTCATCTGTGGTTTTCCATCTTCAACCGACCGGCCCGTAGTACCTTCACCCGGCTTCAGCGTGTTTCCTGTTGTCTCTCTCTTCTCATGTGCATTATGCT
GACTAGTATCATGTTCTATGGAGTTCCTACAGACCCTTCCGAGCAGACCATGGACTTTGGTGCATTCAGGATTACCTTCACTGAGATACTTATTGGCATTGAGAGTTCCATCCTTGCCTTTCCCAT
CAACCTTCTGATTGTTAGCATCTTCAGACATGCTCGTCCCGTTGAGGAGAAATCCAAACCCTACAAGATTAATAATGACAGAAGGAGTGATTCACCGATCTTTATGCCCCCATCTTTGTCTTCCCA
TAAGAGAGGGCACAAGTCCTCCGAGTCTTTGACAGAAGAATATGGATTTAGAACCATTAGAGAGGATACATCATCTTCTGGGTTTGTGCTGTCAACAGAAGAGACATCATGGTTAACACCAACGG
ATACAATAGGCAGTTCTACAGAAAGAACAGGAAATGGGAAACCTGGAAGTTCTAGAAATGAAACTACCTCATCAGGATTCTCCCAGTCAACCCAGACAATGAACTTGACGTCATCGTCAGACATC
AATGCCAAGTTCAGCCACAACAGATTTCTGCGTTCATGCTTGGATCAGATCGTTGATGATCTAGACTTGTTGTCACCAGAATGTTTCCCTTCAGTGGAGCAGTATTTCCTTGCTCGGCAGGAGGC
TAGAAACCTCCTACTCACAGTCATGACTATTCGAACTCCGAGTTCCTCGTCAACTGAGGCCAGCGAAACTGACAGCCAATCGGAGCCTGGCTCCTGGAAGTGTTCATTTAAGTTCTTCCCTAAC
GGGCTTCCTCATTGGTTCATCTACATTGGCTGGTTGTTAGTGTTCTCCACTACTTTGACGTCATCCTACTTCACCATGCTTTATGGGCTCAAGTATGGCAAGAAGCGCTCCATCGATTGGCTAGT
GTCATTGGTAGTGTCTCTTTTCCAGAGCATATTCTTAATTCAGCCTTTGAAGGTTCTCCTTCTTGCCGCCTTTGTTGCTCTCGTTATGAAGAAGTGGGATGCAGATGATGATGGGAGTGATGACAT
TGAAGAAAGAGAAGTTG

>REJ1|Cryptasterina_pentagona_6_allele2|TRINITY_DN19966_c2_g1_il
ATGGCCAAACGTCCAAGCAAACCCCGTGATGTGTGGATGGTGCTTATCCTGGCTATGTTGGTTGTTGAATTGAAAGTGACCATTCAGCAGGAATGTGTAGATGACGCACGTCCTATTGCATGCC
CCACGGCCAACGAGTACCTCTTCATCGCTGACATCATGGAGGTCTACCTGCATAATCGTGGCAGACACTACATGCCGAACTGTCAGGAGCGGACATGGGATATCAACGACCAATGCACATCTAT
GGGAGCTAAACAGTATATTCAGGAAACTTGCCCGGGAGGCAAACGTTGCGATATGTACATCGACTATGACAGTGATTTGACGATCGTTAACAACATCTACAGGATCAACTATTTCTGCTGTTTAC
GACCTGTAAATCTGACAGTGCAGGCACCTTCCCATGTGCTTTTTGAGTCAAGTGGAACTCCGGTGAATATTACTGTTGGATTTTCTGCTGGTTTGAGTGAATACGTCTCACAAGATAACTGTTCTA
TCTCCTTTGGCGATGGCATTACAGCCAAATGTTCCTTGGAAGTCAACCAGCAAGTATTAAGCCTATTTCACATCTACCAAGTTGTAGGCTGCTATCAGATGGTCATTAATGTGACATCTCTGAGTG
CTATGGCACAACAAGAGATATGCATTGTCAGATCGTTAACGGATGCTGATGTCACGTTGGGTGTGGCTGTAGAAGGAAGACAAGATGTTGGAGTGTTTTCGGATCCGACAGACTTGATTTTCTTT
ACCGATCAGATCCTAGTGTTGAATGCATCGTTGCTAGGCAACACTGTTGCCGTAGAGTATTTGTGGGATCTTGGAGGCAATAAAACAATGACCGAGTCTCCAATAATTAGGTGGTCAGTCCACG
AAGCGGGATCATATACGGCGAGTGTCGTCGCATCAAATAAAATATCAAGCACGAGTGTAGTGACGAAGGTCGTGAATATGCTAAATCCAAACAATCTTCCCTGCAATCCATCAAGCGTCCGTATC
ACAGGCCGTAAAACCAACGCCTCTTCACCGCTGACTTTCCTTCGCCACACACCTCTGTTGTTCCGCGGACACACAAAACTCTCCTGTAATCTGACTGCCTTCTACGTCAATCTTCGTTGGACTAT
CTCCCTAGTAGATGCATCTGGAAATAATACTGCTGTGACACTCCCAGAGAGTTTAGTAACCCATCTGGAAGAAATCACTTTTCCAAAAAGGGCGCTAGAGTACGGGCTGTACATACTGCAGTTTG
AAGCCACGTTGGTAGCCCGTGGGGGATACGGTGACATAATTGGTAGAGGAAGTGACCATGTATGGATTAGGATTGATTCTAGCCCACCGACGGCAGTCATTCGGGGTGGGTCAGCTCGGTCA
GTCGGCTACAGCTCATCATTGGTATTGGATGGGTCTGGGTCATTTGATCCCGATAATTTGCTGGAGCCAACCAGAGGTCTACAGTATGAGTGGTTTTGCTCAAAAAGATCTGGACCAGATCATG
GACCACAAGTCATTCCCTGCTTTGATGGCAGTTACCGTCTACCCTCCACCAACCCTACCCTAGAGATGCCGGCCAACACTCTCATACCTGATGAGGTCTACAAGTTCCTACTGAATGTCAGTATA
GCTGGACGGGGGAGCTCTTCAGTATCTCAAAGTATCACTGTGGTAGCCCATGACCCCCCCATTCTTAGCATAAGTTGTCTGCAAAACTGCGATGAGAAGCTGAGTATTGGTGAACGGGTTGTAC
TCCATGCGACGTCAACGACCCCTTCAGTCAATTTTACCTGGGATGTACTCACACGAGATAACGTTCCTGATGAGGCGTTTAATTGGGATGAGCTGACAACAACAGGACGATACTCGTCCTATCTT
GTGATTGTTGGTGGGACTTTTGATGACGGAGACTACAGGGCACGATCAGTGAGGGTGACAGGCTCCCATCCAGAGAGTCCTCCAGGTTTTGCGGACTACACCTTTGAGTTGAATGCTCCTCCT
AGGATAGGCACCTGTAGCCTAGATCCAGAAAGTGGCTACGCTCTACAGACGGATTTCATCATTGACTGCGTGGATTTTTGGGACGAAGAAGGACATTTGATGTATACGGTTCATGTGCCGCCAG
TATTCAAAAGCAAGGAACAGGCTGCATTACAGTACCTAGATCCTGTGTTGTACAGTGGAGCAGCTTCTACAACCCCATCTGTCTTCCTTCCCCTGGGCGATGAGTCTAACAATTACCTTGTGACC
ATCGCTGTGGAGGTTGCTGATATACATGGTGCATCGGTGATCTTTACCATGACCGCAGTAGTGAGACCACCAGAAACCATCAGTCTAGGAGATGATGAAAGCACTAGTGAGGTCCTTCTGAACC
TGACCAGCGGCTCTGACTCGGAACTCCAGGAGCTGATCAACCAAGGAGACTTCCAGACAGCGGTGCAGATTATCGGTGCTGTGGGATCTATACTGGATAGTCATGATAAGGGGACTGGACAGA
AATCAAACCACAATGAGACCCTGAAGAACAAGGAATTAAGACAAGAGATTCGTAGCTCAACAGTGAAGACCATAGCTGACATACCAGTTGAATCAGTGATTACGCTACAGCAGTCATCGTATGCT
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CTGGTGGCTATCACGCAGGACAAAACTGAAGTCACCCAGGAAACACAATTGACAGCGGCTACAACTTTGGCCAAGATGGGTGCGTTTCTTAAGGAGCATTCTGTAGAGAGAACGGACTGTGAA
AGCTGTCAGACCTCCATTGATAATGCTGCCTTGAATCTAGTCTCTGGACTTTCTAATATCCTGGATGCAGCAGTGACTAGCGTGGATGAGCTGACCTCAGCACCTACCAAAGATGATGCTGTGTC
TAGAAATGAAACCACACCAATTGAGGAGGCGGATGATGTGGAGGCTAAGAAGAAGAGCAAAGTGGTCGCCAAGGCAACCCTGGCTGCCATCAGTGACGTGCAAGATGCTCTGATCGTCAACAA
GGTTCCAGGTGAAGAACCCACAGTTATCAAGTCACCAGTGCTAACACTGACATCTTTAAGGCATGAGAAAGATACCCTGGCTAAGAAGTCCATCGGTATGACCAAGGACAAGCCAGCTGGGTTC
ATTCTGCCAGATTCTACCAGCATCGGAAACATCTTGCCTGCAAATTACACAGATGCCATCGATACACAGATGGTCCAGTTTGCTACTAATCCATTCGCTTGGAATGAAGGAAGTGAAGAGGTCAC
ATCTGAAATAGTGGGGCTGCAACTGAAGACAGTGGATCGACAAGAGATTAAAGTTGCCAACTTGCCTGAGGACATTCAGATCTTTGTGCCAAAGCGCACCGTTACCATGGCTGACAACTCGGAG
GTTACTGTCAATCAGAGCACCATTGTGATAGTCTCCTTTCAAGTCACTAACACAAATGCTACAGTCAATGTGCTAGTCTTGCCATCAGTCGCCAGTAAGGAATTGGCATGCTGCCTATTATACCAA
AGGAATGATTCACTGGGAAACCTCAGCAAGTCGGACTGTTATGTTCATAAAACATTACCTGGAGAGAAGTCTAAGTATCAAATGCCGGCTGACGATCCAGATCAGAAACTAAAACGGAGATATAC
ATGGATGATTGAGCCTCAATCTTTACAGGGTGAAGGTACATACCACACATTGTGCTCAATGTCAGTTTCCAGCAAGGACAGAGTAGAAGCTACTGAAGTAGATACGTTAACATTGTTGGTTGGTG
TGTATAGCTCCCAGTGTCTGTTTTGGAATGATGGGCAAGAGAAGTGGGACGGCGCAGGCTGCAAGGTTGGGCCATTATCTTCCCTCGAGGTCACCCAGTGTCTCTGTAACCACCTGACATTCTT
TGGCTCTAGCTTTCTGGTCATGCCAAACAAGATTGACTTCTTAGCAGACTCCAGACTCTTCTTGACGTTCCTGGAAAATCCTGTTGTGGTGACTACGGTGGCCTTCATCTTAGTTCTCTATGTCG
GTGTTGCGATGTGGGCACGTCGACAGGATAAAGCAGACTCGTTGAAGGCCTGTGTCATCACGCTGGAGGACAACGACCCCTTTTCCAGATACCGCTACGATGTCACTGTGGTTACAGGCATGC
GTAGGGGGGCAGGCACCACAGCCACTGCCACCTTGACCCTTCATGGGACTCTGGGGCACAGCAGGCCACACGTCTTGTGCGACAAGCAGCGTAAGGTGTTACAGAGGGGCGGCGTGGACTC
CTTTCTCATTGTGACGAAGCAGAGCCTTGGAGAGGTAATGGAAGTCAGGATTTGGCATGACAATGAAGGAGACAGCCCAGAATGGTATGCAAGTCGGATTGCTGTGCATGATTTGGAGACTGAT
GAGTGGTGGTTTGTCCTCTGCAATTCCTGGCTAGCTGTGGACATGGGTAAGGGTCTTATAGACCAGACCTTCCCTGTGGCTTCTGAAAAGGAGTTGAAGAACTTCCAGCATCTTTTCTCCACAC
GGACAATCCGGGACCTGCAGGATGGTCATCTGTGGTTTTCCATCTTCAACCGACCGGCCCGTAGTACCTTCACCCGGCTTCAGCGTGTTTCCTGTTGTCTCTCTCTTCTCATGTGCATTATGCT
GACTAGTATCATGTTCTATGGAGTTCCTACAGACCCTTCCGAGCAGACCATGGACTTTGGTGCATTCAGGATTACCTTCACTGAGATACTTATTGGCATTGAGAGTTCCATCCTTGCCTTTCCCAT
CAACCTTCTGATTGTTAGCATCTTCAGACATGCTCGTCCCGTTGAGGAGAAATCCAAACTCTACAAGATTAATAATGACAGAAGGAGTGATTCACCGATCTTTATGCCCCCATCTTTGTCTTCCCA
TAAGAGAGGGCACAAGTCCTCCGAGTCTTTGACAGAAGAATATGGATTTAGAACCATTAGAGAGGATACATCATCTTCTGGGTTTGTGCTGTCAACAGAAGAGACATCATGGTTAACACCAACGG
ATACAATAGGCAGTTCTACAGAAAGAACAGGAAATGGGAAACCTGGAAGTTCTAGAAATGAAACTACCTCATCAGGATTCTCCCAGTCAACCCAGACAATGAACTTGACGTCATCGTCAGACATC
AATGCCAAGTTCAGCCACAACAGATTTCTGCGTTCATGCTTGGATCAGATCGTTGATGATCTAGACTTGTTGTCACCAGAATGTTTCCCTTCAGTGGAGCAGTATTTCCTTGCTCGGCAGGAGGC
TAGAAACCTCCTACTCACAGTCATGACTATTCGAACTCCGAGTTCCTCGTCAACTGAGGCCAGCGAAACTGACAGCCAATCGGAGCCTGGCTCCTGGAAGTGTTCATTTAGGTTCTTCCCTAAC
GGGCTTCCTCATTGGTTCATCTACATTGGCTGGTTGTTAGTGTTCTCCACTACTTTGACGTCATCCTACTTCACCATGCTTTATGGGCTCAAGTATGGCAAGAAGCGCTCCATCGATTGGCTAGT
GTCATTGGTAGTGTCTCTTTTCCAGAGCATATTCTTAATTCAGCCTTTGAAGGTTCTCCTTCTTGCCGCCTTTGTTGCTCTCGTTATGAAGAAGTGGGATGCAGATGATGATGGGAGTGATGACAT
TGAAGAAAGAGAAGTTG
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ATGGCCAAACGTCCAAGCAAACCCCGTGATGTGTGGATGGTGCTTATCCTGGCTATGTTGGTTGTTGAATTGAAAGTGACCATTCAGCAGGAATGTGTAGATGACGCACGTCCTATTGCATGCC
CCACGGCCAACGAGTACCTCTTCATCGCTGACATCATGGAGGTCTACCTGCATAATCGTGGCAGACACTACATGCCGAACTGTCAGGAGCGGACATGGGATATCAACGACCAATGCACATCTAT
GGGAGCTAAACAGTATATTCAGGAAACTTGCCCGGGAGGCAAACGATGCGATATGTACATCGACTATGACAGTGATTTGACAATCGTTAACAACATCTACAGGATCAACTATTTCTGCTGTTTAC
GACCTGTAAATCTGACAGTGCAGGCACCTTCCCATGTGCTTTTTGAGTCAAGTGGAACTCCGGTGAATATTACTGTTGGATTTTCTGCTGGTTTGAGTGAATACGTCTCACAAGATAACTGTTCTA
TCTCCTTTGGCGATGGCATTACAGCCAAATGTTCCTTGGAAGTCAACCAGCAAGTATTAAGCCTATTTCACATCTACCAAGTTGTAGGCTGCTATCAGATGGTCATTAATGTGACATCTCTGAGTG
CTATGGCACAACAAGAGATATGCATTGTCAGATCGTTATCGGATGCTGATGTCACGTTGGGTGTGGCTGTAGAAGGAAGACAAGATGTTGGAGTGTTTTCGGATCCGACAGACTTGATTTTCTTT
ACCGATCAGATCCTAGTGTTGAATGCATCGTTGCTAGGCAACACTGTTGCCGTAGAGTATTTGTGGGATCTTGGAGGCAATAAAACAATGACCGAGTCTCCAATAATTAGGTGGTCAGTCCACG
AAGCGGGATCATATACGGCGAGTGTCGTCGCATCAAATAAAATATCAAGCACGAGTGTAGTGACGAAGGTCGTGAATATGCTAAATCCAAACAATCTTCCCTGCAATCCATCAAGCGTCCGTATC
ACAGGCCGTAAAACCAACGCCTCTTCACCGCTGACTTTCCTTCGCCACACACCTCTGTTGTTCCGCGGACACACAAAACTCTCCTGTAATCTGACTGCCTTCTACGTCAATCTTCGTTGGACTAT
CTCCCTAGTAGATGCATCTGGAAATAATACTGCTGTGACACTCCCAGAGAGTTTAGTAACCCATCTGGAAGAAATCACTTTTCCAAAAAGGGCGCTAGAGTACGGGCTGTACATACTGCAGTTTG
AAGCCACGTTGGTAGCCCGTGGGGGATACGGTGACATAATTGGTAGAGGAAGTGACCATGTATGGATTAGGATTGATTCTAGCCCACCGACGGCAGTCATTCGGGGTGGGTCAGCTCGGTCA
GTCGGCTACAGCTCATCATTGGTATTGGATGGGTCTGGGTCATTTGATCCCGATAATTTGCTGGAGCCAACCAGAGGTCTACAGTATGAGTGGTTTTGCTCAAAAAGATCTGGACCAGATCATG
GACCACAAGTCATTCCCTGCTTTGATGGCAGTTACCGTCTACCCTCCACCAACCCTACCCTAGAGATGCCGGCCAACACTCTCATACCAGACGAGGTCTACAAGTTCCTACTGAATGTCAGTATA
GCTGGACGGGGGAGCTCTTCAGTATCTCAAAGTATCACTGTGGTAGCCCATGACCCCCCCATTCTTAGCATAAGTTGTCTGCAAAACTGCGATGAGAAGCTGAGTATTGGTGAACGGGTTGTAC
TCCATGCGACGTCAACGACCCCTTCAGTCAATTTTACCTGGGATGTACTCACACGAGATAACGTTCCTGATGAGGCGTTTAATTGGGATGAGCTGACAACAACAGGACGATACTCGTCCTATCTT
GTGATTGTTGGTGGGACTTTTGATGACGGAGACTACAGGGCACGATCAGTGAGGGTGACAGGCTCCCATCCAGAGAGTCCTCCAGGTTTTGCGGACTACACCTTTGAGTTGAATGCTCCTCCT
AGGATAGGCACCTGTAGCCTAGATCCAGAAAGTGGCTACGCTCTACAGACGGATTTCATCATTGACTGCGTGGATTTTTGGGACGAAGAAGGACATTTGATGTATACGGTTCATGTGCCGCCAG
TATTCAAAAGCAAGGAACAGGCTGCATTACAGTACCTAGATCCTGTGTTGTACAGTGGAGCAGCTTCTACAACCCCATCTGTCTTCCTTCCCCTGGGCGATGAGTCTAACAATTACCTTGTGACC
ATCGCTGTGGAGGTTGCTGATATACATGGTGCATCGGTGATCTTTACCATGACCGCAGTAGTGAGACCACCAGAAACCATCAGTCTAGGAGATGATGAAAGCACTAGTGAGGTCCTTCTGAACC
TGACCAGCGGCTCTGACTCGGAACTCCAGGAGCTGATCAACCAAGGAGACTTCCAGACAGCGGTGCAGATTATCGGTGCTGTGGGATCTATACTGGATAGTCATGATAAGGGGACTGGACAGA
AATCAAACCACAATGAGACCCTGAAGAACAAGGAATTAAGACAAGAGATTCGTAGCTCAACAGTGAAGACCATAGCTGACATACCAGTTGAATCAGTGATTACGCTACAGCAGTCATCGTATGCT
CTGGTGGCTATCACGCAGGACAAAACTGAAGTCACCCAGGAAACACAATTGACAGCGGCTACAACTTTGGCCAAGATGGGTGCGTTTCTTAAGGAGCATTCTGTAGAGAGAACGGACTGTGAA
AGCTGTCAGACCTCCATTGATAATGCTGCCTTGAATCTAGTCTCTGGACTTTCTAATATCCTGGATGCAGCAGTGACTAGCGTGGATGAGCTGACCTCAGCACCTACCAAAGATGATGCTGTGTC
TAGAAATGAAACCACACCAATTGAGGAGGCGGATGATGTGGAGGCTAAGAAGAAGAGCAAAGTGGTCGCCAAGGCAACCCTGGCTGCCATCAGTGACGTGCAAGATGCTCTGATCGTCAACAA
GGTTCCAGGTGAAGAACCCACAGTTATCAAGTCACCAGTGCTAACACTGACATCTTTAAGGCATGAGAAAGATACCCTGGCTAAGAAGTCCATCGGTATGACCAAGGAAAAGCCAGCTGGGTTC
ATTCTGCCAGATTCTACCAGCATCGGAAACATCTTGCCTGCAAATTACACAGATGCCATCGATACACAGATGGTCCAGTTTGCTACTAATCCATTCGCTTGGAATGAAGGAAGTGAAGAGGTCAC
ATCTGAAATAGTGGGGCTGCAACTGAAGACAGTGGATCGACAAGAGATTAAAGTTGCCAACTTGCCTGAGGACATTCAGATCTTTGTGCCAAAGCGCACCGTTACCATGGCTGACAACTCGGAG
GTTACTGTCAATCAGAGCACCATTGTGATAGTCTCCTTTCAAGTCACTAACACAAATGCTACAGTCAATGTGCTAGTCTTGCCATCAGTCGCCAGTAAGGAATTGGCATGCTGCCTATTATACCAA
AGGAATGATTCACTGGGAAACCTCAGCAAGTCGGACTGTTATGTTCATAAAACATTACCTGGAGAGAAGTCTAAGTATCAAATGCCGGCTGACGATCCAGATCAGAAACTAAAACGGAGATATAC
ATGGATGATTGAGCCTCAATCTTTACAGGGTGAAGGTACATACCACACATTGTGCTCAATGTCAGTTTCCAGCAAGGACAGAGTAGAAGCTACTGAAGTAGATACGTTAACATTGTTGGTTGGTG
TGTACAGCTCCCAGTGTCTGTTTTGGAATGATGGGCAAGAGAAGTGGGACGGCGCAGGCTGCAAGGTTGGGCCATTATCTTCCCTCGAGGTCACCCAGTGTCTCTGTAACCACCTGACATTCT
TTGGCTCTAGCTTTCTGGTCATGCCAAACAAGATTGACTTCTTAGCAGACTCCAGACTCTTCTTGACGTTCCTGGAAAATCCTGTTGTGGTGACTACGGTGGCCTTCATCTTAGTTCTCTATGTCG
GTGTTGCGATGTGGGCACGTCGACAGGATAAAGCAGACTCGTTGAAGGCCTGTGTCATCACGCTGGAGGACAACGACCCCTTTTCCAGATACCGCTACGATGTCACTGTGGTTACAGGCATGC
GTAGGGGGGCAGGCACCACAGCCACTGCCACCTTGACCCTTCATGGGACTCTGGGGCACAGCAGGCCACACGTCTTGTGCGACAAGCAGCGTAAGGTGTTACAGAGGGGCGGCGTGGACTC
CTTTCTCATTGTGACGAAGCAGAGCCTTGGAGAGGTAATGGAAGTCAGGATTTGGCATGACAATGAAGGAGACAGCCCAGAATGGTATGCAAGTCGGATTGCTGTGCATGATTTGGAGACTGAT
GAGTGGTGGTTTGTCCTCTGCAATTCCTGGCTAGCTGTGGACATGGGTAAGGGTCTTATAGACCAGACCTTCCCTGTGGCTTCTGAAAAGGAGTTGAAGAACTTCCAGCATCTTTTCTCCACAC
GGACAATCCGGGACCTGCAGGATGGTCATCTGTGGTTTTCCATCTTCAACCGACCGGCCCGTAGTACCTTCACCCGGCTTCAGCGTGTTTCCTGTTGTCTCTCTCTTCTCATGTGCATTATGCT
GACTAGTATCATGTTCTATGGAGTTCCTACAGACCCTTCCGAGCAGACCATGGACTTTGGTGCATTCAGGATTACCTTCACTGAGATACTTATTGGCATTGAGAGTTCCATCCTTGCCTTTCCCAT
CAACCTTCTGATTGTTAGCATCTTCAGACATGCTCGTCCCGTTGAGGAGAAATCCAAACTCTACAAGATTAATAATGACAGAAGGAGTGATTCACCGATCTTTATGCCCCCATCTTTGTCTTCCCA
TAAGAGAGGGCACAAGTCCTCCGAGTCTTTGACAGAAGAATATGGATTTAGAACCATTAGAGAGGATACATCATCTTCTGGGTTTGTGCTGTCAACAGAAGAGACATCATGGTTAACACCAACGG
ATACAATAGGCAGTTCTACAGAAAGAACAGGAAATGGGAAACCTGGAAGTTCTAGAAATGAAACTACCTCATCAGGATTCTCCCAGTCAACCCAGACAATGAACTTGACGTCATCGTCAGACATC
AATGCCAAGTTCAGCCACAACAGATTTCTGCGTTCATGCTTGGATCAGATCGTTGATGATCTAGACTTGTTGTCACCAGAATGTTTCCCTTCAGTGGAGCAGTATTTCCTTGCTCGGCAGGAGGC
TAGAAACCTCCTACTCACAGTCATGACTATTCGAACTCCGAGTTCCTCGTCAACTGAGGCCAGCGAAACTGACAGCCAATCGGAGCCTGGCTCCTGGAAGTGTTCATTTAGGTTCTTCCCTAAC
GGGCTTCCTCATTGGTTCATCTACATTGGCTGGTTGTTAGTGTTCTCCACTACTTTGACGTCATCCTACTTCACCATGCTTTATGGGCTCAAGTATGGCAAGAAGCGCTCCATCGATTGGCTAGT
GTCATTGGTAGTGTCTCTTTTCCAGAGCATATTCTTAATTCAGCCTTTGAAGGTTCTCCTTCTTGCCGCCTTTGTTGCTCTCGTTATGAAGAAGTGGGATGCAGATGATGATGGGAGTGATGACAT
TGAAGAAAGAGAAGTTGAGAATGCACAGGCCGTCTACAAGAAACTATTGCACAAATGGAAGGACACCCACTACCGACCGCCATCCCTGACTGCGATGGACACCAGTCGACGACGTAAAGACTT
AGAGAGGAAGATGTATGCCCTCTTGCGTGAGATTATTGGCTACTTTTTATTCATCTGGCTAGTCCTTGTCCTCGCGTACAGCCAACGGGACCGCAATTCTTACTATCTGACCAAGAACGTCAGGG
ATGTGTTCTTCAGCAATGATGAGTATGACTCGGTTGCAGATTTTGACAGTTTTTTCGAGTGGGCAGACGTTACTTTGCTCCCTGGCCTGTACGAAGGAGATGCAACAACTGACACCGTGTCATTT
CTTGTAGGTGGGGTTCGGATTCGTCAACTAAGGGTCCGTCCAGAGTTATGTGATATAAACAACTTTGTCAGGGACATCATCAACAGATGCACCCTCTCCTACTCTCAAGACACGAAGGACATTG
GTACCTACAATAAGTCATGGAGTGAACCATTTCTCAATTGCACATCTGTAGACAGTTACCCTGAGCAACAGGATATCTGGAGGTATCAGCATAATATTGCAACTGGTCTCGGGGGTCAAATGACG
TCTTATCCTGGAGGAGGTTACGTGGTCATCTTGGGTCGGAACCAGACAGAAGCTAGGCAAGTGTTGATGGACTTGATGGTTGCCGATTGGCTGGATGAACACACCAAGGCTCTGGTGGTAGAG
TGGACAGTATACAATGCTAACACCAACCTGTTCGTGGTTGTCACATTTCTGACCGAGATCACGCCTTCGGGAGGGTTTGTCAAGACCACTCACATCCAGGCAGTTCGGCTCTATCGGAACGTGG
CTAAGATCCAGCTCTTTGTTGTGTGCATTGAAATACTGTTTTCCATGTTCGTAGCCTTGTATGCTGTAGTTGAGGTACGGAAGATGTACAAAGAAGGTCGCAGCTACTGGCAGGATGGTTGGAAC
TGGCTTCAGATGGCCATAGTTCTAACCTGCATTGTGATTATAGCATTCTACATCTACCGCTTCATCTTCACTGAGAGGGTGTTAGAGATCCGTCGAAGGAGACCCGGGGAGTTTATTGACTTTAG
AGCTGCTGCCACCATTGCGGAAACCTTTCAGTGTCTCCTTGGTTTTCTGCTCATCCTGTGCACCGTTAAGTTCCTGCACCTGCTCAGGTTAAATCCTAGGATGTACCTGCTGACATCAGTGTTGA
GTTCCTCTGCTAATGAAGTTGTAGCCTTTGCTGCTTACATCCTTCTTGTCTTTTGTGCCTTTACTCTGCTTTTCCAGCTTATCTTTGGCAGGCACTTGATGACTTACAGCACCCTCGTCTTGGCCTT
TGAGTCCCTCTTTGTGCTGTTTCTAGGAGAATATGAACACGATGAAATGTTTGCTGTTAAAGGCATCATAGCTCCTATCTTGGTGGTCGTCTTTCAAGCCGTGGCGACATTCTTCTTTCTTAACCT
ACTCATCTCTGTCTTGAATAAAAACATGCGTTATGTCAGAAGACACCAGGAGCCCAGCGAAGATGGTAAAATTGGCCTTTTACTGATCGACAAGATGCTATCCTGGTTTGGAATAAAGCACAGAT
ACAATATT
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ATGGCCAAACGTCCAAGCAAACCCCGTGATGTGTGGATGGTGCTTATCCTGGCTATGTTGGTTGTTGAATTGAAAGTGACCATTCAGCAGGAATGTGTAGATGACGCACGTCCTATTGCATGCC
CCACGGCCAACGAGTACCTCTTCATCGCTGACATCATGGAGGTCTACCTGCATAATCGTGGCAGACACTACATGCCGAACTGTCAGGAGCGGACATGGGATATCAACGACCAATGCACATCTAT
GGGAGCTAAACAGTATATTCAGGAAACTTGCCCGGGAGGCAAACGATGCGATATGTACATCGACTATGACAGTGATTTGACAATCGTTAACAACATCTACAGGATCAACTATTTCTGCTGTTTAC
GACCTGTAAATCTGACAGTGCAGGCACCTTCCCATGTGCTTTTTGAGTCAAGTGGAACTCCGGTGAATATTACTGTTGGATTTTCTGCTGGTTTGAGTGAATACGTCTCACAAGATAACTGTTCTA
TCTCCTTTGGCGATGGCATTACAGCCAAATGTTCCTTGGAAGTCAACCAGCAAGTATTAAGCCTATTTCACATCTACCAAGTTGTAGGCTGCTATCAGATGGTCATTAATGTGACATCTCTGAGTG
CTATGGCACAACAAGAGATATGCATTGTCAGATCGTTATCGGATGCTGATGTCACGTTGGGTGTGGCTGTAGAAGGAAGACAAGATGTTGGAGTGTTTTCGGATCCGACAGACTTGATTTTCTTT
ACCGATCAGATCCTAGTGTTGAATGCATCGTTGCTAGGCAACACTGTTGCCGTAGAGTATTTGTGGGATCTTGGAGGCAATAAAACAATGACCGAGTCTCCAATAATTAGGTGGTCAGTCCACG
AAGCGGGATCATATACGGCGAGTGTCGTCGCATCAAATAAAATATCAAGCACGAGTGTAGTGACGAAGGTCGTGAATATGCTAAATCCAAACAATCTTCCCTGCAATCCATCAAGCGTCCGTATC
ACAGGCCGTAAAACCAACGCCTCTTCACCGCTGACTTTCCTTCGCCACACACCTCTGTTGTTCCGCGGACACACAAAACTCTCCTGTAATCTGACTGCCTTCTACGTCAATCTTCGTTGGACTAT
CTCCCTAGTAGATGCATCTGGAAATAATACTGCTGTGACACTCCCAGAGAGTTTAGTAACCCATCTGGAAGAAATCACTTTTCCAAAAAGGGCGCTAGAGTACGGGCTGTACATACTGCAGTTTG
AAGCCACGTTGGTAGCCCGTGGGGGATACGGTGACATAATTGGTAGAGGAAGTGACCATGTATGGATTAGGATTGATTCTAGCCCACCGACGGCAGTCATTCGGGGTGGGTCAGCTCGGTCA
GTCGGCTACAGCTCATCATTGGTATTGGATGGGTCTGGGTCATTTGATCCCGATAATTTGCTGGAGCCAACCAGAGGTCTACAGTATGAGTGGTTTTGCTCAAAAAGATCTGGACCAGATCATG
GACCACAAGTCATTCCCTGCTTTGATGGCAGTTACCGTCTACCCTCCACCAACCCTACCCTAGAGATGCCGGCCAACACTCTCATACCAGACGAGGTCTACAAGTTCCTACTGAATGTCAGTATA
GCTGGACGGGGGAGCTCTTCAGTATCTCAAAGTATCACTGTGGTAGCCCATGACCCCCCCATTCTTAGCATAAGTTGTCTGCAAAACTGCGATGAGAAGCTGAGTATTGGTGAACGGGTTGTAC
TCCATGCGACGTCAACGACCCCTTCAGTCAATTTTACCTGGGATGTACTCACACGAGATAACGTTCCTGATGAGGCGTTTAATTGGGATGAGCTGACAACAACAGGACGATACTCGTCCTATCTT
GTGATTGTTGGTGGGACTTTTGATGACGGAGACTACAGGGCACGATCAGTGAGGGTGACAGGCTCCCATCCAGAGAGTCCTCCAGGTTTTGCGGACTACACCTTTGAGTTGAATGCTCCTCCT
AGGATAGGCACCTGTAGCCTAGATCCAGAAAGTGGCTACGCTCTACAGACGGATTTCATCATTGACTGCGTGGATTTTTGGGACGAAGAAGGACATTTGATGTATACGGTTCATGTGCCGCCAG
TATTCAAAAGCAAGGAACAGGCTGCATTACAGTACCTAGATCCTGTGTTGTACAGTGGAGCAGCTTCTACAACCCCATCTGTCTTCCTTCCCCTGGGCGATGAGTCTAACAATTACCTTGTGACC
ATCGCTGTGGAGGTTGCTGATATACATGGTGCATCGGTGATCTTTACCATGACCGCAGTAGTGAGACCACCAGAAACCATCAGTCTAGGAGATGATGAAAGCACTAGTGAGGTCCTTCTGAACC
TGACCAGCGGCTCTGACTCGGAACTCCAGGAGCTGATCAACCAAGGAGACTTCCAGACAGCGGTGCAGATTATCGGTGCTGTGGGATCTATACTGGATAGTCATGATAAGGGGACTGGACAGA
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AATCAAACCACAATGAGACCCTGAAGAACAAGGAATTAAGACAAGAGATTCGTAGCTCAACAGTGAAGACCATAGCTGACATACCAGTTGAATCAGTGATTACGCTACAGCAGTCATCGTATGCT
CTGGTGGCTATCACGCAGGACAAAACTGAAGTCACCCAGGAAACACAATTGACAGCGGCTACAACTTTGGCCAAGATGGGTGCGTTTCTTAAGGAGCATTCTGTAGAGAGAACGGACTGTGAA
AGCTGTCAGACCTCCATTGATAATGCTGCCTTGAATCTAGTCTCTGGACTTTCTAATATCCTGGATGCAGCAGTGACTAGCGTGGATGAGCTGACCTCAGCACCTACCAAAGATGATGCTGTGTC
TAGAAATGAAACCACACCAATTGAGGAGGCGGATGATGTGGAGGCTAAGAAGAAGAGCAAAGTGGTCGCCAAGGCAACCCTGGCTGCCATCAGTGACGTGCAAGATGCTCTGATCGTCAACAA
GGTTCCAGGTGAAGAACCCACAGTTATCAAGTCACCAGTGCTAACACTGACATCTTTAAGGCATGAGAAAGATACCCTGGCTAAGAAGTCCATCGGTATGACCAAGGACAAGCCAGCTGGGTTC
ATTCTGCCAGATTCTACCAGCATCGGAAACATCTTGCCTGCAAATTACACAGATGCCATCGATACACAGATGGTCCAGTTTGCTACTAATCCATTCGCTTGGAATGAAGGAAGTGAAGAGGTCAC
ATCTGAAATAGTGGGGCTGCAACTGAAGACAGTGGATCGACAAGAGATTAAAGTTGCCAACTTGCCTGAGGACATTCAGATCTTTGTGCCAAAGCGCACCGTTACCATGGCTGACAACTCGGAG
GTTACTGTCAATCAGAGCACCATTGTGATAGTCTCCTTTCAAGTCACTAACACAAATGCTACAGTCAATGTGCTAGTCTTGCCATCAGTCGCCAGTAAGGAATTGGCATGCTGCCTATTATACCAA
AGGAATGATTCACTGGGAAACCTCAGCAAGTCGGACTGTTATGTTCATAAAACATTACCTGGAGAGAAGTCTAAGTATCAAATGCCGGCTGACGATCCAGATCAGAAACTAAAACGGAGATATAC
ATGGATGATTGAGCCTCAATCTTTACAGGGTGAAGGTACATACCACACATTGTGCTCAATGTCAGTTTCCAGCAAGGACAGAGTAGAAGCTACTGAAGTAGATACGTTAACATTGTTGGTTGGTG
TGTATAGCTCCCAGTGTCTGTTTTGGAATGATGGGCAAGAGAAGTGGGACGGCGCAGGCTGCAAGGTTGGGCCATTATCTTCCCTCGAGGTCACCCAGTGTCTCTGTAACCACCTGACATTCTT
TGGCTCTAGCTTTCTGGTCATGCCAAACAAGATTGACTTCTTAGCAGACTCCAGACTCTTCTTGACGTTCCTGGAAAATCCTGTTGTGGTGACTACGGTGGCCTTCATCTTAGTTCTCTATGTCG
GTGTTGCGATGTGGGCACGTCGACAGGATAAAGCAGACTCGTTGAAGGCCTGTGTCATCACGCTGGAGGACAACGACCCCTTTTCCAGATACCGCTACGATGTCACTGTGGTTACAGGCATGC
GTAGGGGGGCAGGCACCACAGCCACTGCCACCTTGACCCTTCATGGGACTCTGGGGCACAGCAGGCCACACGTCTTGTGCGACAAGCAGCGTAAGGTGTTACAGAGGGGCGGCGTGGACTC
CTTTCTCATTGTGACGAAGCAGAGCCTTGGAGAGGTAATGGAAGTCAGGATTTGGCATGACAATGAAGGAGACAGCCCAGAATGGTATGCAAGTCGGATTGCTGTGCATGATTTGGAGACTGAT
GAGTGGTGGTTTGTCCTCTGCAATTCCTGGCTAGCTGTGGACATGGGTAAGGGTCTTATAGACCAGACCTTCCCTGTGGCTTCTGAAAAGGAGTTGAAGAACTTCCAGCATCTTTTCTCCACAC
GGACAATCCGGGACCTGCAGGATGGTCATCTGTGGTTTTCCATCTTCAACCGACCGGCCCGTAGTACCTTCACCCGGCTTCAGCGTGTTTCCTGTTGTCTCTCTCTTCTCATGTGCATTATGCT
GACTAGTATCATGTTCTATGGAGTTCCTACAGACCCTTCCGAGCAGACCATGGACTTTGGTGCATTCAGGATTACCTTCACTGAGATACTTATTGGCATTGAGAGTTCCATCCTTGCCTTTCCCAT
CAACCTTCTGATTGTTAGCATCTTCAGACATGCTCGTCCCGTTGAGGAGAAATCCAAACCCTACAAGATTAATAATGACAGAAGGAGTGATTCACCGATCTTTATGCCCCCATCTTTGTCTTCCCA
TAAGAGAGGGCACAAGTCCTCCGAGTCTTTGACAGAAGAATATGGATTTAGAACCATTAGAGAGGATACATCATCTTCTGGGTTTGTGCTGTCAACAGAAGAGACATCATGGTTAACACCAACGG
ATACAATAGGCAGTTCTACAGAAAGAACAGGAAATGGGAAACCTGGAAGTTCTAGAAATGAAACTACCTCATCAGGATTCTCCCAGTCAACCCAGACAATGAACTTGACGTCATCGTCAGACATC
AATGCCAAGTTCAGCCACAACAGATTTCTGCGTTCATGCTTGGATCAGATCGTTGATGATCTAGACTTGTTGTCACCAGAATGTTTCCCTTCAGTGGAGCAGTATTTCCTTGCTCGGCAGGAGGC
TAGAAACCTCCTACTCACAGTCATGACTATTCGAACTCCGAGTTCCTCGTCAACTGAGGCCAGCGAAACTGACAGCCAATCGGAGCCTGGCTCCTGGAAGTGTTCATTTAAGTTCTTCCCTAAC
GGGCTTCCTCATTGGTTCATCTACATTGGCTGGTTGTTAGTGTTCTCCACTACTTTGACGTCATCCTACTTCACCATGCTTTATGGGCTCAAGTATGGCAAGAAGCGCTCCATCGATTGGCTAGT
GTCATTGGTAGTGTCTCTTTTCCAGAGCATATTCTTAATTCAGCCTTTGAAGGTTCTCCTTCTTGCCGCCTTTGTTGCTCTCGTTATGAAGAAGTGGGATGCAGATGATGATGGGAGTGATGACAT
TGAAGAAAGAGAAGTTGAGAATGCACAGGCCGTCTACAAGAAACTATTGCACAAATGGAAGGACACCCACTACCGACCGCCATCCCTGACTGCGATGGACACCAGTCGACGACGTAAAGACTT
AGAGAGGAAGATGTATGCCCTCTTGCGTGAGATTATTGGCTACTTTTTATTCATCTGGCTAGTCCTTGTCCTCGCGTACAGCCAACGGGACCGCAATTCTTACTATCTGACCAAGAACGTCAGGG
ATGTGTTCTTCAGCAATGATGAGTATGACTCGGTTGCAGATTTTGACAGTTTTTTCGAGTGGGCAGACGTTACTTTGCTCCCTGGCCTGTACGAAGGAGATGCAACAACTGACACCGTGTCATTT
CTTGTAGGCGGGGTTCGGATTCGTCAACTAAGGGTCCGTCCAGAGTTATGTGATATAAACAACTTTGTCAGGGACATCATCAACAGATGCACCCTCTCCTACTCTCAAGACACGAAGGACATTT
GTACCTACAATAAGTCATGGAGTGAACCATTTCTCAATTGCACATCTGTAGACAGTTACCCTGAGCAACAGGATATCTGGAGGTATCAGCATAATATTGCAACTGGTCTCGGGGGTCAAATGACG
TCTTATCCTGGAGGAGGTTACGTGGTCATCTTGGGTCGGAACCAGACAGAAGCTAGGCAAGTGTTGATGGACTTGATGGTTGCCGATTGGCTGGATGAACACACCAAGGCTCTGGTGGTAGAG
TGGACAGTCTACAATGCTAACACCAACCTGTTCGTGGTTGTCACATTTCTGACCGAGATCACGCCTTCGGGAGGGTTTGTCAAGACCACTCACATCCAGGCAGTTCGGCTCTATCGGAACGTGG
CTAAGATCCAGCTCTTTGTTGTGTGCATTGAAATACTGTTTTCCATGTTCGTAGCCTTGTATGCTGTAGTTGAGGTACGGAAGATGTACAAAGAAGGTCGCAGCTACTGGCAGGATGGTTGGAAC
TGGCTTCAGATGGCCATAGTTCTAACCTGCATTGTGATTATAGCATTCTACATCTACCGCTTCATCTTCACTGAGAGGGTGTTAGAGATCCGTCGAAGGAGACCCGGGGAGTTTATTGACTTTAG
AGCTGCTGCCACCATTGCGGAAACCTTTCAGTGTCTCCTTGGTTTTCTGCTCATCCTGTGCACCGTTAAGTTCCTGCACCTGCTCAGGTTAAATCCTAGGATGTACCTGCTGACATCAGTGTTGA
GTTCCTCTGCTAATGAAGTTGTAGCCTTTGCTGCTTACATCTTTCTTGTCTTTTGTGCCTTTACTCTGCTTTTCCAGCTTATCTTCGGCAGGCACTTGATGACTTACAGCACCCTCGTCTTGGCCTT
TGAGTCCCTCTTTGTGCTGTTTCTAGGAGAATATGAACACGATGAAATGTTTGCTGTTAAAGGCATCATAGCTCCTATCTTGGTGGTCGTCTTTCAAGCCGTGGCGACATTCTTCTTTCTTAACCT
ACTCATCTCTGTCTTGAATAAAAACATGCGTTATGTCAGAAGACACCAGGAGCCCAGCGAAGATGGTAAAATTGGCCTTTTACTGATCGACAAGATGCTATCCTGGTTTGGAATAAAGCACAGAT
ACAATATT

H) REJ3 Cryptasterina alignment of individuals
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ATGAGAAAGCCCGTGAGTTACAGGAATCATCCGTGGGTCATCTGCCTTACTTTGCTGATAATGCCGAGTATGTATTCAAACTTGATACAAATGACAGGAGCAACACAGGATCTGTATCAAGTCTC
TGCCCCATCTGAAGTCAGCTACTTAGATGCTGTCTTATTTGTCTTCCAAGCCGACTATACGAGGGACCCTCCTATCATGTGCTCTTGGGATTTTGATGATGGGCATCAGGTGTTCACCACGACGG
TAGAATTACAACGGGGGATATCACACCAGTACTCTCATCCTGGGCACTACACTGTGTTGACATCGTGTCTCACATCGTCCGGCTTCATTTACAAAAGCACCAAAGTGGCAGTTATTAATGACATT
GACTGGCTTGAGTGCGTCGTCACAGACGCTGATGCAGTTCAGCAAGAAATCTACCGGCAGGGCAGTAACATCGTGGTCCACTACAGGCATGAGTATACTGTTGGGCTAGTCTACAGCTTACTC
ATAGATGATACGATTGTGTACGAAGCTGCTGCAGTAGCTCCTAGAGATCAAAGTATTATGGTGGAGGAACATCTGATCATAACAAGCCAGCTGCAGGAACTGATTGCACTGGGAAGTCACAATG
TGACGCTGCGGGTCAGCAATGACCGTGTTGACCTGCGATGCTGGAGCGCCTTCACGTTGATGAGCCCAGTTTCGGGAGTCAGTGTAGCAACCAGTCATTCATTTGTAGTCCCTGGGGAGGAG
GTGGCACTGACGGTGATGGCCGAAACAGGATTTGCTGCGACGATCGAATGGAGCATCAAGAACGGCCAGTCCGTTGTCTGGCAGATGCTGGCGCAGAGGCGTGGGAGACTACCTCATGACGT
TGATCGGATTACAACATCTTTGTCAGACATTGGCGAGTTCCAAGTCTGTGCCAAGGTCTACAATAACTTCAGTTCTGAGGATGCCTGCACCAACATTACTACTCAGTATCCTGTTACATCTGTAAG
ACTAACATCAGATGCACCCATTAACTTTGCAGCTGAGCACAGGGTTGAATTCTCTGTAGAGTTTTTGGATAGACCGATTCCTACAAGTATGAGGTACTACATGGACTTTGGCGATGGCATGAGTG
ATAATTCTACAGTTGTAGGGATCACACCCACAAGTCCGGTCCTCACCGTTCCCTACACCTTCACCGCACCAGGCATCTACTCTGCCAGTCTTCATGTCTACAATGACCTGAGCTCCATTCATGAA
GACATCAGCGTAGCAGTACTGCAGCCAATTACCCACCTGACTATGCGCCTGTCTCATCACAGTGGAATCTACTTTCCAAGTCGTGAGACAGATTGGTTTTGGCAGGAACCACCTTTCACCCATC
CGCTGGTGACTGAAAATATATACTTAATTGAGCTACAAGGAACTGGCACTGTACAGCACGTCACTTGGACAATTACCGGAGAAAGTTACGAGAACCATATCAACACCACCGGGAGATCCTTGGT
TTTCAAGTTTCCCTCTGATGGCACTTTCAGAGTACAAGCCAAGGCTGGAAATGCCTACTCAACCTTCACAACAGCCGAAGCATCCGTGATGGTCCTTGATGCTATTGTGAATCTGTATCTGATCA
GCAACAGTCCCGGAACCAAGGAAGAACCAATAACATTTCTGGTTCTTGTGGAGGAGCTTGGCTCAAACTCGTCATTCAGCATCAACTTTGGGGATGGTTATTCAGATCCGGTACCTGAACCCCA
GCGCGACATCGACATGATGCAATTTGTGCCAAAGAACCTCGCTCTGCCGACAGATCCGGCAAAGTCCTACGTCACAATTATGAACCACAGTTACGCCGAAGTCGGAGTCTATGCCCCCAGGGT
TACCGGCTTGAACCCAGCCATGGAATGGATTGCCATCACCTATGTGTTTGTGCAAGATGCTGCCCATATCTGCAGGATACCAGTCATTCACATTACGGATGGTGGCAGTAGCTACTATCTGGCA
AAGAAGTACAGCCGAAGTAAAGCATTTGTCTTCGGGGCATCGGTTCAGATAACCTGTCCACAGGCTAAGAAGGCCCACTATCAATGGCGGGTCTATAAAGTTGGCAGTTTATTCACAGTCCCTA
GTCCATCAAATGAGGTTAACCTTCCGTCAAATGTCATCACACGAACTGCCGATATGTACATTCCTGGGTTCACCCTAGGTTATGGCATGTACATCTTCCAACTCACAGTCACCTTGGTGATGAAG
GATGCAGGTGCGGCCAATGTGGAGAACGTTGCTCATAGTTACATTGAGGTAACCCCTGCTGACCTTGTTGCTAGGATCACAGGAGGTTCAGCATTGGTAGTTGGCTGGTATTCCAATATTACAC
TGGATGCCTCAGACTCCTACGATCCTGACCAAGCGCCTGGTATGGCAATGCTGGGACTGAGCTACACGTGGTACTGTCGCCGATCCAATGAGTCCTTTCCTGAGAATATGACAGTGTTGGCTC
ACAACCACCTGCCATCTACAGGTGGCTGTTTTGGGCAAGGATTTCTTCTGTCAGAGACCAATAATCACTCGGTGATTATTCCAGCTCAGATGCTGGAAGGCAGCCAGGAATATGTTATCCTTCTG
AAATTGGCAAAGACCGGTCGTAGGAATGCGTATGCTGAACAGACGGTTACCATTCTGCCTGGAAATCCAAACACCATTTACATAAGGTGCCTGACGAACTGTGGAGCCCAGCTCAACCCATCGG
CCCGATTGGTCCTGGCTGGACGGTGCCCTGACTGCACAGCTTCCACACGGCCTTACTTTGAATGGACAGTGAGATCAAGTAACCAGACCACAGCAACGCAGACCTTAGACTGGGCCAGGGAC
ACCACAACTGGACAACGTAGCTCTTACCTTGCCATCAAAGCGGGGACTTTTGCCGGATCTGGTGACGAGATATACACTGTGCACCTACAAATGCAGAGCAGGAGTGGATCTAGCAGCTTTGCA
GAGTACAAGTTCACAACAAATTCCCCACCGACGGCAGGCAACTGCTCCATCACACCAACAGAAGGGGTCGTCCTGACGACACGCTTCTCTATCATCTGTGAGCACTTTGAGGACATCCACACCC
CTTTGACTTACGAGGTGCACGCCGTAACGGAAGCCAAGAGTTCTGTAGTGGATGGTGCACTTGATGCGTCAGTGGAAGGTATTCTCTTGTTCTACGGAGTGGACCCCAATATTCCACCAACCTT
CCTCCCTCTCGGCAAACCCAGTCTAGATTACAAGCTGGACATCAAGATTAAAGTGACTGATTCCCTAGGGGCAAACGTCTACACTTGGATATCTGCAAAGGTTCATGAGCATGAAAGCAGCGAC
GTAGAGGCACTCGCTCTACAACTGACCTCAGACCAAGACTCCCAACTGAACCAGCTGCTGGGAGAAGGTAACATCCAGACAGCTACGCAGGTCATCACTGGTGTCGGCTCCATGCTGAATCAA
GAGTCAGAGAGGGACAGTCAGCATGAGGATAAAGGGGAATATAATGAGACCATCAGGCAGCAACACCGAGCAGAACTGGAACAGAAGAAACAGAAAAGAGTGCAGGCTAGGGAGTCACTTCT
TGCACTGCTAAGTAAAATGGAAGTCAACAGCTTGGAATCCATACAAGTCACTTCATCTGCCATCTCCCAAGTTACCAGTAAGATAGATGAAATATCTCCCCTAGCACAGGTATCTACTGCTTCTGC
CTTTGTGAGCATGGGTTCCAGGCTGAAGAAGCAGGCTGTTTTCGGAGTGGGCGGAGAGGCGGTAGAAGGGGCAGCAAGTTTCATGGTATCGGGATTGTCCAACATCATGACGTCTGCTACCTT
CAGACAAACTGACAATGCCTCAGACGTTCAGCTGCCATTAGATAATGGGAGGGCAGAACAGATGCGTAATGTTACTCTGGCCTCCTTGCATGCCCTGGATGATGTCCAGGCAGCCGTCCTTCTC
AACAAGGTGCCAGGGGAGCAGCCCACCGTCCTACAGACCGACTCACTCTCTGTCATCCTGCAGAGGCAGGAGAAGGGTAATCTTGACGGACTGGTGCTGCAGACGGAGAACTCAGATGTGGT
CTTCAGACTGCCGGCTGGGATAAGCACAGCTATCGACCAGCATCATTCAGCCTCATATGACGAAGTCATTGACACACAGATTCACCACTTCCAACAAAACCCCTTTTCGTGGACTGAAAGCAGC
AGCATGGTGACAAGTCATGTGACAAGCCTGAGGCTGGGGCACGGCAGCGACCAATCAAATATTGCCGTGCACAGTCTTCCACAAGACGTGGAGATAATAGTGACCAATGGCGGCAGTGCAAAT
CCAGTCCTCCTCCAACCGCTGGCCTATAAGCAGAGCAATCACACAATCTATGCATTCAATCTGACCAATTGGGATGCTGCCGTCACTGTGAAAGTTCAACTGAACCAATCATCGGAGCTGACGA
AAATACCCCCACTGAGTTTATGCCTTCAGCTTGAATTGGCAACGAACAATACCAACCCCCCATGCAAAGCATCAGTGACTATGCCAAGGAATGCACCAGATGGGCATTTCTCATTGAATAACACA
AATATGACCTTTGATCCGTATCTTTGGGTTATTCCAAGTGAGGACCTTCCAGAAGCAGGGGGATATTTCTTGAGGATGGATGCAGGGGATGCCATTGATATTGCAGAGCAAATTCTGGTGTATGG
TTTCAGCATCCAATGTCTGTTCTGGGATAAAGTGAGGGAAGAGTGGCTCGGTGATGGCTGCCAGGT

>REJ3|Cryptasterina_hystera_1_allele2|TRINITY_DN17149_c3_g6_i4
ATGAGAAAGCCCGTGAGTTACAGGAATCATCCGTGGGTCATCTGCCTTACTTTGCTGATAATGCCGAGTATGTATTCAAACTTGATACAAATGACAGGAGCAACACAGGATCTGTATCAAGTCTC
TGCCCCATCTGAAGTCAGCTACTTAGATGCTGTCTTATTTGTCTTCCAAGCCGACTATACGAGGGACCCTCCTATCATGTGCTCTTGGGATTTTGATGATGGGCATCAGGTGTTCACCACGACGG
TAGAATTACAACGGGGGATATCACACCAGTACTCTCATCCTGGGCACTACACTGTGTTGACATCGTGTCTCACATCGTCCGGCTTCATTTACAAAAGCACCAAAGTGGCAGTTATTAATGACATT
GACTGGCTTGAGTGCGTCGTCACAGACGCTGATGCAGTTCAGCAAGAAATCTACCGGCAGGGCAGTAACATCGTGGTCCACTACAGGCATGAGTATACTGTTGGGCTAGTCTACAGCTTACTC
ATAGATGATACGATTGTGTACGAAGCTGCTGCAGTAGCTCCTAGAGATCAAAGTATTATGGTGGAGGAACATCTGATCATAACAAGCCAGCTGCAGGAACTGATTGCACTGGGAAGTCACAATG
TGACGCTGCGGGTCAGCAATGACCGTGTTGACCTGCGATGCTGGAGCGCCTTCACGTTGATGAGCCCAGTTTCGGGAGTCAGTGTAGCAACCAGTCATTCATTTGTAGTCCCTGGGGAGGAG
GTGGCACTGACGGTGATGGCCGAAACAGGATTTGCTGCGACGATCGAATGGAGCATCAAGAACGGCCAGTCCGTTGTCTGGCAGATGCTGGCGCAGAGGCGTGGGAGACTACCTCATGACGT
TGATCGGATTACAACATCTTTGTCAGACATTGGCGAGTTCCAAGTCTGTGCCAAGGTCTACAATAACTTCAGTTCTGAGGATGCCTGCACCAACATTACTACTCAGTATCCTGTTACATCTGTAAG
ACTAACATCAGATGCACCCATTAACTTTGCAGCTGAGCACAGGGTTGAATTCTCTGTAGAGTTTTTGGATAGACCGATTCCTACAAGTATGAGGTACTACATGGACTTTGGCGATGGCATGAGTG
ATAATTCTACAGTTGTAGGGATCACACCCACAAGTCCGGTCCTCACCGTTCCCTACACCTTCACCGCACCAGGCATCTACTCTGCCAGTCTTCATGTCTACAATGACCTGAGCTCCATTCATGAA
GACATCAGCGTAGCAGTACTGCAGCCAATTACCCACCTGACTATGCGCCTGTCTCATCACAGTGGAATCTACTTTCCAAGTCGTGAGACAGATTGGTTTTGGCAGGAACCACCTTTCACCCATC
CGCTGGTGACTGAAAATATATACTTAATTGAGCTACAAGGAACTGGCACTGTACAGCACGTCACTTGGACAATTACCGGAGAAAGTTACGAGAACCATATCAACACCACCGGGAGATCCTTGGT
TTTCAAGTTTCCCTCTGATGGCACTTTCAGAGTACAAGCCAAGGCTGGAAATGCCTACTCAACCTTCACAACAGCCGAAGCATCCGTGATGGTCCTTGATGCTATTGTGAATCTGTATCTGATCA
GCAACAGTCCCGGAACCAAGGAAGAACCAATAACATTTCTGGTTCTTGTGGAGGAGCTTGGCTCAAACTCGTCATTCAGCATCAACTTTGGGGATGGTTATTCAGATCCGGTACCTGAACCCCA
GCGCGACATCGACATGATGCAATTTGTGCCAAAGAACCTCGCTCTGCCGACAGATCCGGCAAAGTCCTACGTCACAATTATGAACCACAGTTACGCCGAAGTCGGAGTCTATGCCCCCAGGGT
TACCGGCTTGAACCCAGCCATGGAATGGATTGCCATCACCTATGTGTTTGTGCAAGATGCTGCCCATATCTGCAGGATACCAGTCATTCACATTACGGATGGTGGCAGTAGCTACTATCTGGCA
AAGAAGTACAGCCGAAGTAAAGCATTTGTCTTCGGGGCATCGGTTCAGATAACCTGTCCACAGGCTAAGAAGGCCCACTATCAATGGCGGGTCTATAAAGTTGGCAGTTTATTCACAGTCCCTA
GTCCATCAAATGAGGTTAACCTTCCGTCAAATGTCATCACACGAACTGCCGATATGTACATTCCTGGGTTCACCCTAGGTTATGGCATGTACATCTTCCAACTCACAGTCACCTTGGTGATGAAG
GATGCAGGTGCGGCCAATGTGGAGAACGTTGCTCATAGTTACATTGAGGTAACCCCTGCTGACCTTGTTGCTAGGATCACAGGAGGTTCAGCATTGGTAGTTGGCTGGTATTCCAATATTACAC
TGGATGCCTCAGACTCCTACGATCCTGACCAAGCGCCTGGTATGGCAATGCTGGGACTGAGCTACACGTGGTACTGTCGCCGATCCAATGAGTCCTTTCCTGAGAATATGACAGTGTTGGCTC
ACAACCACCTGCCATCTACAGGTGGCTGTTTTGGGCAAGGATTTCTTCTGTCAGAGACCAATAATCACTCGGTGATTATTCCAGCTCAGATGCTGGAAGGCAGCCAGGAATATGTTATCCTTCTG
AAATTGGCAAAGACCGGTCGTAGGAATGCGTATGCTGAACAGACGGTTACCATTCTGCCTGGAAATCCAAACACCATTTACATAAGGTGCCTGACGAACTGTGGAGCCCAGCTCAACCCATCGG
CCCGATTGGTCCTGGCTGGACGGTGCCCTGACTGCACAGCTTCCACACGGCCTTACTTTGAATGGACAGTGAGATCAAGTAACCAGACCACAGCAACGCAGACCTTAGACTGGGCCAGGGAC
ACCACAACTGGACAACGTAGCTCTTACCTTGCCATCAAAGCGGGGACTTTTGCCGGATCTGGTGACGAGATATACACTGTGCACCTACAAATGCAGAGCAGGAGTGGATCTAGCAGCTTTGCA
GAGTACAAGTTCACAACAAATTCCCCACCGACGGCAGGCAACTGCTCCATCACACCAACAGAAGGGGTCGTCCTGACGACACGCTTCTCTATCATCTGTGAGCACTTTGAGGACATCCACACCC
CTTTGACTTACGAGGTGCACGCCGTAACGGAAGCCAAGAGTTCTGTAGTGGATGGTGCACTTGATGCGTCAGTGGAAGGTATTCTCTTGTTCTACGGAGTGGACCCCAATATTCCACCAACCTT
CCTCCCTCTCGGCAAACCCAGTCTAGATTACAAGCTGGACATCAAGATTAAAGTGACTGATTCCCTAGGGGCAAACGTCTACACTTGGATATCTGCAAAGGTTCATGAGCATGAAAGCAGCGAC
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GTAGAGGCACTCGCTCTACAACTGACCTCAGACCAAGACTCCCAACTGAACCAGCTGCTGGGAGAAGGTAACATCCAGACAGCTACGCAGGTCATCACTGGTGTCGGCTCCATGCTGAATCAA
GAGTCAGAGAGGGACAGTCAGCATGAGGATAAAGGGGAATATAATGAGACCATCAGGCAGCAACACCGAGCAGAACTGGAACAGAAGAAACAGAAAAGAGTGCAGGCTAGGGAGTCACTTCT
TGCACTGCTAAGTAAAATGGAAGTCAACAGCTTGGAATCCATACAAGTCACTTCATCTGCCATCTCCCAAGTTACCAGTAAGATAGATGAAATATCTCCCCTAGCACAGGTATCTACTGCTTCTGC
CTTTGTGAGCATGGGTTCCAGGCTGAAGAAGCAGGCTGTTTTCGGAGTGGGCGGAGAGGCGGTAGAAGGGGCAGCAAGTTTCATGGTATCGGGATTGTCCAACATCATGACGTCTGCTACCTT
CAGACAAACTGACAATGCCTCAGACGTTCAGCTGCCATTAGATAATGGGAGGGCAGAACAGATGCGTAATGTTACTCTGGCCTCCTTGCATGCCCTGGATGATGTCCAGGCAGCCGTCCTTCTC
AACAAGGTGCCAGGGGAGCAGCCCACCGTCCTACAGACCGACTCACTCTCTGTCATCCTGCAGAGGCAGGAGAAGGGTAATCTTGACGGACTGGTGCTGCAGACGGAGAACTCAGATGTGGT
CTTCAGACTGCCGGCTGGGATAAGCACAGCTATCGACCAGCATCATTCAGCCTCATATGACGAAGTCATTGACACACAGATTCACCACTTCCAACAAAACCCCTTTTCGTGGACTGAAAGCAGC
AGCATGGTGACAAGTCATGTGACAAGCCTGAGGCTGGGGCACGGCAGCGACCAATCAAATATTGCCGTGCACAGTCTTCCACAAGACGTGGAGATAATAGTGACCAATGGCGGCAGTGCAAAT
CCAGTCCTCCTCCAACCGCTGGCCTATAAGCAGAGCAATCACACAATCTATGCATTCAATCTGACCAATTGGGATGCTGCCGTCACTGTGAAAGTTCAACTGAACCAATCATCGGAGCTGACGA
AAATACCCCCACTGAGTTTATGCCTTCAGCTTGAATTGGCAACGAACAATACCAACCCCCCATGCAAAGCATCAGTGACTATGCCAAGGAATGCACCAGATGGGCATTTCTCATTGAATAACACA
AATATGACCTTTGATCCGTATCTTTGGGTTATTCCAAGTGAGGACCTTCCAGAAGCAGGGGGATATTTCTTGAGGATGGATGCAGGGGATGCCATTGATATTGCAGAGCAAATTCTGGTGTATGG
TTTCAGCATCCAATGTCTGTTCTGGGATAAAGTGAGGGAAGAGTGGCTCGGTGATGGCTGCCAGGT

>REJ3|Cryptasterina_hystera_2_allele1l|TRINITY_DN16529_c4_gl_il
ATGAGAAAGCCCGTGAGTTACAGGAATCATCCGTGGGTCATCTGCCTTACTTTGCTGATAATGCCGAGTATGTATTCAAACTTGATACAAATGACAGGAGCAACACAGGATCTGTATCAAGTCTC
TGCCCCATCTGAAGTCAGCTACTTAGATGCTGTCTTATTTGTCTTCCAAGCCGACTATACGAGGGACCCTCCTATCATGTGCTCTTGGGATTTTGATGATGGGCATCAGGTGTTCACCACGACGG
TAGAATTACAACGGGGGATATCACACCAGTACTCTCATCCTGGGCACTACACTGTGTTGACATCGTGTCTCACATCGTCCGGCTTCATTTACAAAAGCACCAAAGTGGCAGTTATTAATGACATT
GACTGGCTTGAGTGCGTCGTCACAGACGCTGATGCAGTTCAGCAAGAAATCTACCGGCAGGGCAGTAACATCGTGGTCCACTACAGGCATGAGTATACTGTTGGGCTAGTCTACAGCTTACTC
ATAGATGATACGATTGTGTACGAAGCTGCTGCAGTAGCTCCTAGAGATCAAAGTATTATGGTGGAGGAACATCTGATCATAACAAGCCAGCTGCAGGAACTGATTGCACTGGGAAGTCACAATG
TGACGCTGCGGGTCAGCAATGACCGTGTTGACCTGCGATGCTGGAGCGCCTTCACGTTGATGAGCCCAGTTTCGGGAGTCAGTGTAGCAACCAGTCATTCATTTGTAGTCCCTGGGGAGGAG
GTGGCACTGACGGTGATGGCCGAAACAGGATTTGCTGCGACGATCGAATGGAGCATCAAGAACGGCCAGTCCGTTGTCTGGCAGATGCTGGCGCAGAGGCGTGGGAGACTACCTCATGACGT
TGATCGGATTACAACATCTTTGTCAGACATTGGCGAGTTCCAAGTCTGTGCCAAGGTCTACAATAACTTCAGTTCTGAGGATGCCTGCACCAACATTACTACTCAGTATCCTGTTACATCTGTAAG
ACTAACATCAGATGCACCCATTAACTTTGCAGCTGAGCACAGGGTTGAATTCTCTGTAGAGTTTTTGGATAGACCGATTCCTACAAGTATGAGGTACTACATGGACTTTGGCGATGGCATGAGTG
ATAATTCTACAGTTGTAGGGATCACACCCACAAGTCCGGTCCTCACCGTTCCCTACACCTTCACCGCACCAGGCATCTACTCTGCCAGTCTTCATGTCTACAATGACCTGAGCTCCATTCATGAA
GACATCAGCGTAGCAGTACTGCAGCCAATTACCCACCTGACTATGCGCCTGTCTCATCACAGTGGAATCTACTTTCCAAGTCGTGAGACAGATTGGTTTTGGCAGGAACCACCTTTCACCCATC
CGCTGGTGACTGAAAATATATACTTAATTGAGCTACAAGGAACTGGCACTGTACAGCACGTCACTTGGACAATTACCGGAGAAAGTTACGAGAACCATATCAACACCACCGGGAGATCCTTGGT
TTTCAAGTTTCCCTCTGATGGCACTTTCAGAGTACAAGCCAAGGCTGGAAATGCCTACTCAACCTTCACAACAGCCGAAGCATCCGTGATGGTCCTTGATGCTATTGTGAATCTGTATCTGATCA
GCAACAGTCCCGGAACCAAGGAAGAACCAATAACATTTCTGGTTCTTGTGGAGGAGCTTGGCTCAAACTCGTCATTCAGCATCAACTTTGGGGATGGTTATTCAGATCCGGTACCTGAACCCCA
GCGCGACATCGACATGATGCAATTTGTGCCAAAGAACCTCGCTCTGCCGACAGATCCGGCAAAGTCCTACGTCACAATTATGAACCACAGTTACGCCGAAGTCGGAGTCTATGCCCCCAGGGT
TACCGGCTTGAACCCAGCCATGGAATGGATTGCCATCACCTATGTGTTTGTGCAAGATGCTGCCCATATCTGCAGGATACCAGTCATTCACATTACGGATGGTGGCAGTAGCTACTATCTGGCA
AAGAAGTACAGCCGAAGTAAAGCATTTGTCTTCGGGGCATCGGTTCAGATAACCTGTCCACAGGCTAAGAAGGCCCACTATCAATGGCGGGTCTATAAAGTTGGCAGTTTATTCACAGTCCCTA
GTCCATCAAATGAGGTTAACCTTCCGTCAAATGTCATCACACGAACTGCCGATATGTACATTCCTGGGTTCACCCTAGGTTATGGCATGTACATCTTCCAACTCACAGTCACCTTGGTGATGAAG
GATGCAGGTGCGGCCAATGTGGAGAACGTTGCTCATAGTTACATTGAGGTAACCCCTGCTGACCTTGTTGCTAGGATCACAGGAGGTTCAGCATTGGTAGTTGGCTGGTATTCCAATATTACAC
TGGATGCCTCAGACTCCTACGATCCTGACCAAGCGCCTGGTATGGCAATGCTGGGACTGAGCTACACGTGGTACTGTCGCCGATCCAATGAGTCCTTTCCTGAGAATATGACAGTGTTGGCTC
ACAACCACCTGCCATCTACAGGTGGCTGTTTTGGGCAAGGATTTCTTCTGTCAGAGACCAATAATCACTCGGTGATTATTCCAGCTCAGATGCTGGAAGGCAGCCAGGAATATGTTATCCTTCTG
AAATTGGCAAAGACCGGTCGTAGGAATGCGTATGCTGAACAGACGGTTACCATTCTGCCTGGAAATCCAAACACCATTTACATAAGGTGCCTGACGAACTGTGGAGCCCAGCTCAACCCATCGG
CCCGATTGGTCCTGGCTGGACGGTGCCCTGACTGCACAGCTTCCACACGGCCTTACTTTGAATGGACAGTGAGATCAAGTAACCAGACCACAGCAACGCAGACCTTAGACTGGGCCAGGGAC
ACCACAACTGGACAACGTAGCTCTTACCTTGCCATCAAAGCGGGGACTTTTGCCGGATCTGGTGACGAGATATACACTGTGCACCTACAAATGCAGAGCAGGAGTGGATCTAGCAGCTTTGCA
GAGTACAAGTTCACAACAAATTCCCCACCGACGGCAGGCAACTGCTCCATCACACCAACAGAAGGGGTCGTCCTGACGACACGCTTCTCTATCATCTGTGAGCACTTTGAGGACATCCACACCC
CTTTGACTTACGAGGTGCACGCCGTAACGGAAGCCAAGAGTTCTGTAGTGGATGGTGCACTTGATGCGTCAGTGGAAGGTATTCTCTTGTTCTACGGAGTGGACCCCAATATTCCACCAACCTT
CCTCCCTCTCGGCAAACCCAGTCTAGATTACAAGCTGGACATCAAGATTAAAGTGACTGATTCCCTAGGGGCAAACGTCTACACTTGGATATCTGCAAAGGTTCATGAGCATGAAAGCAGCGAC
GTAGAGGCACTCGCTCTACAACTGACCTCAGACCAAGACTCCCAACTGAACCAGCTGCTGGGAGAAGGTAACATCCAGACAGCTACGCAGGTCATCACTGGTGTCGGCTCCATGCTGAATCAA
GAGTCAGAGAGGGACAGTCAGCATGAGGATAAAGGGGAATATAATGAGACCATCAGGCAGCAACACCGAGCAGAACTGGAACAGAAGAAACAGAAAAGAGTGCAGGCTAGGGAGTCACTTCT
TGCACTGCTAAGTAAAATGGAAGTCAACAGCTTGGAATCCATACAAGTCACTTCATCTGCCATCTCCCAAGTTACCAGTAAGATAGATGAAATATCTCCCCTAGCACAGGTATCTACTGCTTCTGC
CTTTGTGAGCATGGGTTCCAGGCTGAAGAAGCAGGCTGTTTTCGGAGTGGGCGGAGAGGCGGTAGAAGGGGCAGCAAGTTTCATGGTATCGGGATTGTCCAACATCATGACGTCTGCTACCTT
CAGACAAACTGACAATGCCTCAGACGTTCAGCTGCCATTAGATAATGGGAGGGCAGAACAGATGCGTAATGTTACTCTGGCCTCCTTGCATGCCCTGGATGATGTCCAGGCAGCCGTCCTTCTC
AACAAGGTGCCAGGGGAGCAGCCCACCGTCCTACAGACCGACTCACTCTCTGTCATCCTGCAGAGGCAGGAGAAGGGTAATCTTGACGGACTGGTGCTGCAGACGGAGAACTCAGATGTGGT
CTTCAGACTGCCGGCTGGGATAAGCACAGCTATCGACCAGCATCATTCAGCCTCATATGACGAAGTCATTGACACACAGATTCACCACTTCCAACAAAACCCCTTTTCGTGGACTGAAAGCAGC
AGCATGGTGACAAGTCATGTGACAAGCCTGAGGCTGGGGCACGGCAGCGACCAATCAAATATTGCCGTGCACAGTCTTCCACAAGACGTGGAGATAATAGTGACCAATGGCGGCAGTGCAAAT
CCAGTCCTCCTCCAACCGCTGGCCTATAAGCAGAGCAATCACACAATCTATGCATTCAATCTGACCAATTGGGATGCTGCCGTCACTGTGAAAGTTCAACTGAACCAATCATCGGAGCTGACGA
AAATACCCCCACTGAGTTTATGCCTTCAGCTTGAATTGGCAACGAACAATACCAACCCCCCATGCAAAGCATCAGTGACTATGCCAAGGAATGCACCAGATGGGCATTTCTCATTGAATAACACA
AATATGACCTTTGATCCGTATCTTTGGGTTATTCCAAGTGAGGACCTTCCAGAAGCAGGGGGATATTTCTTGAGGATGGATGCAGGGGATGCCATTGATATTGCAGAGCAAATTCTGGTGTATGG
TTTCAGCATCCAATGTCTGTTCTGGGATAAAGTGAGGGAAGAGTGGCTCGGTGATGGCTGCCAGGT

>REJ3|Cryptasterina_hystera_2_allele2|TRINITY_DN16529_c4_g1_il
ATGAGAAAGCCCGTGAGTTACAGGAATCATCCGTGGGTCATCTGCCTTACTTTGCTGATAATGCCGAGTATGTATTCAAACTTGATACAAATGACAGGAGCAACACAGGATCTGTATCAAGTCTC
TGCCCCATCTGAAGTCAGCTACTTAGATGCTGTCTTATTTGTCTTCCAAGCCGACTATACGAGGGACCCTCCTATCATGTGCTCTTGGGATTTTGATGATGGGCATCAGGTGTTCACCACGACGG
TAGAATTACAACGGGGGATATCACACCAGTACTCTCATCCTGGGCACTACACTGTGTTGACATCGTGTCTCACATCGTCCGGCTTCATTTACAAAAGCACCAAAGTGGCAGTTATTAATGACATT
GACTGGCTTGAGTGCGTCGTCACAGACGCTGATGCAGTTCAGCAAGAAATCTACCGGCAGGGCAGTAACATCGTGGTCCACTACAGGCATGAGTATACTGTTGGGCTAGTCTACAGCTTACTC
ATAGATGATACGATTGTGTACGAAGCTGCTGCAGTAGCTCCTAGAGATCAAAGTATTATGGTGGAGGAACATCTGATCATAACAAGCCAGCTGCAGGAACTGATTGCACTGGGAAGTCACAATG
TGACGCTGCGGGTCAGCAATGACCGTGTTGACCTGCGATGCTGGAGCGCCTTCACGTTGATGAGCCCAGTTTCGGGAGTCAGTGTAGCAACCAGTCATTCATTTGTAGTCCCTGGGGAGGAG
GTGGCACTGACGGTGATGGCCGAAACAGGATTTGCTGCGACGATCGAATGGAGCATCAAGAACGGCCAGTCCGTTGTCTGGCAGATGCTGGCGCAGAGGCGTGGGAGACTACCTCATGACGT
TGATCGGATTACAACATCTTTGTCAGACATTGGCGAGTTCCAAGTCTGTGCCAAGGTCTACAATAACTTCAGTTCTGAGGATGCCTGCACCAACATTACTACTCAGTATCCTGTTACATCTGTAAG
ACTAACATCAGATGCACCCATTAACTTTGCAGCTGAGCACAGGGTTGAATTCTCTGTAGAGTTTTTGGATAGACCGATTCCTACAAGTATGAGGTACTACATGGACTTTGGCGATGGCATGAGTG
ATAATTCTACAGTTGTAGGGATCACACCCACAAGTCCGGTCCTCACCGTTCCCTACACCTTCACCGCACCAGGCATCTACTCTGCCAGTCTTCATGTCTACAATGACCTGAGCTCCATTCATGAA
GACATCAGCGTAGCAGTACTGCAGCCAATTACCCACCTGACTATGCGCCTGTCTCATCACAGTGGAATCTACTTTCCAAGTCGTGAGACAGATTGGTTTTGGCAGGAACCACCTTTCACCCATC
CGCTGGTGACTGAAAATATATACTTAATTGAGCTACAAGGAACTGGCACTGTACAGCACGTCACTTGGACAATTACCGGAGAAAGTTACGAGAACCATATCAACACCACCGGGAGATCCTTGGT
TTTCAAGTTTCCCTCTGATGGCACTTTCAGAGTACAAGCCAAGGCTGGAAATGCCTACTCAACCTTCACAACAGCCGAAGCATCCGTGATGGTCCTTGATGCTATTGTGAATCTGTATCTGATCA
GCAACAGTCCCGGAACCAAGGAAGAACCAATAACATTTCTGGTTCTTGTGGAGGAGCTTGGCTCAAACTCGTCATTCAGCATCAACTTTGGGGATGGTTATTCAGATCCGGTACCTGAACCCCA
GCGCGACATCGACATGATGCAATTTGTGCCAAAGAACCTCGCTCTGCCGACAGATCCGGCAAAGTCCTACGTCACAATTATGAACCACAGTTACGCCGAAGTCGGAGTCTATGCCCCCAGGGT
TACCGGCTTGAACCCAGCCATGGAATGGATTGCCATCACCTATGTGTTTGTGCAAGATGCTGCCCATATCTGCAGGATACCAGTCATTCACATTACGGATGGTGGCAGTAGCTACTATCTGGCA
AAGAAGTACAGCCGAAGTAAAGCATTTGTCTTCGGGGCATCGGTTCAGATAACCTGTCCACAGGCTAAGAAGGCCCACTATCAATGGCGGGTCTATAAAGTTGGCAGTTTATTCACAGTCCCTA
GTCCATCAAATGAGGTTAACCTTCCGTCAAATGTCATCACACGAACTGCCGATATGTACATTCCTGGGTTCACCCTAGGTTATGGCATGTACATCTTCCAACTCACAGTCACCTTGGTGATGAAG
GATGCAGGTGCGGCCAATGTGGAGAACGTTGCTCATAGTTACATTGAGGTAACCCCTGCTGACCTTGTTGCTAGGATCACAGGAGGTTCAGCATTGGTAGTTGGCTGGTATTCCAATATTACAC
TGGATGCCTCAGACTCCTACGATCCTGACCAAGCGCCTGGTATGGCAATGCTGGGACTGAGCTACACGTGGTACTGTCGCCGATCCAATGAGTCCTTTCCTGAGAATATGACAGTGTTGGCTC
ACAACCACCTGCCATCTACAGGTGGCTGTTTTGGGCAAGGATTTCTTCTGTCAGAGACCAATAATCACTCGGTGATTATTCCAGCTCAGATGCTGGAAGGCAGCCAGGAATATGTTATCCTTCTG
AAATTGGCAAAGACCGGTCGTAGGAATGCGTATGCTGAACAGACGGTTACCATTCTGCCTGGAAATCCAAACACCATTTACATAAGGTGCCTGACGAACTGTGGAGCCCAGCTCAACCCATCGG
CCCGATTGGTCCTGGCTGGACGGTGCCCTGACTGCACAGCTTCCACACGGCCTTACTTTGAATGGACAGTGAGATCAAGTAACCAGACCACAGCAACGCAGACCTTAGACTGGGCCAGGGAC
ACCACAACTGGACAACGTAGCTCTTACCTTGCCATCAAAGCGGGGACTTTTGCCGGATCTGGTGACGAGATATACACTGTGCACCTACAAATGCAGAGCAGGAGTGGATCTAGCAGCTTTGCA
GAGTACAAGTTCACAACAAATTCCCCACCGACGGCAGGCAACTGCTCCATCACACCAACAGAAGGGGTCGTCCTGACGACACGCTTCTCTATCATCTGTGAGCACTTTGAGGACATCCACACCC
CTTTGACTTACGAGGTGCACGCCGTAACGGAAGCCAAGAGTTCTGTAGTGGATGGTGCACTTGATGCGTCAGTGGAAGGTATTCTCTTGTTCTACGGAGTGGACCCCAATATTCCACCAACCTT
CCTCCCTCTCGGCAAACCCAGTCTAGATTACAAGCTGGACATCAAGATTAAAGTGACTGATTCCCTAGGGGCAAACGTCTACACTTGGATATCTGCAAAGGTTCATGAGCATGAAAGCAGCGAC
GTAGAGGCACTCGCTCTACAACTGACCTCAGACCAAGACTCCCAACTGAACCAGCTGCTGGGAGAAGGTAACATCCAGACAGCTACGCAGGTCATCACTGGTGTCGGCTCCATGCTGAATCAA
GAGTCAGAGAGGGACAGTCAGCATGAGGATAAAGGGGAATATAATGAGACCATCAGGCAGCAACACCGAGCAGAACTGGAACAGAAGAAACAGAAAAGAGTGCAGGCTAGGGAGTCACTTCT
TGCACTGCTAAGTAAAATGGAAGTCAACAGCTTGGAATCCATACAAGTCACTTCATCTGCCATCTCCCAAGTTACCAGTAAGATAGATGAAATATCTCCCCTAGCACAGGTATCTACTGCTTCTGC
CTTTGTGAGCATGGGTTCCAGGCTGAAGAAGCAGGCTGTTTTCGGAGTGGGCGGAGAGGCGGTAGAAGGGGCAGCAAGTTTCATGGTATCGGGATTGTCCAACATCATGACGTCTGCTACCTT
CAGACAAACTGACAATGCCTCAGACGTTCAGCTGCCATTAGATAATGGGAGGGCAGAACAGATGCGTAATGTTACTCTGGCCTCCTTGCATGCCCTGGATGATGTCCAGGCAGCCGTCCTTCTC
AACAAGGTGCCAGGGGAGCAGCCCACCGTCCTACAGACCGACTCACTCTCTGTCATCCTGCAGAGGCAGGAGAAGGGTAATCTTGACGGACTGGTGCTGCAGACGGAGAACTCAGATGTGGT
CTTCAGACTGCCGGCTGGGATAAGCACAGCTATCGACCAGCATCATTCAGCCTCATATGACGAAGTCATTGACACACAGATTCACCACTTCCAACAAAACCCCTTTTCGTGGACTGAAAGCAGC
AGCATGGTGACAAGTCATGTGACAAGCCTGAGGCTGGGGCACGGCAGCGACCAATCAAATATTGCCGTGCACAGTCTTCCACAAGACGTGGAGATAATAGTGACCAATGGCGGCAGTGCAAAT
CCAGTCCTCCTCCAACCGCTGGCCTATAAGCAGAGCAATCACACAATCTATGCATTCAATCTGACCAATTGGGATGCTGCCGTCACTGTGAAAGTTCAACTGAACCAATCATCGGAGCTGACGA
AAATACCCCCACTGAGTTTATGCCTTCAGCTTGAATTGGCAACGAACAATACCAACCCCCCATGCAAAGCATCAGTGACTATGCCAAGGAATGCACCAGATGGGCATTTCTCATTGAATAACACA
AATATGACCTTTGATCCGTATCTTTGGGTTATTCCAAGTGAGGACCTTCCAGAAGCAGGGGGATATTTCTTGAGGATGGATGCAGGGGATGCCATTGATATTGCAGAGCAAATTCTGGTGTATGG
TTTCAGCATCCAATGTCTGTTCTGGGATAAAGTGAGGGAAGAGTGGCTCGGTGATGGCTGCCAGGT

>REJ3|Cryptasterina_hystera_3_allele1[TRINITY_DN17856_c14_g1_i10
ATGAGAAAGCCCGTGAGTTACAGGAATCATCCGTGGGTCATCTGCCTTACTTTGCTGATAATGCCGAGTATGTATTCAAACTTGATACAAATGACAGGAGCAACACAGGATCTGTATCAAGTCTC
TGCCCCATCTGAAGTCAGCTACTTAGATGCTGTCTTATTTGTCTTCCAAGCCGACTATACGAGGGACCCTCCTATCATGTGCTCTTGGGATTTTGATGATGGGCATCAGGTGTTCACCACGACGG
TAGAATTACAACGGGGGATATCACACCAGTACTCTCATCCTGGGCACTACACTGTGTTGACATCGTGTCTCACATCGTCCGGCTTCATTTACAAAAGCACCAAAGTGGCAGTTATTAATGACATT
GACTGGCTTGAGTGCGTCGTCACAGACGCTGATGCAGTTCAGCAAGAAATCTACCGGCAGGGCAGTAACATCGTGGTCCACTACAGGCATGAGTATACTGTTGGGCTAGTCTACAGCTTACTC
ATAGATGATACGATTGTGTACGAAGCTGCTGCAGTAGCTCCTAGAGATCAAAGTATTATGGTGGAGGAACATCTGATCATAACAAGCCAGCTGCAGGAACTGATTGCACTGGGAAGTCACAATG
TGACGCTGCGGGTCAGCAATGACCGTGTTGACCTGCGATGCTGGAGCGCCTTCACGTTGATGAGCCCAGTTTCGGGAGTCAGTGTAGCAACCAGTCATTCATTTGTAGTCCCTGGGGAGGAG
GTGGCACTGACGGTGATGGCCGAAACAGGATTTGCTGCGACGATCGAATGGAGCATCAAGAACGGCCAGTCCGTTGTCTGGCAGATGCTGGCGCAGAGGCGTGGGAGACTACCTCATGACGT
TGATCGGATTACAACATCTTTGTCAGACATTGGCGAGTTCCAAGTCTGTGCCAAGGTCTACAATAACTTCAGTTCTGAGGATGCCTGCACCAACATTACTACTCAGTATCCTGTTACATCTGTAAG
ACTAACATCAGATGCACCCATTAACTTTGCAGCTGAGCACAGGGTTGAATTCTCTGTAGAGTTTTTGGATAGACCGATTCCTACAAGTATGAGGTACTACATGGACTTTGGCGATGGCATGAGTG
ATAATTCTACAGTTGTAGGGATCACACCCACAAGTCCGGTCCTCACCGTTCCCTACACCTTCACCGCACCAGGCATCTACTCTGCCAGTCTTCATGTCTACAATGACCTGAGCTCCATTCATGAA
GACATCAGCGTAGCAGTACTGCAGCCAATTACCCACCTGACTATGCGCCTGTCTCATCACAGTGGAATCTACTTTCCAAGTCGTGAGACAGATTGGTTTTGGCAGGAACCACCTTTCACCCATC
CGCTGGTGACTGAAAATATATACTTAATTGAGCTACAAGGAACTGGCACTGTACAGCACGTCACTTGGACAATTACCGGAGAAAGTTACGAGAACCATATCAACACCACCGGGAGATCCTTGGT
TTTCAAGTTTCCCTCTGATGGCACTTTCAGAGTACAAGCCAAGGCTGGAAATGCCTACTCAACCTTCACAACAGCCGAAGCATCCGTGATGGTCCTTGATGCTATTGTGAATCTGTATCTGATCA
GCAACAGTCCCGGAACCAAGGAAGAACCAATAACATTTCTGGTTCTTGTGGAGGAGCTTGGCTCAAACTCGTCATTCAGCATCAACTTTGGGGATGGTTATTCAGATCCGGTACCTGAACCCCA
GCGCGACATCGACATGATGCAATTTGTGCCAAAGAACCTCGCTCTGCCGACAGATCCGGCAAAGTCCTACGTCACAATTATGAACCACAGTTACGCCGAAGTCGGAGTCTATGCCCCCAGGGT
TACCGGCTTGAACCCAGCCATGGAATGGATTGCCATCACCTATGTGTTTGTGCAAGATGCTGCCCATATCTGCAGGATACCAGTCATTCACATTACGGATGGTGGCAGTAGCTACTATCTGGCA
AAGAAGTACAGCCGAAGTAAAGCATTTGTCTTCGGGGCATCGGTTCAGATAACCTGTCCACAGGCTAAGAAGGCCCACTATCAATGGCGGGTCTATAAAGTTGGCAGTTTATTCACAGTCCCTA
GTCCATCAAATGAGGTTAACCTTCCGTCAAATGTCATCACACGAACTGCCGATATGTACATTCCTGGGTTCACCCTAGGTTATGGCATGTACATCTTCCAACTCACAGTCACCTTGGTGATGAAG
GATGCAGGTGCGGCCAATGTGGAGAACGTTGCTCATAGTTACATTGAGGTAACCCCTGCTGACCTTGTTGCTAGGATCACAGGAGGTTCAGCATTGGTAGTTGGCTGGTATTCCAATATTACAC
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TGGATGCCTCAGACTCCTACGATCCTGACCAAGCGCCTGGTATGGCAATGCTGGGACTGAGCTACACGTGGTACTGTCGCCGATCCAATGAGTCCTTTCCTGAGAATATGACAGTGTTGGCTC
ACAACCACCTGCCATCTACAGGTGGCTGTTTTGGGCAAGGATTTCTTCTGTCAGAGACCAATAATCACTCGGTGATTATTCCAGCTCAGATGCTGGAAGGCAGCCAGGAATATGTTATCCTTCTG
AAATTGGCAAAGACCGGTCGTAGGAATGCGTATGCTGAACAGACGGTTACCATTCTGCCTGGAAATCCAAACACCATTTACATAAGGTGCCTGACGAACTGTGGAGCCCAGCTCAACCCATCGG
CCCGATTGGTCCTGGCTGGACGGTGCCCTGACTGCACAGCTTCCACACGGCCTTACTTTGAATGGACAGTGAGATCAAGTAACCAGACCACAGCAACGCAGACCTTAGACTGGGCCAGGGAC
ACCACAACTGGACAACGTAGCTCTTACCTTGCCATCAAAGCGGGGACTTTTGCCGGATCTGGTGACGAGATATACACTGTGCACCTACAAATGCAGAGCAGGAGTGGATCTAGCAGCTTTGCA
GAGTACAAGTTCACAACAAATTCCCCACCGACGGCAGGCAACTGCTCCATCACACCAACAGAAGGGGTCGTCCTGACGACACGCTTCTCTATCATCTGTGAGCACTTTGAGGACATCCACACCC
CTTTGACTTACGAGGTGCACGCCGTAACGGAAGCCAAGAGTTCTGTAGTGGATGGTGCACTTGATGCGTCAGTGGAAGGTATTCTCTTGTTCTACGGAGTGGACCCCAATATTCCACCAACCTT
CCTCCCTCTCGGCAAACCCAGTCTAGATTACAAGCTGGACATCAAGATTAAAGTGACTGATTCCCTAGGGGCAAACGTCTACACTTGGATATCTGCAAAGGTTCATGAGCATGAAAGCAGCGAC
GTAGAGGCACTCGCTCTACAACTGACCTCAGACCAAGACTCCCAACTGAACCAGCTGCTGGGAGAAGGTAACATCCAGACAGCTACGCAGGTCATCACTGGTGTCGGCTCCATGCTGAATCAA
GAGTCAGAGAGGGACAGTCAGCATGAGGATAAAGGGGAATATAATGAGACCATCAGGCAGCAACACCGAGCAGAACTGGAACAGAAGAAACAGAAAAGAGTGCAGGCTAGGGAGTCACTTCT
TGCACTGCTAAGTAAAATGGAAGTCAACAGCTTGGAATCCATACAAGTCACTTCATCTGCCATCTCCCAAGTTACCAGTAAGATAGATGAAATATCTCCCCTAGCACAGGTATCTACTGCTTCTGC
CTTTGTGAGCATGGGTTCCAGGCTGAAGAAGCAGGCTGTTTTCGGAGTGGGCGGAGAGGCGGTAGAAGGGGCAGCAAGTTTCATGGTATCGGGATTGTCCAACATCATGACGTCTGCTACCTT
CAGACAAACTGACAATGCCTCAGACGTTCAGCTGCCATTAGATAATGGGAGGGCAGAACAGATGCGTAATGTTACTCTGGCCTCCTTGCATGCCCTGGATGATGTCCAGGCAGCCGTCCTTCTC
AACAAGGTGCCAGGGGAGCAGCCCACCGTCCTACAGACCGACTCACTCTCTGTCATCCTGCAGAGGCAGGAGAAGGGTAATCTTGACGGACTGGTGCTGCAGACGGAGAACTCAGATGTGGT
CTTCAGACTGCCGGCTGGGATAAGCACAGCTATCGACCAGCATCATTCAGCCTCATATGACGAAGTCATTGACACACAGATTCACCACTTCCAACAAAACCCCTTTTCGTGGACTGAAAGCAGC
AGCATGGTGACAAGTCATGTGACAAGCCTGAGGCTGGGGCACGGCAGCGACCAATCAAATATTGCCGTGCACAGTCTTCCACAAGACGTGGAGATAATAGTGACCAATGGCGGCAGTGCAAAT
CCAGTCCTCCTCCAACCGCTGGCCTATAAGCAGAGCAATCACACAATCTATGCATTCAATCTGACCAATTGGGATGCTGCCGTCACTGTGAAAGTTCAACTGAACCAATCATCGGAGCTGACGA
AAATACCCCCACTGAGTTTATGCCTTCAGCTTGAATTGGCAACGAACAATACCAACCCCCCATGCAAAGCATCAGTGACTATGCCAAGGAATGCACCAGATGGGCATTTCTCATTGAATAACACA
AATATGACCTTTGATCCGTATCTTTGGGTTATTCCAAGTGAGGACCTTCCAGAAGCAGGGGGATATTTCTTGAGGATGGATGCAGGGGATGCCATTGATATTGCAGAGCAAATTCTGGTGTATGG
TTTCAGCATCCAATGTCTGTTCTGGGATAAAGTGAGGGAAGAGTGGCTCGGTGATGGCTGCCAGGT

>REJ3|Cryptasterina_hystera_3_allele2|TRINITY_DN17856_c14_g1_i10
ATGAGAAAGCCCGTGAGTTACAGGAATCATCCGTGGGTCATCTGCCTTACTTTGCTGATAATGCCGAGTATGTATTCAAACTTGATACAAATGACAGGAGCAACACAGGATCTGTATCAAGTCTC
TGCCCCATCTGAAGTCAGCTACTTAGATGCTGTCTTATTTGTCTTCCAAGCCGACTATACGAGGGACCCTCCTATCATGTGCTCTTGGGATTTTGATGATGGGCATCAGGTGTTCACCACGACGG
TAGAATTACAACGGGGGATATCACACCAGTACTCTCATCCTGGGCACTACACTGTGTTGACATCGTGTCTCACATCGTCCGGCTTCATTTACAAAAGCACCAAAGTGGCAGTTATTAATGACATT
GACTGGCTTGAGTGCGTCGTCACAGACGCTGATGCAGTTCAGCAAGAAATCTACCGGCAGGGCAGTAACATCGTGGTCCACTACAGGCATGAGTATACTGTTGGGCTAGTCTACAGCTTACTC
ATAGATGATACGATTGTGTACGAAGCTGCTGCAGTAGCTCCTAGAGATCAAAGTATTATGGTGGAGGAACATCTGATCATAACAAGCCAGCTGCAGGAACTGATTGCACTGGGAAGTCACAATG
TGACGCTGCGGGTCAGCAATGACCGTGTTGACCTGCGATGCTGGAGCGCCTTCACGTTGATGAGCCCAGTTTCGGGAGTCAGTGTAGCAACCAGTCATTCATTTGTAGTCCCTGGGGAGGAG
GTGGCACTGACGGTGATGGCCGAAACAGGATTTGCTGCGACGATCGAATGGAGCATCAAGAACGGCCAGTCCGTTGTCTGGCAGATGCTGGCGCAGAGGCGTGGGAGACTACCTCATGACGT
TGATCGGATTACAACATCTTTGTCAGACATTGGCGAGTTCCAAGTCTGTGCCAAGGTCTACAATAACTTCAGTTCTGAGGATGCCTGCACCAACATTACTACTCAGTATCCTGTTACATCTGTAAG
ACTAACATCAGATGCACCCATTAACTTTGCAGCTGAGCACAGGGTTGAATTCTCTGTAGAGTTTTTGGATAGACCGATTCCTACAAGTATGAGGTACTACATGGACTTTGGCGATGGCATGAGTG
ATAATTCTACAGTTGTAGGGATCACACCCACAAGTCCGGTCCTCACCGTTCCCTACACCTTCACCGCACCAGGCATCTACTCTGCCAGTCTTCATGTCTACAATGACCTGAGCTCCATTCATGAA
GACATCAGCGTAGCAGTACTGCAGCCAATTACCCACCTGACTATGCGCCTGTCTCATCACAGTGGAATCTACTTTCCAAGTCGTGAGACAGATTGGTTTTGGCAGGAACCACCTTTCACCCATC
CGCTGGTGACTGAAAATATATACTTAATTGAGCTACAAGGAACTGGCACTGTACAGCACGTCACTTGGACAATTACCGGAGAAAGTTACGAGAACCATATCAACACCACCGGGAGATCCTTGGT
TTTCAAGTTTCCCTCTGATGGCACTTTCAGAGTACAAGCCAAGGCTGGAAATGCCTACTCAACCTTCACAACAGCCGAAGCATCCGTGATGGTCCTTGATGCTATTGTGAATCTGTATCTGATCA
GCAACAGTCCCGGAACCAAGGAAGAACCAATAACATTTCTGGTTCTTGTGGAGGAGCTTGGCTCAAACTCGTCATTCAGCATCAACTTTGGGGATGGTTATTCAGATCCGGTACCTGAACCCCA
GCGCGACATCGACATGATGCAATTTGTGCCAAAGAACCTCGCTCTGCCGACAGATCCGGCAAAGTCCTACGTCACAATTATGAACCACAGTTACGCCGAAGTCGGAGTCTATGCCCCCAGGGT
TACCGGCTTGAACCCAGCCATGGAATGGATTGCCATCACCTATGTGTTTGTGCAAGATGCTGCCCATATCTGCAGGATACCAGTCATTCACATTACGGATGGTGGCAGTAGCTACTATCTGGCA
AAGAAGTACAGCCGAAGTAAAGCATTTGTCTTCGGGGCATCGGTTCAGATAACCTGTCCACAGGCTAAGAAGGCCCACTATCAATGGCGGGTCTATAAAGTTGGCAGTTTATTCACAGTCCCTA
GTCCATCAAATGAGGTTAACCTTCCGTCAAATGTCATCACACGAACTGCCGATATGTACATTCCTGGGTTCACCCTAGGTTATGGCATGTACATCTTCCAACTCACAGTCACCTTGGTGATGAAG
GATGCAGGTGCGGCCAATGTGGAGAACGTTGCTCATAGTTACATTGAGGTAACCCCTGCTGACCTTGTTGCTAGGATCACAGGAGGTTCAGCATTGGTAGTTGGCTGGTATTCCAATATTACAC
TGGATGCCTCAGACTCCTACGATCCTGACCAAGCGCCTGGTATGGCAATGCTGGGACTGAGCTACACGTGGTACTGTCGCCGATCCAATGAGTCCTTTCCTGAGAATATGACAGTGTTGGCTC
ACAACCACCTGCCATCTACAGGTGGCTGTTTTGGGCAAGGATTTCTTCTGTCAGAGACCAATAATCACTCGGTGATTATTCCAGCTCAGATGCTGGAAGGCAGCCAGGAATATGTTATCCTTCTG
AAATTGGCAAAGACCGGTCGTAGGAATGCGTATGCTGAACAGACGGTTACCATTCTGCCTGGAAATCCAAACACCATTTACATAAGGTGCCTGACGAACTGTGGAGCCCAGCTCAACCCATCGG
CCCGATTGGTCCTGGCTGGACGGTGCCCTGACTGCACAGCTTCCACACGGCCTTACTTTGAATGGACAGTGAGATCAAGTAACCAGACCACAGCAACGCAGACCTTAGACTGGGCCAGGGAC
ACCACAACTGGACAACGTAGCTCTTACCTTGCCATCAAAGCGGGGACTTTTGCCGGATCTGGTGACGAGATATACACTGTGCACCTACAAATGCAGAGCAGGAGTGGATCTAGCAGCTTTGCA
GAGTACAAGTTCACAACAAATTCCCCACCGACGGCAGGCAACTGCTCCATCACACCAACAGAAGGGGTCGTCCTGACGACACGCTTCTCTATCATCTGTGAGCACTTTGAGGACATCCACACCC
CTTTGACTTACGAGGTGCACGCCGTAACGGAAGCCAAGAGTTCTGTAGTGGATGGTGCACTTGATGCGTCAGTGGAAGGTATTCTCTTGTTCTACGGAGTGGACCCCAATATTCCACCAACCTT
CCTCCCTCTCGGCAAACCCAGTCTAGATTACAAGCTGGACATCAAGATTAAAGTGACTGATTCCCTAGGGGCAAACGTCTACACTTGGATATCTGCAAAGGTTCATGAGCATGAAAGCAGCGAC
GTAGAGGCACTCGCTCTACAACTGACCTCAGACCAAGACTCCCAACTGAACCAGCTGCTGGGAGAAGGTAACATCCAGACAGCTACGCAGGTCATCACTGGTGTCGGCTCCATGCTGAATCAA
GAGTCAGAGAGGGACAGTCAGCATGAGGATAAAGGGGAATATAATGAGACCATCAGGCAGCAACACCGAGCAGAACTGGAACAGAAGAAACAGAAAAGAGTGCAGGCTAGGGAGTCACTTCT
TGCACTGCTAAGTAAAATGGAAGTCAACAGCTTGGAATCCATACAAGTCACTTCATCTGCCATCTCCCAAGTTACCAGTAAGATAGATGAAATATCTCCCCTAGCACAGGTATCTACTGCTTCTGC
CTTTGTGAGCATGGGTTCCAGGCTGAAGAAGCAGGCTGTTTTCGGAGTGGGCGGAGAGGCGGTAGAAGGGGCAGCAAGTTTCATGGTATCGGGATTGTCCAACATCATGACGTCTGCTACCTT
CAGACAAACTGACAATGCCTCAGACGTTCAGCTGCCATTAGATAATGGGAGGGCAGAACAGATGCGTAATGTTACTCTGGCCTCCTTGCATGCCCTGGATGATGTCCAGGCAGCCGTCCTTCTC
AACAAGGTGCCAGGGGAGCAGCCCACCGTCCTACAGACCGACTCACTCTCTGTCATCCTGCAGAGGCAGGAGAAGGGTAATCTTGACGGACTGGTGCTGCAGACGGAGAACTCAGATGTGGT
CTTCAGACTGCCGGCTGGGATAAGCACAGCTATCGACCAGCATCATTCAGCCTCATATGACGAAGTCATTGACACACAGATTCACCACTTCCAACAAAACCCCTTTTCGTGGACTGAAAGCAGC
AGCATGGTGACAAGTCATGTGACAAGCCTGAGGCTGGGGCACGGCAGCGACCAATCAAATATTGCCGTGCACAGTCTTCCACAAGACGTGGAGATAATAGTGACCAATGGCGGCAGTGCAAAT
CCAGTCCTCCTCCAACCGCTGGCCTATAAGCAGAGCAATCACACAATCTATGCATTCAATCTGACCAATTGGGATGCTGCCGTCACTGTGAAAGTTCAACTGAACCAATCATCGGAGCTGACGA
AAATACCCCCACTGAGTTTATGCCTTCAGCTTGAATTGGCAACGAACAATACCAACCCCCCATGCAAAGCATCAGTGACTATGCCAAGGAATGCACCAGATGGGCATTTCTCATTGAATAACACA
AATATGACCTTTGATCCGTATCTTTGGGTTATTCCAAGTGAGGACCTTCCAGAAGCAGGGGGATATTTCTTGAGGATGGATGCAGGGGATGCCATTGATATTGCAGAGCAAATTCTGGTGTATGG
TTTCAGCATCCAATGTCTGTTCTGGGATAAAGTGAGGGAAGAGTGGCTCGGTGATGGCTGCCAGGT

>REJ3|Cryptasterina_hystera_4_allele1|TRINITY_DN22504_c10_g1_i9
ATGAGAAAGCCCGTGAGTTACAGGAATCATCCGTGGGTCATCTGCCTTACTTTGCTGATAATGCCGAGTATGTATTCAAACTTGATACAAATGACAGGAGCAACACAGGATCTGTATCAAGTCTC
TGCCCCATCTGAAGTCAGCTACTTAGATGCTGTCTTATTTGTCTTCCAAGCCGACTATACGAGGGACCCTCCTATCATGTGCTCTTGGGATTTTGATGATGGGCATCAGGTGTTCACCACGACGG
TAGAATTACAACGGGGGATATCACACCAGTACTCTCATCCTGGGCACTACACTGTGTTGACATCGTGTCTCACATCGTCCGGCTTCATTTACAAAAGCACCAAAGTGGCAGTTATTAATGACATT
GACTGGCTTGAGTGCGTCGTCACAGACGCTGATGCAGTTCAGCAAGAAATCTACCGGCAGGGCAGTAACATCGTGGTCCACTACAGGCATGAGTATACTGTTGGGCTAGTCTACAGCTTACTC
ATAGATGATACGATTGTGTACGAAGCTGCTGCAGTAGCTCCTAGAGATCAAAGTATTATGGTGGAGGAACATCTGATCATAACAAGCCAGCTGCAGGAACTGATTGCACTGGGAAGTCACAATG
TGACGCTGCGGGTCAGCAATGACCGTGTTGACCTGCGATGCTGGAGCGCCTTCACGTTGATGAGCCCAGTTTCGGGAGTCAGTGTAGCAACCAGTCATTCATTTGTAGTCCCTGGGGAGGAG
GTGGCACTGACGGTGATGGCCGAAACAGGATTTGCTGCGACGATCGAATGGAGCATCAAGAACGGCCAGTCCGTTGTCTGGCAGATGCTGGCGCAGAGGCGTGGGAGACTACCTCATGACGT
TGATCGGATTACAACATCTTTGTCAGACATTGGCGAGTTCCAAGTCTGTGCCAAGGTCTACAATAACTTCAGTTCTGAGGATGCCTGCACCAACATTACTACTCAGTATCCTGTTACATCTGTAAG
ACTAACATCAGATGCACCCATTAACTTTGCAGCTGAGCACAGGGTTGAATTCTCTGTAGAGTTTTTGGATAGACCGATTCCTACAAGTATGAGGTACTACATGGACTTTGGCGATGGCATGAGTG
ATAATTCTACAGTTGTAGGGATCACACCCACAAGTCCGGTCCTCACCGTTCCCTACACCTTCACCGCACCAGGCATCTACTCTGCCAGTCTTCATGTCTACAATGACCTGAGCTCCATTCATGAA
GACATCAGCGTAGCAGTACTGCAGCCAATTACCCACCTGACTATGCGCCTGTCTCATCACAGTGGAATCTACTTTCCAAGTCGTGAGACAGATTGGTTTTGGCAGGAACCACCTTTCACCCATC
CGCTGGTGACTGAAAATATATACTTAATTGAGCTACAAGGAACTGGCACTGTACAGCACGTCACTTGGACAATTACCGGAGAAAGTTACGAGAACCATATCAACACCACCGGGAGATCCTTGGT
TTTCAAGTTTCCCTCTGATGGCACTTTCAGAGTACAAGCCAAGGCTGGAAATGCCTACTCAACCTTCACAACAGCCGAAGCATCCGTGATGGTCCTTGATGCTATTGTGAATCTGTATCTGATCA
GCAACAGTCCCGGAACCAAGGAAGAACCAATAACATTTCTGGTTCTTGTGGAGGAGCTTGGCTCAAACTCGTCATTCAGCATCAACTTTGGGGATGGTTATTCAGATCCGGTACCTGAACCCCA
GCGCGACATCGACATGATGCAATTTGTGCCAAAGAACCTCGCTCTGCCGACAGATCCGGCAAAGTCCTACGTCACAATTATGAACCACAGTTACGCCGAAGTCGGAGTCTATGCCCCCAGGGT
TACCGGCTTGAACCCAGCCATGGAATGGATTGCCATCACCTATGTGTTTGTGCAAGATGCTGCCCATATCTGCAGGATACCAGTCATTCACATTACGGATGGTGGCAGTAGCTACTATCTGGCA
AAGAAGTACAGCCGAAGTAAAGCATTTGTCTTCGGGGCATCGGTTCAGATAACCTGTCCACAGGCTAAGAAGGCCCACTATCAATGGCGGGTCTATAAAGTTGGCAGTTTATTCACAGTCCCTA
GTCCATCAAATGAGGTTAACCTTCCGTCAAATGTCATCACACGAACTGCCGATATGTACATTCCTGGGTTCACCCTAGGTTATGGCATGTACATCTTCCAACTCACAGTCACCTTGGTGATGAAG
GATGCAGGTGCGGCCAATGTGGAGAACGTTGCTCATAGTTACATTGAGGTAACCCCTGCTGACCTTGTTGCTAGGATCACAGGAGGTTCAGCATTGGTAGTTGGCTGGTATTCCAATATTACAC
TGGATGCCTCAGACTCCTACGATCCTGACCAAGCGCCTGGTATGGCAATGCTGGGACTGAGCTACACGTGGTACTGTCGCCGATCCAATGAGTCCTTTCCTGAGAATATGACAGTGTTGGCTC
ACAACCACCTGCCATCTACAGGTGGCTGTTTTGGGCAAGGATTTCTTCTGTCAGAGACCAATAATCACTCGGTGATTATTCCAGCTCAGATGCTGGAAGGCAGCCAGGAATATGTTATCCTTCTG
AAATTGGCAAAGACCGGTCGTAGGAATGCGTATGCTGAACAGACGGTTACCATTCTGCCTGGAAATCCAAACACCATTTACATAAGGTGCCTGACGAACTGTGGAGCCCAGCTCAACCCATCGG
CCCGATTGGTCCTGGCTGGACGGTGCCCTGACTGCACAGCTTCCACACGGCCTTACTTTGAATGGACAGTGAGATCAAGTAACCAGACCACAGCAACGCAGACCTTAGACTGGGCCAGGGAC
ACCACAACTGGACAACGTAGCTCTTACCTTGCCATCAAAGCGGGGACTTTTGCCGGATCTGGTGACGAGATATACACTGTGCACCTACAAATGCAGAGCAGGAGTGGATCTAGCAGCTTTGCA
GAGTACAAGTTCACAACAAATTCCCCACCGACGGCAGGCAACTGCTCCATCACACCAACAGAAGGGGTCGTCCTGACGACACGCTTCTCTATCATCTGTGAGCACTTTGAGGACATCCACACCC
CTTTGACTTACGAGGTGCACGCCGTAACGGAAGCCAAGAGTTCTGTAGTGGATGGTGCACTTGATGCGTCAGTGGAAGGTATTCTCTTGTTCTACGGAGTGGACCCCAATATTCCACCAACCTT
CCTCCCTCTCGGCAAACCCAGTCTAGATTACAAGCTGGACATCAAGATTAAAGTGACTGATTCCCTAGGGGCAAACGTCTACACTTGGATATCTGCAAAGGTTCATGAGCATGAAAGCAGCGAC
GTAGAGGCACTCGCTCTACAACTGACCTCAGACCAAGACTCCCAACTGAACCAGCTGCTGGGAGAAGGTAACATCCAGACAGCTACGCAGGTCATCACTGGTGTCGGCTCCATGCTGAATCAA
GAGTCAGAGAGGGACAGTCAGCATGAGGATAAAGGGGAATATAATGAGACCATCAGGCAGCAACACCGAGCAGAACTGGAACAGAAGAAACAGAAAAGAGTGCAGGCTAGGGAGTCACTTCT
TGCACTGCTAAGTAAAATGGAAGTCAACAGCTTGGAATCCATACAAGTCACTTCATCTGCCATCTCCCAAGTTACCAGTAAGATAGATGAAATATCTCCCCTAGCACAGGTATCTACTGCTTCTGC
CTTTGTGAGCATGGGTTCCAGGCTGAAGAAGCAGGCTGTTTTCGGAGTGGGCGGAGAGGCGGTAGAAGGGGCAGCAAGTTTCATGGTATCGGGATTGTCCAACATCATGACGTCTGCTACCTT
CAGACAAACTGACAATGCCTCAGACGTTCAGCTGCCATTAGATAATGGGAGGGCAGAACAGATGCGTAATGTTACTCTGGCCTCCTTGCATGCCCTGGATGATGTCCAGGCAGCCGTCCTTCTC
AACAAGGTGCCAGGGGAGCAGCCCACCGTCCTACAGACCGACTCACTCTCTGTCATCCTGCAGAGGCAGGAGAAGGGTAATCTTGACGGACTGGTGCTGCAGACGGAGAACTCAGATGTGGT
CTTCAGACTGCCGGCTGGGATAAGCACAGCTATCGACCAGCATCATTCAGCCTCATATGACGAAGTCATTGACACACAGATTCACCACTTCCAACAAAACCCCTTTTCGTGGACTGAAAGCAGC
AGCATGGTGACAAGTCATGTGACAAGCCTGAGGCTGGGGCACGGCAGCGACCAATCAAATATTGCCGTGCACAGTCTTCCACAAGACGTGGAGATAATAGTGACCAATGGCGGCAGTGCAAAT
CCAGTCCTCCTCCAACCGCTGGCCTATAAGCAGAGCAATCACACAATCTATGCATTCAATCTGACCAATTGGGATGCTGCCGTCACTGTGAAAGTTCAACTGAACCAATCATCGGAGCTGACGA
AAATACCCCCACTGAGTTTATGCCTTCAGCTTGAATTGGCAACGAACAATACCAACCCCCCATGCAAAGCATCAGTGACTATGCCAAGGAATGCACCAGATGGGCATTTCTCATTGAATAACACA
AATATGACCTTTGATCCGTATCTTTGGGTTATTCCAAGTGAGGACCTTCCAGAAGCAGGGGGATATTTCTTGAGGATGGATGCAGGGGATGCCATTGATATTGCAGAGCAAATTCTGGTGTATGG
TTTCAGCATCCAATGTCTGTTCTGGGATAAAGTGAGGGAAGAGTGGCTCGGTGATGGCTGCCAGGT

>REJ3|Cryptasterina_hystera_4_allele2| TRINITY_DN22504_c10_g1_i9
ATGAGAAAGCCCGTGAGTTACAGGAATCATCCGTGGGTCATCTGCCTTACTTTGCTGATAATGCCGAGTATGTATTCAAACTTGATACAAATGACAGGAGCAACACAGGATCTGTATCAAGTCTC
TGCCCCATCTGAAGTCAGCTACTTAGATGCTGTCTTATTTGTCTTCCAAGCCGACTATACGAGGGACCCTCCTATCATGTGCTCTTGGGATTTTGATGATGGGCATCAGGTGTTCACCACGACGG
TAGAATTACAACGGGGGATATCACACCAGTACTCTCATCCTGGGCACTACACTGTGTTGACATCGTGTCTCACATCGTCCGGCTTCATTTACAAAAGCACCAAAGTGGCAGTTATTAATGACATT
GACTGGCTTGAGTGCGTCGTCACAGACGCTGATGCAGTTCAGCAAGAAATCTACCGGCAGGGCAGTAACATCGTGGTCCACTACAGGCATGAGTATACTGTTGGGCTAGTCTACAGCTTACTC
ATAGATGATACGATTGTGTACGAAGCTGCTGCAGTAGCTCCTAGAGATCAAAGTATTATGGTGGAGGAACATCTGATCATAACAAGCCAGCTGCAGGAACTGATTGCACTGGGAAGTCACAATG
TGACGCTGCGGGTCAGCAATGACCGTGTTGACCTGCGATGCTGGAGCGCCTTCACGTTGATGAGCCCAGTTTCGGGAGTCAGTGTAGCAACCAGTCATTCATTTGTAGTCCCTGGGGAGGAG
GTGGCACTGACGGTGATGGCCGAAACAGGATTTGCTGCGACGATCGAATGGAGCATCAAGAACGGCCAGTCCGTTGTCTGGCAGATGCTGGCGCAGAGGCGTGGGAGACTACCTCATGACGT
TGATCGGATTACAACATCTTTGTCAGACATTGGCGAGTTCCAAGTCTGTGCCAAGGTCTACAATAACTTCAGTTCTGAGGATGCCTGCACCAACATTACTACTCAGTATCCTGTTACATCTGTAAG
ACTAACATCAGATGCACCCATTAACTTTGCAGCTGAGCACAGGGTTGAATTCTCTGTAGAGTTTTTGGATAGACCGATTCCTACAAGTATGAGGTACTACATGGACTTTGGCGATGGCATGAGTG
ATAATTCTACAGTTGTAGGGATCACACCCACAAGTCCGGTCCTCACCGTTCCCTACACCTTCACCGCACCAGGCATCTACTCTGCCAGTCTTCATGTCTACAATGACCTGAGCTCCATTCATGAA
GACATCAGCGTAGCAGTACTGCAGCCAATTACCCACCTGACTATGCGCCTGTCTCATCACAGTGGAATCTACTTTCCAAGTCGTGAGACAGATTGGTTTTGGCAGGAACCACCTTTCACCCATC
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CGCTGGTGACTGAAAATATATACTTAATTGAGCTACAAGGAACTGGCACTGTACAGCACGTCACTTGGACAATTACCGGAGAAAGTTACGAGAACCATATCAACACCACCGGGAGATCCTTGGT
TTTCAAGTTTCCCTCTGATGGCACTTTCAGAGTACAAGCCAAGGCTGGAAATGCCTACTCAACCTTCACAACAGCCGAAGCATCCGTGATGGTCCTTGATGCTATTGTGAATCTGTATCTGATCA
GCAACAGTCCCGGAACCAAGGAAGAACCAATAACATTTCTGGTTCTTGTGGAGGAGCTTGGCTCAAACTCGTCATTCAGCATCAACTTTGGGGATGGTTATTCAGATCCGGTACCTGAACCCCA
GCGCGACATCGACATGATGCAATTTGTGCCAAAGAACCTCGCTCTGCCGACAGATCCGGCAAAGTCCTACGTCACAATTATGAACCACAGTTACGCCGAAGTCGGAGTCTATGCCCCCAGGGT
TACCGGCTTGAACCCAGCCATGGAATGGATTGCCATCACCTATGTGTTTGTGCAAGATGCTGCCCATATCTGCAGGATACCAGTCATTCACATTACGGATGGTGGCAGTAGCTACTATCTGGCA
AAGAAGTACAGCCGAAGTAAAGCATTTGTCTTCGGGGCATCGGTTCAGATAACCTGTCCACAGGCTAAGAAGGCCCACTATCAATGGCGGGTCTATAAAGTTGGCAGTTTATTCACAGTCCCTA
GTCCATCAAATGAGGTTAACCTTCCGTCAAATGTCATCACACGAACTGCCGATATGTACATTCCTGGGTTCACCCTAGGTTATGGCATGTACATCTTCCAACTCACAGTCACCTTGGTGATGAAG
GATGCAGGTGCGGCCAATGTGGAGAACGTTGCTCATAGTTACATTGAGGTAACCCCTGCTGACCTTGTTGCTAGGATCACAGGAGGTTCAGCATTGGTAGTTGGCTGGTATTCCAATATTACAC
TGGATGCCTCAGACTCCTACGATCCTGACCAAGCGCCTGGTATGGCAATGCTGGGACTGAGCTACACGTGGTACTGTCGCCGATCCAATGAGTCCTTTCCTGAGAATATGACAGTGTTGGCTC
ACAACCACCTGCCATCTACAGGTGGCTGTTTTGGGCAAGGATTTCTTCTGTCAGAGACCAATAATCACTCGGTGATTATTCCAGCTCAGATGCTGGAAGGCAGCCAGGAATATGTTATCCTTCTG
AAATTGGCAAAGACCGGTCGTAGGAATGCGTATGCTGAACAGACGGTTACCATTCTGCCTGGAAATCCAAACACCATTTACATAAGGTGCCTGACGAACTGTGGAGCCCAGCTCAACCCATCGG
CCCGATTGGTCCTGGCTGGACGGTGCCCTGACTGCACAGCTTCCACACGGCCTTACTTTGAATGGACAGTGAGATCAAGTAACCAGACCACAGCAACGCAGACCTTAGACTGGGCCAGGGAC
ACCACAACTGGACAACGTAGCTCTTACCTTGCCATCAAAGCGGGGACTTTTGCCGGATCTGGTGACGAGATATACACTGTGCACCTACAAATGCAGAGCAGGAGTGGATCTAGCAGCTTTGCA
GAGTACAAGTTCACAACAAATTCCCCACCGACGGCAGGCAACTGCTCCATCACACCAACAGAAGGGGTCGTCCTGACGACACGCTTCTCTATCATCTGTGAGCACTTTGAGGACATCCACACCC
CTTTGACTTACGAGGTGCACGCCGTAACGGAAGCCAAGAGTTCTGTAGTGGATGGTGCACTTGATGCGTCAGTGGAAGGTATTCTCTTGTTCTACGGAGTGGACCCCAATATTCCACCAACCTT
CCTCCCTCTCGGCAAACCCAGTCTAGATTACAAGCTGGACATCAAGATTAAAGTGACTGATTCCCTAGGGGCAAACGTCTACACTTGGATATCTGCAAAGGTTCATGAGCATGAAAGCAGCGAC
GTAGAGGCACTCGCTCTACAACTGACCTCAGACCAAGACTCCCAACTGAACCAGCTGCTGGGAGAAGGTAACATCCAGACAGCTACGCAGGTCATCACTGGTGTCGGCTCCATGCTGAATCAA
GAGTCAGAGAGGGACAGTCAGCATGAGGATAAAGGGGAATATAATGAGACCATCAGGCAGCAACACCGAGCAGAACTGGAACAGAAGAAACAGAAAAGAGTGCAGGCTAGGGAGTCACTTCT
TGCACTGCTAAGTAAAATGGAAGTCAACAGCTTGGAATCCATACAAGTCACTTCATCTGCCATCTCCCAAGTTACCAGTAAGATAGATGAAATATCTCCCCTAGCACAGGTATCTACTGCTTCTGC
CTTTGTGAGCATGGGTTCCAGGCTGAAGAAGCAGGCTGTTTTCGGAGTGGGCGGAGAGGCGGTAGAAGGGGCAGCAAGTTTCATGGTATCGGGATTGTCCAACATCATGACGTCTGCTACCTT
CAGACAAACTGACAATGCCTCAGACGTTCAGCTGCCATTAGATAATGGGAGGGCAGAACAGATGCGTAATGTTACTCTGGCCTCCTTGCATGCCCTGGATGATGTCCAGGCAGCCGTCCTTCTC
AACAAGGTGCCAGGGGAGCAGCCCACCGTCCTACAGACCGACTCACTCTCTGTCATCCTGCAGAGGCAGGAGAAGGGTAATCTTGACGGACTGGTGCTGCAGACGGAGAACTCAGATGTGGT
CTTCAGACTGCCGGCTGGGATAAGCACAGCTATCGACCAGCATCATTCAGCCTCATATGACGAAGTCATTGACACACAGATTCACCACTTCCAACAAAACCCCTTTTCGTGGACTGAAAGCAGC
AGCATGGTGACAAGTCATGTGACAAGCCTGAGGCTGGGGCACGGCAGCGACCAATCAAATATTGCCGTGCACAGTCTTCCACAAGACGTGGAGATAATAGTGACCAATGGCGGCAGTGCAAAT
CCAGTCCTCCTCCAACCGCTGGCCTATAAGCAGAGCAATCACACAATCTATGCATTCAATCTGACCAATTGGGATGCTGCCGTCACTGTGAAAGTTCAACTGAACCAATCATCGGAGCTGACGA
AAATACCCCCACTGAGTTTATGCCTTCAGCTTGAATTGGCAACGAACAATACCAACCCCCCATGCAAAGCATCAGTGACTATGCCAAGGAATGCACCAGATGGGCATTTCTCATTGAATAACACA
AATATGACCTTTGATCCGTATCTTTGGGTTATTCCAAGTGAGGACCTTCCAGAAGCAGGGGGATATTTCTTGAGGATGGATGCAGGGGATGCCATTGATATTGCAGAGCAAATTCTGGTGTATGG
TTTCAGCATCCAATGTCTGTTCTGGGATAAAGTGAGGGAAGAGTGGCTCGGTGATGGCTGCCAGGT
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ATGAGAAAGTCCGTGAGTTACATGAATCATCCGTGGGTCATCTGCCTTACTTTGTTGATAATGCCGAGTATG---
TCAAACTTGATACAAATGACAGGAGCAACACAGGATCTGTATCAAGTCTCCGCCCCATCTGAAGTCAGCTATTTAGATGCCGTCTTATTTGTCTTCCAGGCCGACTATACGAGGGACCCTCCTAT
CATGTGCTCTTGGGATTTTGATGATGGGCATCAGGTGTTCACCACGACGGTAGAATTACAACGGGGGATATCACACCAGTACTCTCATCCTGGGCACTACACTGTGTTGACATCGTGTCTCACA
TCGTCCGGCTTCATTTACAAAAGCACCAAAGTGACAGTTATTAATGACATTGACTGGCTTGAGTGCGTCGTCACAGACGCTGATGCAGTTCAGCAAGAAATCTACCGGCAGGGCAGTAACATCG
TGGTCCACTACAGGCATGAGTATACTGTTGGGCTAGTCTACAGCTTACTCATAGATGATACGATTGTGTACGAAGCTGCTGCAGTAGCTCCTAGAGATCAAAGTATTATGGTGGAGGAAAATCTG
ATCATAACAAGCCAGCTGCAGGAACTGATTGCACTGGGAAGTCACAATGTGACGCTGCGGGTCAGCAATGACCGTGTTGACCTGCGATGCTGGAGCGCCTTCACGTTGATGAGCCCAGTTTCG
GGAGTCAGTGTAGCAACCAGTCATTCATTTGTAGTCCCTGGGGAGGAGGTGGCACTGACGGTGATGGCCGAAACAGGATTTCCTGCGACGATCGAATGGAGCATCAAGAACGGCCAGTCCGT
TGTCTGGCAGATGCTGGCGCAGAGGCGTGGGAGACTACCTCATGACGTTGATCGGATTACAACATCTTTGTCAGACATTGGCGAGTTCCAAGTCTGTGCCAAGGTCTACAATAACTTCAGTTCT
GAGGATGCCTGCACCAACATTACTACTCAGTATCCTGTTACATCTGTAAGACTAACATCAGATGCACCCATTAACTTTGCAGCTGAGCACAGGGTTGAATTCTCTGTAGAGTTTTTGGATAGGCC
GATTCCTACCAGTATGAGGTACTACATGGACTTTGGCGATGGCATGAGTGATAATTCTACAGTTGTAGGGATCACACCCACAAGTCCGGTCCTCACCGTTCCCTACACCTTCACCGCACCAGGC
ATCTACTCTGCCAGTCTTCATGTCTACAATGACCTGAGCTCCATTCATGAAGACATCAGCGTAGCAGTACTGCAGCCAATTACCCACCTGACTATGCGCCTGTCTCATCACAGTGGAATCTACTT
TCCAAGTCGTGAGACAGATTGGTTTTGGCAGGAACCACCTTTCACCCATCCGCTGGTGACTGAAAATATATACTTAATTGAGCTACAAGGAACTGGCACTGTACAGCACGTCACTTGGACAATTA
CCGGAGAAAGTTACGAGAACCATATCAACACCACCGGGAGATCCTTGGTTTTCAAGTTTCCCTCTGACGGCACTTTCAGAGTACAAGCCAAGGCTGGAAATGCCTACTCCACCTTCACAACAGC
CGAAGCATCCGTGATGGTCCTTGATGCTATTGTGAATCTGTATCTGATCAGCAACAGTCCCGGAACCAAGGAAGAATCAATCACATTTCTGGTTCTTGTGGAGGAGCTTGGCTCAAACTCGTCAT
TCAGCATCAACTTTGGGGATGGGTATTCAGAGCCGGTACCTGAACCCCAGCGCGACATCGACATGATGCAATTTGTGCCAAAGAACCTCGCTCTGCCGACAGATCCGGCAAAGTCCTACGTCA
CAATTATGAACCACAGTTACGCCGAAGTCGGAGTCTATGCCCCCAGGGTTACCGGCTTGAACCCAGCCATAGAATGGATTGCCATCACCTATGTGTTTGTGCAAGATGCTGCCCATATCTGCAG
GATACCAGTCATTCACATTACGGATGGTGGCAGTAGCTACTATCTGGCAAAGAAGTACAGCCGAAGTAAAGCATTTGTCTTTGGGGCATCGGTTCAGATAACCTGTCCACAGGCTAAGAAGGCC
CACTATCAATGGCGGGTCTATAAAGTTGGCAGTTTATTCACTGTCCCTAGTCCATCGAATGAGGTTAACCTTCCGTCAAATGTCATCACACGAACTGCCGATATGTACATTCCTGGGTTCACCCT
GGGTTATGGCATGTACATCTTCCAACTCACAGTCACCTTGGTGATGAAGGATGCAGGTGCGGCCAATGTGGAGAACGTTGCCCATAGTTACATCGAGGTAACCCCTGCTGACCTTGTTGCTAGG
ATCACAGGAGGTTCAGCATTGGCAGTTGGCTGGTATTCCAATATTACACTGGATGCCTCAGACTCCTACGATCCTGACCAAGCGCCTGGTATGGCAATGCTGGGACTGAGCTACACGTGGTACT
GTCGCCGATCCAATGAGTCCTTTCCTGAGAATATGACAGTGTTGGCTCACAACCACCTGCCATCTACAGGTGGCTGTTTTGGGCAAGGATTTCTTCTGTCAGAGACCAATAATCACTCAGTGATT
ATTCCAGCTCAGATGCTGGAAGGCAGCCAGGAATATGTTATCCTTCTGAAATTGGCAAAGACCGGTCGTAGGAATGCGTATGCTGAACAGACGGTTACCATTCTGCCTGGACATCCAAACACCA
TTTACATAAGGTGCCTGACTAACTGTGGAGCCCAGATCAACCCATCGGCCCGACTGGTTCTGGCTGGACGGTGCCCTGAATGCACAGCTTCCACACGGCCTTACTTTGAATGGACAGTGAGAT
CAAGTAACCAGACCACAGCAACGCAGACCTTAGACTGGGCCAGGGACACCACAACTGGACAACGTAGCTCTTACCTTGCCATCAAAGTGGGTACTTTTGCCGGATCGGGCGACGAGATATACA
CCGTGCACCTACAAATGCAGAGCAGGAGTGGATCTAGCAGCTTTGCAGAGTACAAGTTCACAACAAATTCCCCGCCGACGGCAGGCAACTGCTCCATCACACCAACAGAAGGGGTCGTCCTGA
CGACACGCTTCTCTATCATCTGTGAGCACTTTGAGGACATCCACACCCCTTTGACTTACGAGGTGCATGCTGTAACGGAAGCCAAGAGTTCTGTGGTGGATGGTGCACTTGATGCGTCAGTGGA
AGGTATTCTCTTGTTCTACGGAGTGGACCCCAATATTCCACCAACCTTCCTCCCTCTCGGCAAACCCAGTCTAGATTACAAGCTAGACATCAAGATTAAAGTGACTGATTCCCTAGGGGCAAACG
TCTACACTTGGATATCTGCAAAGGTTCATGAGCATGAAAGCAGCGACGTAGAGGCACTCGCTCTACAACTGACCTCAGACCAAGACTCCCAACTGAACCAGCTGCTGGGAGAAGGTAACATCCA
GACAGCTACGCAGGTCATCACTGGTGTCGGCTCCATGCTGAATCAAGAGTCAGAGAGGGACAGTCAGCATGAGGATAAAGGGGAATATAATGAGACCATCAGGCAGCAACACCGAGCAGAAC
TGGGACAGAAGAAACAGAAAAGAGTGCAGGCTAGGGAGTCACTTCTTGCACTGCTAAGTAAAGTGGAAGTCAACAGCCTGGAATCCATACAACTCACTTCATCTGCCATCTCCCAAGTTACCAG
TAAGATAGATGAAATATCTCCCCTAGCACAGGTATCTACTGCTTCTGCCTTTGTGAGCATGGGTTCCAGGCTGAAGGAGCAGGCTGATTTCGGAGTGGGTGGAGAGGCGGTAGAAGGGGCAGC
AAGTTTCATGGTATCGGGATTGTCCAACATCATGACGTCTGCTACCTTCAGACAAACTGACAATGCCTCAGACGTTCAGCTGCCATTAGATAATGGGAGGGCAGAACAGATGCGTAATGTTACTC
TGGCCTCCTTGCATGCCCTGGATGATGTCCAGGCAGCCGTCCTTCTCAACAAGGTGCCAGGGGAGCAGCCCACCGTCCTACAGACCGACTCACTCTCTGTCATCCTGCAGAGGCAGGAGAAG
GGTAATCTTGACGGACTGGTGCTGCAGACGGAGAACTCAGATGTGGTCTTCAGACTGCCGGCTGGGATAAGCACAGCTATCGACCAGCATCATTCAGCCTCATATGACGAAGTCATTGACACA
CAGATTCACCACTTCCAACAAAACCCCTTTTCGTGGACTGAAAGCAGCAGCATGGTGACAAGTCATGTGACAAGCCTGAGGCTGGGGCACGGCAGCGACCAATCAAATATTGCCGTGCACAGT
CTTCCACAAGACGTGGAGATAATAGTGACCAATGGCGGCAGTGCAAATCCAGTCCTCCTCCAACCGCTGGCCTATAAGCAGAGCAATCACACAATCTATGCATTCAATCTGACCAATTGGGATG
CTGCCGTCACTGTGAAAGTTCAACTGAACCAATCATCGGAGCTGACGAAAATACCCCCACTGAGTTTATGCCTTCAGCTTGAATTGGCAACGAACAATACCAACCCCCCATGCAAAGCATCAGT
GACTATGCCAAGGAATGCACCAGATGGGCATTTCTCATTGAATAACACAAATATGACCTTTGATCCGTATCTTTGGGTTATTCCAAGTGAGGACCTTCCAGAAGCAGGGGGATATTTCTTGAGGA
TGGATGCAGGGGATGCCATTGATATTGCAGAGCAAATTCTGGTGTATGGTTTCAGCATCCAATGTCTGTTCTGGGATAAAGTGAGGGAAGAGTGGCTGGGTGACGGCTGCCAGGT
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ATGAGAAAGTCCGTGAGTTACATGAATCATCCGTGGGTCATCTGCCTTACTTTGTTGATAATGCTGAGTATG---
TCAAACTTGATACAAATGACAGGAGCAACACAGGATCTGTATCAAGTCTCCGCCCCATCTGAAGTCAGCTATTTAGATGCCGTCTTATTTGTCTTCCAGGCCGACTATACGAGGGACCCTCCTAT
CATGTGCTCTTGGGATTTTGATGATGGGCATCAGGTGTTCACCACGACGGTAGAATTACAACGGGGGATATCACACCAGTACTCTCATCCTGGGCACTACACTGTGCTGACATCGTGTCTCACA
TCGTCCGGCTTCATTTACAAAAGCACCAAAGTGGCAGTTATTAATGACATTGACTGGCTTGAGTGCGTCGTCACAGACGCTGATGCAGTTCAGCAAGAAATCTACCGGCAGGGGAGTAACATCG
TGGTCCACTACAGGCATGAGTATACTGTTGGGCTAGTCTACAGCTTACTCATAGATGATACGATTGTGTACGAAGCTGCTGCAGTAGCTCCTAGAGATCAAAGTATTATGGTGGAGGAAAATCTG
ATCATAACAAGCCAGCTGCAGGAACTGATTGCACTGGGAAGTCACAATGTGACGCTGCGGGTCAGCAATGACCGTGTTGACCTGCGATGCTGGAGCGCCTTCACGTTGATGAGCCCAGTTTCG
GGAGTCAGTGTAGCAACCAGTCATTCATTTGTAGTCCCTGGGGAGGAGGTGGCACTGACGGTGATGGCCGAAACAGGATTTCCTGCGACGATCGAATGGAGCATCAAGAACGGCCAGTCCGT
TGTCTGGCAGATGCTGGCGCAGAGGCGTGGGAGACTACCTCATGACGTTGATCGGATTACAACATCTTTGTCAGACATTGGCGAGTTCCAAGTCTGTGCCAAGGTCTACAATAACTTCAGTTCT
GAGGATGCCTGCACCAACATTACTACTCAGTATCCTGTTACATCTGTAAGACTAACATCAGATGCACCCATTAACTTCGCAGCTGAGCACAGGGTTGAATTCTCTGTAGAGTTTTTGGATAGACC
GATTCCTACAAGTATGAGGTACTACATGGACTTTGGCGATGGCATGAGTGATAATTCTACAGTTGTAGGGATCACACCCACAAGTCCGGTCCTCACCGTTCCCTACACCTTCACCGCACCAGGC
ATCTACTCTGCCAGTCTTCATGTCTACAATGACCTGAGCTCCATTCATGAAGACATCAGCGTAGCAGTACTGCAGCCAATTACCCACCTGACTATGCGCCTGTCTCATCACAGTGGAATCTACTT
TCCAAGTCGTGAGACAGATTGGTTTTGGCAGGAACCACCTTTCACCCATCCGCTGGTGACTGAAAATATATACTTAATTGAGCTACAAGGAACTGGCACTGTACAGCACGTCACTTGGACAATTA
CCGGAGAAAGTTACGAGAACCATATCAACACCACCGGGAGATCCTTGGTTTTCAAGTTTCCCTCTGATGGCACTTTCAGAGTACAAGCCAAGGCTGGAAATGCCTACTCAACCTTCACAACAGC
CGAAGCATCCGTGATGGTCCTTGATGCTATTGTGAATCTGTATCTGATCAGCAACAGTCCCGGAACCAAGGAAGAACCAATAACATTTCTGGTTCTTGTGGAGGAGCTTGGCTCAAACTCGTCAT
TCAGCATCAACTTTGGGGATGGTTATTCAGATCCGGTACCTGAACCCCAGCGCGACATCGACATGATGCAATTTGTGCCAAAGAACCTCGCTCTGCCGACAGATCCGGCAAAGTCCTACGTCAC
AATTATGAACCACAGTTACGCCGAAGTCGGAGTCTATGCCCCCAGGGTTACCGGCTTGAACCCAGCCATAGAATGGATTGCCATCACCTATGTGTTTGTGCAAGATGCTGCCCATATCTGCAGG
ATACCAGTCATTCACATTACGGATGGTGGCAGTAGCTACTATCTGGCAAAGAAGTACAGCCGAAGTAAAGCATTTGTCTTCGGGGCATCGGTTCAGATAACCTGTCCACAGGCTAAGAAGGCCC
ACTATCAATGGCGGGTCTATAAAGTTGGCAGTTTATTCACAGTCCCTAGTCCATCAAATGAGGTTAACCTTCCGTCAAATGTCATCACACGAACTGCCGATATGTACATTCCTGGGTTCACCCTA
GGTTATGGCATGTACATCTTCCAACTCACAGGCACCTTGGTGATGAAGGATGCAGGTGCGGCCAATGTGGAGAACGTTGCTCATAGTTACATTGAGGTAACCCCTGCTGACCTTGTTGCTAGGA
TCACAGGAGGTTCAGCATTGGTAGTTGGCTGGTATTCCAATATTACACTGGATGCCTCAGACTCCTACGATCCTGACCAAGCGCCTGGTATGGCAATGCTGGGACTGAGCTACACGTGGTACTG
TCGCCGATCCAATGAGTCCTTTCCTGAGAATATGACAGTGTTGGCTCACAACCACCTACCATCTACAGGTGGCTGTTTTGGGCAAGGATTTCTTCTGTCAGAGACCAGTAAGCACTCAGTGATTA
TTCCAGCTCAGATGCTGGAAGGCAGCCAGGAATACGTTATCCTTCTGAAATTGTCAAAGACCGGTCGTAGGAATGCGTATGCTGAACAGACGGTTACCATTCTGCCTGGAAATCCAAACACCAT
TTACATAAGGTGCCTGACTAACTGTGGAGCCCAGATCAACCCATCGGCCCGACTGGTTCTGGCTGGACGGTGCCCTGAATGCACAGCTTCCACACAGCCTTACTTTGAATGGACAGTGAGATC
AAGTAACCAGACCACAGCAACGCAGACCTTAGACTGGGCCAGGGACACCACAACTGGACAACGTAGCTCTTACCTTGCCATCAAAGTGGGTACTTTTGCCGGATCGGGCGACGAGATATACAC
CGTGCACCTACAAATGCAGAGCAGGAGTGGATCTAGCAGCTTTGCAGAGTACAAGTTCACAACAAATTCCCCGCCGACGGCAGGCAACTGCTCCATCACACCAACAGAAGGGGTCGTCCTGAC
GACACGCTTCTCTATCATCTGTGAGCACTTTGAGGACATCCACACCCCTTTGACTTACGAGGTGCATGCTGTAACGGAAGCCAAGAGTTCTGTGGTGGATGGTGCACTTGATGCGTCAGTGGAA
GGTATTCTCTTGTTCTACGGAGTGGACCCCAATATTCCACCAATCTTCCTCCCTCTTGGCAAACCCAGTCTAGATTACAAGCTGGACATCAAGATTAAAGTGACTGATTCCCTAGGGGCAAACGT
CTACACTTGGATATCTGCAAAGGTTCATGAGGATGAAAGCAGCGACGTAGAGGCACTCGCTCTACAACTGACCTCAGACCAAGACTCCCAACTTAACCAACTGCTGGGAGAAGGTAACATCCAG
ACAGCTACGCAGGTCATCACTGGTGTCAGCTCCATGCTGAATCAAGAGTCAGAGAGGGACAGTCAGCATGAGGATAAAGGGGAATATAATGAGACCATCAGGCAGCAACACCGAGCAGAACTG
GAACAGAAGAAACAGAAAAGAGTGCAGGCTAGGGAGTCACTTCTTGCACTGCTAAGTAAAGTGGAAGTCAACAGCCTGGAATCCATACAACTCACTTCATCTGCCATCTCCCAGGTTACCAGTA
AGAGAGATGAAATATCTCCCCTAGCACAGGTATCTACTGCTTCTGCCTTTGTGAGCATGGGTTCCAGGCTGAAGGAGCAGGCTGATTTCGGAGTGGGTGGAGAGGCGGTAGAAGGGGCAGCA
AGTTTCATGGTATCGGGATTGTCCAACATCATGACGTCTGCTACCTTCAGACAAACTGACAATGCCTCAGACGTTCAGCTGCCATTAGATAATGGGAGGGCAGAACAGATGCGTAATGTTACTCT
GGCCTCCTTGCATGCCCTGGATGATGTCCAGGCAGCCGTCCTTCTCAACAAGGTGCCAGGGGAGCAGCCCACCGTCCTACAGACCGACTCACTCTCTGTCATCCTGCAGAGGCAGGAGAAGG
GTAATCTTGACGGACTGGTGCTGCAGACGGAGAACTCAGATGTGGTCTTCAGACTGCCGGCTGGGATAAGCACAGCTATCGACCAGCATCATTCAGCCTCATATGACGAAGTCATTGACACAC
AGATTCACCACTTCCAACAAAACCCCTTTTCGTGGACTGAAAGCAGCAGCATGGTGACAAGTCATGTGACAAGCCTGAGGCTGGGGCACGGCAGCGACCAATCAAATATTGCCGTGCACAGTC
TTCCACAAGACGTGGAGATAATAGTGACCAATGGCGGCAGTGCAAATCCAGTCCTCCTCCAACCGCTGGCCTATAAGCAGAGCAATCACACAATCTATGCATTCAATCTGACCAATTGGGATGC
TGCCGTCACTGTGAAAGTTCAACTGAACCAATCATCGGAGCTGACGAAAATACCCCCACTGAGTTTATGCCTTCAGCTTGAATTGGCAACGAACAATACCAACCCCCCATGCAAAGCATCAGTG
ACTATGCCAAGGAATGCACCAGATGGGCATTTCTCATTGAATAACACAAATATGACCTTTGATCCGTATCTTTGGGTTATTCCAAGTGAGGACCTTCCAGAAGCAGGGGGATATTTCTTGAGGAT
GGATGCAGGGGATGCCATTGATATTGCAGAGCAAATTCTGGTGTATGGTTTCAGCATCCAATGTCTGTTCTGGGATAAAGTGAGGGAAGAGTGGCTCGGTGATGGCTGCCAGGT
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ATGAGAAAGTCCGTGAGTTACATGAATCATCCGTGGGTCATCTGCCTTACCTTGCTGATAATGCCGAGTATGTCTTCAAACTTGATACAAATGACAGGAGCAACACAGGATCTGTATCAAGTCTC
TGCCCCATCTGAAGTCAGCTACTTAGATGCTGTCTTATTTGTCTTCCAAGCCGACTATACGAGGGACCCTCCTATCATGTGCTCTTGGGATTTTGATGATGGGCATCAGGTGTTCACCACTACGG
TAGAATTACAACGGGGGATATCACACCAGTACTCTCATCCTGGGCACTACACTGTGCTGACATCGTGTCTCACATCGTCCGGCTTCATTTACAAAAGCACCAAAGTGACAGTTATTAATGACATT
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GACTGGCTTGAGTGCGTCGTCACAGACGCTGATGCAGTTCAGCAAGAAATCTACCGGCAGGGCAGTAACATCGTGGTCCACTACAGGCATGAGTATACTGTTGGGCTAGTCTACAGCTTACTC
ATAGATGATACGATTGTGTACGAAGCTGCTGCAGTAGCTCCTAGAGATCAAAGTATTATGATGGAGGAAAATCTGATCATAACAAGCCAGCTGCAGGAACTGATTGCACTGGGAAGTCACAATGT
GACGCTGCGGGTCAGCAATGACCGTGTTGACCTGCGATGCTGGAGCACCTTCACGTTGATGAGCCCAGTTTCGGGAGTCAGTGTAGCAACCAGTCATTCATTTGTAGTCCCTGGGGAGGAGGT
GGCACTGACGGTGATGGCCGAAACAGGATTTCCTGCGACGATCGAATGGAGCATCAAGAACGGCCAGTCCGTTGTCTGGCAGATGCTGGCGCAGAGGCGTGGGAGACTACCTCATGACGTTG
ATCGGATTACAACATCTTTGTCAGACATTGGCGAGTTCCAAGTCTGTGCCAAGGTCTACAATAACTTCAGTTCTGAGGATGCCTGCACCAACATTACTACTCAGTATCCTGTTACATCTGTAAGAC
TAACATCAGATGCACCCATTAACTTCGCAGCTGAGCACAGGGTTGAATTCTCTGTAGAGTTTTTGGATAGGCCGATTCCTACCAGTATGAGGTACTACATGGACTTTGGCGATGGCATGAGTGAT
AATTCTACAGTTGTAGGGATCACACCCACAAGTCCGGTCCTCACCGTTCCCTACACCTTCACCGCACCAGGCATCTACTCTGCCAGTCTTCATGTCTACAATGACCTGAGCTCCATTCATGAAGA
CATCAGCGTAGCAGTACTGCAGCCAATTACCCACCTGACTATGCGCCTGTCTCATCACAGTGGAATCTACTTTCCAAGTCGTGAGACAGATTGGTTTTGGCAGGAACCACCTTTCACCCATCCG
CTGGTGACTGAAAATATATACTTAATTGAGCTACAAGGAACTGGCACTGTACAGCACGTCACTTGGACAATTACCGGAGAAAGTTACGAGAACCATATCAACACCACCGGGAGATCCTTGGTTTT
CAAGTTTCCCTCTGACGGCACTTTCAGAGTACAAGCCAAGGCTGGAAATGCCTACTCCACCTTCACAACAGCCGAAGCATCCGTGATGGTCCTTGATGCTATTGTGAATCTGTATCTGATCAGCA
ACAGTCCCGGAACCAAGGAAGAATCAATCACATTTCTGGTTCTTGTGGAGGAGCTTGGCTCAAACTCGTCATTCAGCATCAACTTTGGGGATGGGTATTCAGAGCCGGTACCTGAACCCCAGCG
CGACATCGACATGATGCAATTTGTGCCAAAGAACCTCGCTCTGCCGACAGATCCGGCAAAGTCCTACGTCACAATTATGAACCACAGTTACGCCGAAGTCGGAGTCTATGCCCCCAGGGTTACC
GGCTTGAACCCAGCCATGGAATGGATCGCCATCACCTATGTGTTTGTGCAGGATGCTGCCCATATCTGCAGGATACCAGTCATTCACATTACGGATGGTGGCAGTAGCTACTATCTGGCAAAGA
AGTACAGCCGAAGTAAAGCATTTGTCTTTGGGGCATCGGTTCAGATAACCTGTCCACAGGCTAAGAAGGCCCACTATCAATGGCGGGTCTATAAAGTTGGCAGTTTATTCACTGTCCCTAGTCC
ATCGAATGAGGTTAACCTTCCGTCAAATGTCATCACACGAACTGCCGATATGTACATTCCTGGGTTCACCCTGGGTTATGGCATGTACATCTTCCAACTCACAGTCACCTTGGTGATGAAGGATG
CAGGTGCGGCCAATGTGGAGAACGTTGCCCATAGTTACATCGAGGTAACCCCTGCTGACCTTGTTGCTAGGATCACAGGAGGTTCAGCATTGGCAGTTGGCTGGTATTCCAATATTACACTGGA
TGCCTCAGACTCCTACGATCCTGACCAAGCGCCTGGTATGGCAATGCTGGGACTGAGCTACACGTGGTACTGTCGCCGATCCAATGAGTCCTTTCCTGAGAATATGACAGTGTTGGCTCACAAC
CACCTACCATCTACAGGTGGCTGTTTTGGGCAAGGATTTCTTCTGTCAGAGACCAGTAAGCACTCAGTGATTATTCCAGCTCAGATGCTGGAAGGCAGCCAGGAATACGTTATCCTTCTGAAATT
GTCAAAGACCGGTCGTAGGAATGCGTATGCTGAACAGACGGTTACCATTCTGCCTGGACATCCAAACACCATTTACATAAGGTGCCTGACTAACTGTGGAGCCCAGATCAACCCATCGGCCCG
ACTGGTTCTGGCTGGACGGTGCCCTGAATGCACAGCTTCCACACAGCCTTACTTTGAATGGACAGTGAGATCAAGTAACCAGACCACAGCAACGCAGACCTTAGACTGGGCCAGGGACACCAC
AACTGGACAACGTAGCTCTTACCTTGCCATCAAAGTGGGTACTTTTGCCGGATCGGGCGACGAGATATACACCGTGCACCTACAAATGCAGAGCAGGAGTGGATCTAGCAGCTTTGCAGAGTA
CAAGTTCACAACAAATTCCCCGCCGACGGCAGGCAACTGCTCCATCACACCAACAGAAGGGGTCGTCCTGACGACACGCTTCTCTATCATCTGTGAGCACTTTGAGGACATCCACACCCCTTTG
ACTTACGAGGTGCATGCTGTAACGGAAGCCAAGAGTTCTGTGGTGGATGGTGCACTTGATGCGTCAGTGGAAGGTATTCTCTTGTTCTACGGAGTGGACCCCAATATTCCACCAATCTTCCTCC
CTCTTGGCAAACCCAGTCTAGATTACAAGCTAGACATCAAGATTAAAGTGACTGATTCCCTAGGGGCAAACGTCTACACTTGGATATCTGCAAAGGTTCATGAGGATGAAAGCAGCGACGTAGA
GGCACTCGCTCTACAACTGACCTCAGACCAAGACTCCCAACTTAACCAACTGCTGGGAGAAGGTAACATCCAGACAGCTACGCAGGTCATCACTGGTGTCAGCTCCATGCTGAATCAAGAGTCA
GAGAGGGACAGTCAGCATGAGGATAAAGGGGAATATAATGAGACCATCAGGCAGCAACACCGAGCAGAACTGGGACAGAAGAAACAGAAAAGAGTGCAGGCTAGGGAGTCACTTCTTGCACT
GCTAAGTAAAGTGGAAGTCAACAGCCTGGAATCCATACAACTCACTTCATCTGCCATCTCCCAGGTTACCAGTAAGAGAGATGAAATATCTCCCCTAGCACAGGTATCTACTGCTTCTGCCTTTG
TGAGCATGGGTTCCAGGCTGAAGGAGCAGGCTGATTTCGGAGTGGGTGGAGAGGCGGTAGAAGGGGCAGCAAGTTTCATGGTATCGGGATTGTCCAACATCATGACGTCTGCTACCTTCAGA
CAAACTGACAATGCCTCAGACGTTCAGCTGCCATTAGATAATGGGAGGGCAGAACAGATGCGTAATGTTACTCTGGCCTCCTTGCATGCCCTGGATGATGTCCAGGCAGCCGTCCTTCTCAACA
AGGTGCCAGGGGAGCAGCCCACCGTCCTACAGACCGACTCACTCTCTGTCATCCTGCAGAGGCAGGAGAAGGGTAATCTTGACGGACTGGTGCTGCAGACGGAGAACTCAGATGTGGTCTTC
AGACTGCCGGCTGGGATAAGCACAGCTATCGACCAGCATCATTCAGCCTCATATGACGAAGTCATTGACACACAGATTCACCACTTCCAACAAAACCCCTTTTCGTGGACTGAAAGCAGCAGCA
TGGTGACAAGTCATGTGACAAGCCTGAGGCTGGGGCACGGCAGCGACCAATCAAATATTGCCGTGCACAGTCTTCCACAAGACGTGGAGATAATAGTGACCAATGGCGGCAGTGCAAATCCAG
TCCTCCTCCAACCGCTGGCCTATAAGCAGAGCAATCACACAATCTATGCATTCAATCTGACCAATTGGGATGCTGCCGTCACTGTGAAAGTTCAACTGAACCAATCATCGGAGCTGACGAAAATA
CCCCCACTGAGTTTATGCCTTCAGCTTGAATTGGCAACGAACAATACCAACCCCCCATGCAAAGCATCAGTGACTATGCCAAGGAATGCACCAGATGGGCATTTCTCATTGAATAACACAAATAT
GACCTTTGATCCGTATCTTTGGGTTATTCCAAGTGAGGACCTTCCAGAAGCAGGGGGATATTTCTTGAGGATGGATGCAGGGGATGCCATTGATATTGCAGAGCAAATTCTGGTGTATGGTTTCA
GCATCCAATGTCTGTTCTGGGATAAAGTGAGGGAAGAGTGGCTGGGTGACGGCTGCCAGGT
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ATGAGAAAGTCCGTGAGTTACATGAATCATCCGTGGGTCATCTGCCTTACCTTGCTGATAATGCCGAGTATGTCTTCAAACTTGATACAAATGACAGGAGCAACACAGGATCTGTATCAAGTCTC
TGCCCCATCTGAAGTCAGCTACTTAGATGCTGTCTTATTTGTCTTCCAAGCCGACTATACGAGGGACCCTCCTATCATGTGCTCTTGGGATTTTGATGATGGGCATCAGGTGTTCACCACTACGG
TAGAATTACAACGGGGGATATCACACCAGTACTCTCATCCTGGGCACTACACTGTGCTGACATCGTGTCTCACATCGTCCGGCTTCATTTACAAAAGCACCAAAGTGGCAGTTATTAATGACATT
GACTGGCTTGAGTGCGTCGTCACAGACGCTGATGCAGTTCAGCAAGAAATCTACCGGCAGGGCAGTAACATCGTGGTCCACTACAGGCATGAGTATACTGTTGGGCTAGTCTACAGCTTACTC
ATAGATGATACGATTGTGTACGAAGTTGCTGCAGTAGCTCCTAGAGATCAAAGTATTATGGTGGAGGAAAATCTGATCATAACAAGCCAGCTGCAGGAACTGATTGCACTGGGAAGTCACAATGT
GACGCTGCGGGTCAGCAATGACCGTGTTGACCTGCGATGCTGGAGCGCCTTCACGTTGATGAGCCCAGTTTCGGGAGTCAGTGTAGCAACCAGTCATTCATTTGTAGTCCCTGGGGAGGAGG
TGGCACTGACGGTGATGGCCGAAACAGGATTTCCTGCGACGATCGAATGGAGCATCAAGAACGGCCAGTCCGTTGTCTGGCAGATGCTGGCGCAGAGGCGTGGGAGACTACCTCAGGACGTT
GATCGGATTACAACATCTTTGTCAGACATTGGCGAGTTCCAAGTCTGTGCCAAGGTCTACAATAACTTCAGTTCTGAGGATGCCTGCACCAACATTACTACTCAGTATCCTGTTACATCTGTAAGA
CTAACATCAGATGCACCCATTAACTTCGCAGCTGAGCACAGGGTTGAATTCTCTGTAGAGTTTTTGGATAGGCCGATTCCTACCAGTATGAGGTACTACATGGACTTTGGCGATGGCATGAGTGA
TAATTCTACAGTTGTAGGGATCACACCCACAAGTCCGGTCCTCACCGTTCCCTACACCTTCACCGCACCAGGCATCTACTCTGCCAGTCTTCATGTCTACAATGACCTGAGCTCCATTCATGAAG
ACATCAGCGTAGCAGTACTGCAGCCAATTACCCACCTGACTATGCGCCTGTCTCATCACAGTGGAATCTACTTTCCAAGTCGTGAGACAGATTGGTTTTGGCAGGAACCACCTTTCACCCATCC
GCTGGTGACTGAAAATATATACTTAATTGAGCTACAAGGAACTGGCACTGTACAGCACGTCACTTGGACAATTACCGGAGAAAGTTACGAGAACCATATCAACACCACCGGGAGATCCTTGGTTT
TCAAGTTTCCCTCTGACGGCACTTTCAGAGTACAAGCCAAGGCTGGAAATGCCTACTCCACCTTCACAACAGCCGAAGCATCCGTGATGGTCCTTGATGCTATTGTGAATCTGTATCTGATCAGC
AACAGTCCCGGAACCAAGGAAGAATCAATCACATTTCTGGTTCTTGTGGAGGAGCTTGGCTCAAACTCGTCATTCAGCATCAACTTTGGGGATGGGTATTCAGAGCCGGTACCTGAACCCCAGC
GCGACATCGACATGATGCAATTTGTGCCAAAGAACCTCGCTCTGCCGACAGATCCGGCAAAGTCCTACGTCACAATTATGAACCACAGTTACGCCGAAGTCGGAGTCTATGCCCCCAGGGTTA
CCGGCTTGAACCCAGCCATGGAATGGATCGCCATCACCTATGTGTTTGTGCAGGATGCTGCCCATATCTGCAGGATACCAGTCATTCACATTACGGATGGTGGCAGTAGCTACTATCTGGCAAA
GAAGTACAGCCGAAGTAAAGCATTTGTCTTTGGGGCATCGGTTCAGATAACCTGTCCACAGGCTAAGAAGGCCCACTATCAATGGCGGGTCTATAAAGTTGGCAGTTTATTCACTGTCCCTAGT
CCATCGAATGAGGTTAACCTTCCGTCAAATGTCATCACACGAACTGCCGATATGTACATTCCTGGGTTCACCCTGGGTTATGGCATGTACATCTTCCAACTCACAGTCACCTTGGTGATGAAGGA
TGCAGGTGCGGCCAATGTGGAGAACGTTGCCCATAGTTACATCGAGGTAACCCCTGCTGACCTTGTTGCTAGGATCACAGGAGGTTCAGCATTGGCAGTTGGCTGGTATTCCAATATTACACTG
GATGCCTCAGACTCCTACGATCCTGACCAAGCGCCTGGTATGGCAATGCTGGGACTGAGCTACACGTGGTACTGTCGCCGATCCAATGAGTCCTTTCCTGAGAATATGACAGTGTTGGCTCAC
AACCACCTACCATCTACAGGTGGCTGTTTTGGGCAAGGATTTCTTCTGTCAGAGACCAGTAAGCACTCAGTGATTATTCCAGCTCAGATGCTGGAAGGCAGCCAGGAATACGTTATCCTTCTGAA
ATTGTCAAAGACCGGTCGTAGGAATGCGTATGCTGAACAGACGGTTACCATTCTGCCTGGACATCCAAACACCATTTACATAAGGTGCCTGACTAACTGTGGAGCCCAGATCAACCCATCGGCC
CGACTGGTTCTGGCTGGACGGTGCCCTGAATGCACAGCTTCCACACAGCCTTACTTTGAATGGACAGTGAGATCAAGTAACCAGACCACAGCAACGCAGACCTTAGACTGGGCCAGGGACACC
ACAACTGGACAACGTAGCTCTTACCTTGCCATCAAAGTGGGTACTTTTGCCGGATCGGGCGACGAGATATACACCGTGCACCTACAAATGCAGAGCAGGAGTGGATCTAGCAGCTTTGCAGAG
TACAAGTTCACAACAAATTCCCCGCCGACGGCAGGCAACTGCTCCATCACACCAACAGAAGGGGTCGTCCTGACGACACGCTTCTCTATCATCTGTGAGCACTTTGAGGACATCCACACCCCTT
TGACTTACGAGGTGCATGCTGTAACGGAAGCCAAGAGTTCTGTGGTGGATGGTGCACTTGATGCGTCAGTGGAAGGTATTCTCTTGTTCTACGGAGTGGACCCCAATATTCCACCAATCTTCCT
CCCTCTTGGCAAACCCAGTCTAGATTACAAGCTAGACATCAAGATTAAAGTGACTGATTCCCTAGGGGCAAACGTCTACACTTGGATATCTGCAAAGGTTCATGAGGATGAAAGCAGCGACGTA
GAGGCACTCGCTCTACAACTGACCTCAGACCAAGACTCCCAACTTAACCAACTGCTGGGAGAAGGTAACATCCAGACAGCTACGCAGGTCATCACTGGTGTCAGCTCCATGCTGAATCAAGAG
TCAGAGAGGGACAGTCAGCATGAGGATAAAGGGGAATATAATGAGACCATCAGGCAGCAACACCGAGCAGAACTGGGACAGAAGAAACAGAAAAGAGTGCAGGCTAGGGAGTCACTTCTTGC
ACTGCTAAGTAAAGTGGAAGTCAACAGCCTGGAATCCATACAACTCACTTCATCTGCCATCTCCCAGGTTACCAGTAAGAGAGATGAAATATCTCCCCTAGCACAGGTATCTACTGCTTCTGCCT
TTGTGAGCATGGGTTCCAGGCTGAAGGAGCAGGCTGATTTCGGAGTGGGTGGAGAGGCGGTAGAAGGGGCAGCAAGTTTCATGGTATCGGGATTGTCCAACATCATGACGTCTGCTACCTTC
AGACAAACTGACAATGCCTCAGACGTTCAGCTGCCATTAGATAATGGGAGGGCAGAACAGATGCGTAATGTTACTCTGGCCTCCTTGCATGCCCTGGATGATGTCCAGGCAGCCGTCCTTCTCA
ACAAGGTGCCAGGGGAGCAGCCCACCGTCCTACAGACCGACTCACTCTCTGTCATCCTGCAGAGGCAGGAGAAGGGTAATCTTGACGGACTGGTGCTGCAGACGGAGAACTCAGATGTGGTC
TTCAGACTGCCGGCTGGGATAAGCACAGCTATCGACCAGCATCATTCAGCCTCATATGACGAAGTCATTGACACACAGATTCACCACTTCCAACAAAACCCCTTTTCGTGGACTGAAAGCAGCA
GCATGGTGACAAGTCATGTGACAAGCCTGAGGCTGGGGCACGGCAGCGACCAATCAAATATTGCCGTGCACAGTCTTCCACAAGACGTGGAGATAATAGTGACCAATGGCGGCAGTGCAAATC
CAGTCCTCCTCCAACCGCTGGCCTATAAGCAGAGCAATCACACAATCTATGCATTCAATCTGACCAATTGGGATGCTGCCGTCACTGTGAAAGTTCAACTGAACCAATCATCGGAGCTGACGAA
AATACCCCCACTGAGTTTATGCCTTCAGCTTGAATTGGCAACGAACAATACCAACCCCCCATGCAAAGCATCAGTGACTATGCCAAGGAATGCACCAGATGGGCATTTCTCATTGAATAACACAA
ATATGACCTTTGATCCGTATCTTTGGGTTATTCCAAGTGAGGACCTTCCAGAAGCAGGGGGATATTTCTTGAGGATGGATGCAGGGGATGCCATTGATATTGCAGAGCAAATTCTGGTGTATGGT
TTCAGCATCCAATGTCTGTTCTGGGATAAAGTGAGGGAAGAGTGGCTGGGTGACGGCTGCCAGGT

I) Bindin Cryptasterina alignment of individuals

>Bindin|Cryptasterina_hystera_1_allele1|TRINITY_DN17337_c7_g2_i2
GCACCTGAACCAGTTGTAACAGAAGCACCTGAACCAGTTGTAACAGAAGCACCTGAACCAGTTACAACAAAACCACCTGAACCGGCTGAAACGGAGACACCTGTAACAGTTGAAACAGAGACAC
CTCAATCGGTTGAATCAAAACTACTTCAACAATATTTAGGTGAAAAAGGGCCAGAAACGAAACCTCCGGCAGAACCGGAAAAAGAGGAAGAAAAAGCTGAACCAGAAGTACCGGCGACAGGAG
AACCGGAAACGACAATGCTGGGGACACAACCACCAGAAGTTACAACGGAAACAGTCGAGTCGAAAGCTGAACTAGCGAAAATTGATGAGAAATTAATGAAAGAACTCCGTGACCTTCTGGAAGC
GACAAAGATTGACCTTCCTGTTGATATCAATGATCCATATGATCTGGGTCTTCTTCTGAGACATTTACGTCACCATTCAACTCTTCTGGCTCGTATCGGTGACCCAGAAGTCAAAGACAAAGTCCT
TAATGCCATGAACGAGAACGACAACTCAGATTTGAGCATCAAATATATAACACCGAAGGAGGAG

>Bindin|Cryptasterina_hystera_1_allele2|TRINITY_DN17337_c7_g2_i2
GCACCTGAACCAGTTGTAACAGAAGCACCTGAACCAGTTGTAACAGAAGCACCTGAACCAGTTACAACAAAACCACCTGAACCGGCTGAAACGGAGACACCTGTAACAGTTGAAACAGAGACAC
CTCAATCGGTTGAATCAAAACTACTTCAACAATATTTAGGTGAAAAAGGGCCAGAAACGAAACCTCCGGCAGAACCGGAAAAAGAGGAAGAAAAAGCTGAACCAGAAGTACCGGCGACAGGAG
AACCGGAAACGACAATGCTGGGGACACAACCACCAGAAGTTACAACGGAAACAGTCGAGTCGAAAGCTGAACTAGCGAAAATTGATGAGAAATTAATGAAAGAACTCCGTGACCTTCTGGAAGC
GACAAAGATTGACCTTCCTGTTGATATCAATGATCCATATGATCTGGGTCTTCTTCTGAGACATTTACGTCACCATTCAACTCTTCTGGCTCGTATCGGTGACCCAGAAGTCAAAGACAAAGTCCT
TAATGCCATGAACGAGAACGACAACTCAGATTTGAGCATCAAATATATAACACCGAAGGAGGAG

>Bindin|Cryptasterina_hystera_2_allele1|TRINITY_DN15176_c13_g2_i2
GCACCAGAACCAGTTGTAACAGAAGCACCTAAACCAGTTGTAACAGAAGCACCTGAACCAGTTACAACAAAACCACCTGAACCGGCTGAAACGGAGACACCTGTAACAGTTGAAACAGAGACAC
CTCAATCGGTTGAATCAAAACTACTTCAACAATATTTAGGTGAAAAAGGGCCAGAAACGAAACCTCCGGCAGAACCGGAAAAAGAGGAAGAAAAAGCTGAACCAGAAGTACCGGCGACAGGAG
AACCGGAAACGACAATGCTGGGGACACAACCACCAGAAGTTACAACGGAAACAGTCGAGTCGAAAGCTGAACTAGCGAAAATTGATGAGAAATTAATGAAAGAACTCCGTGACCTTCTGGAAGC
GACAAAGATTGACCTTCCTGTTGATATCAATGATCCATATGATCTGGGTCTTCTTCTGAGACATTTACGTCACCATTCAACTCTTCTGGCTCGTATCGGTGACCCAGAAGTCAAAGACAAAGTCCT
TAATGCCATGAACGAGAACGACAACTCAGATTTGAGCATCAAATATATAACACCGAAGGAGGAG

>Bindin|Cryptasterina_hystera_2_allele2|TRINITY_DN15176_c13_g2_i2
GCACCAGAACCAGTTGTAACAGAAGCACCTAAACCAGTGGTAACAGAAGCACCTGAACCAGTTACAACAAAACCACCTGAACCGGCTGAAACGGAGACACCTGTAACAGTTGAAACAGAGACA
CCTCAATCGGTTGAATCAAAACTACTTCAACAATATTTAGGTGAAAAAGGGCCAGAAACGAAACCTCCGGCAGAACCGGAAAAAGAGGAAGAAAAAGCTGAACCAGAAGTACCGGCGACAGGA
GAACCGGAAACGACAATGCTGGGGACACAACCACCAGAAGTTACAACGGAAACAGTCGAGTCGAAAGCTGAACTAGCGAAAATTGATGAGAAATTAATGAAAGAACTCCGTGACCTTCTGGAA
GCGACAAAGATTGACCTTCCTGTTGATATCAATGATCCATATGATCTGGGTCTTCTTCTGAGACATTTACGTCACCATTCAACTCTTCTGGCTCGTATCGGTGACCCAGAAGTCAAAGACAAAGTC
CTTAATGCCATGAACGAGAACGACAACTCAGATTTGAGCATCAAATATATAACACCGAAGGAGGAG

>Bindin|Cryptasterina_hystera_3_allele1|TRINITY_DN16124_c6_g3_ il
GCACCTGAACCAGTTGTAACAGAAGCACCTGAACCAGTTGTAACAGAAGCACCTGAACCAGTTACAACAAAACCACCTGAACCGGCTGAAACGGAGACACCTGTAACAGTTGAAACAGAGACAC
CTCAATCGGTTGAATCAAAACTACTTCAACAATATTTAGGTGAAAAAGGGCCAGAAACGAAACCTCCGGCAGAACCGGAAAAAGAGGAAGAAAAAGCTGAACCAGAAGTACCGGCGACAGGAG
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AACCGGAAACGACAATGCTGGGGACACAACCACCAGAAGTTACAACGGAAACAGTCGAGTCGAAAGCTGAACTAGCGAAAATTGATGAGAAATTAATGAAAGAACTCCGTGACCTTCTGGAAGC
GACAAAGATTGACCTTCCTGTTGATATCAATGATCCATATGATCTGGGTCTTCTTCTGAGACATTTACGTCACCATTCAACTCTTCTGGCTCGTATCGGTGACCCAGAAGTCAAAGACAAAGTCCT
TAATGCCATGAACGAGAACGACAACTCAGATTTGAGCATCAAATATATAACACCGAAGGAGGAG

>Bindin|Cryptasterina_hystera_3_allele2|TRINITY_DN16124_c6_g3_il
GCACCTGAACCAGTTGTAACAGAAGCACCTGAACCAGTTGTAACAGAAGCACCTGAACCAGTTACAACAAAACCACCTGAACCGGCTGAAACGGAGACACCTGTAACAGTTGAAACAGAGACAC
CTCAATCGGTTGAATCAAAACTACTTCAACAATATTTAGGTGAAAAAGGGCCAGAAACGAAACCTCCGGCAGAACCGGAAAAAGAGGAAGAAAAAGCTGAACCAGAAGTACCGGCGACAGGAG
AACCGGAAACGACAATGCTGGGGACACAACCACCAGAAGTTACAACGGAAACAGTCGAGTCGAAAGCTGAACTAGCGAAAATTGATGAGAAATTAATGAAAGAACTCCGTGACCTTCTGGAAGC
GACAAAGATTGACCTTCCTGTTGATATCAATGATCCATATGATCTGGGTCTTCTTCTGAGACATTTACGTCACCATTCAACTCTTCTGGCTCGTATCGGTGACCCAGAAGTCAAAGACAAAGTCCT
TAATGCCATGAACGAGAACGACAACTCAGATTTGAGCATCAAATATATAACACCGAAGGAGGAG

>Bindin|Cryptasterina_hystera_4_allele1|TRINITY_DN19425_c5_g1_il
GCACCTGAACCAGTTGTAACAGAAGCACCTGAACCAGTTGTAACAGAAGCACCTGAACCAGTTACAACAAAACCACCTGAACCGGCTGAAACGGAGACACCTGTAACAGTTGAAACAGAGACAC
CTCAATCGGTTGAATCAAAACTACTTCAACAATATTTAGGTGAAAAAGGGCCAGAAACGAAACCTCCGGCAGAACCGGAAAAAGAGGAAGAAAAAGCTGAACCAGAAGTACCGGCGACAGGAG
AACCGGAAACGACAATGCTGGGGACACAACCACCAGAAGTTACAACGGAAACAGTCGAGTCGAAAGCTGAACTAGCGAAAATTGATGAGAAATTAATGAAAGAACTCCGTGACCTTCTGGAAGC
GACAAAGATTGACCTTCCTGTTGATATCAATGATCCATATGATCTGGGTCTTCTTCTGAGACATTTACGTCACCATTCAACTCTTCTGGCTCGTATCGGTGACCCAGAAGTCAAAGACAAAGTCCT
TAATGCCATGAACGAGAACGACAACTCAGATTTGAGCATCAAATATATAACACCGAAGGAGGAG

>Bindin|Cryptasterina_hystera_4_allele2|TRINITY_DN19425_c5_g1_il
GCACCTGAACCAGTTGTAACAGAAGCACCTGAACCAGTTGTAACAGAAGCACCTGAACCAGTTACAACAAAACCACCTGAACCGGCTGAAACGGAGACACCTGTAACAGTTGAAACAGAGACAC
CTCAATCGGTTGAATCAAAACTACTTCAACAATATTTAGGTGAAAAAGGGCCAGAAACGAAACCTCCGGCAGAACCGGAAAAAGAGGAAGAAAAAGCTGAACCAGAAGTACCGGCGACAGGAG
AACCGGAAACGACAATGCTGGGGACACAACCACCAGAAGTTACAACGGAAACAGTCGAGTCGAAAGCTGAACTAGCGAAAATTGATGAGAAATTAATGAAAGAACTCCGTGACCTTCTGGAAGC
GACAAAGATTGACCTTCCTGTTGATATCAATGATCCATATGATCTGGGTCTTCTTCTGAGACATTTACGTCACCATTCAACTCTTCTGGCTCGTATCGGTGACCCAGAAGTCAAAGACAAAGTCCT
TAATGCCATGAACGAGAACGACAACTCAGATTTGAGCATCAAATATATAACACCGAAGGAGGAG

>Bindin|Cryptasterina_pentagona_6_allele1|TRINITY_DN18291_c6_g1_il
GCACCTGAACCAGTTGTAACAGAAGCACCTGAACCAGTTGTAACAGAAGCACCTGAACCAGTTACAACAAAACCACCTGAATCGGCTGAAACGGAGACACCTGTAACAGTTGAAACAGAGACAC
CTCAATCGGTTGAATCAAAACTACTTCAACAATATTTAGGTGAAAAAGGGCCAGAAACGAAACCTCCGGCAGAACCGGAAAAAGAGGAAGAAAAAGCTGAACCAGAAGTACCGGCGACAGGAG
AACCGGAAACGACAATGC