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s

The purpos2 o2f <his thesis was %o investigate the

genetic organization cf *he upc-22 region on chromcsome

IV in the free-living nematode Caenorhabditis elegans,

Furthez, it was hoped :hat some unders=anding of <he
L \ o ) . N

role of the unc-22 gene product in th=2 ontogeny of the

rematode migh+ 2merge from *his study.

A gene+ic €fine-structure analysis of the unc-22
3 ) ) - ————————

gere showed several si*es ¢ be separable by
recombination, Fif*een alleles were mapped within zthe

locus, ore of wkich was +the dominant allele m52. Map

distances betweern alleles were comparable o <hose”

- 13

! ' . 3 . 3 *
associated wi+h intragenic recombination in Drosophila

melarnogaster, indicating that genetic fine-structure

3

analysis i1s faasible in C, elegans. Evidence of

possible gene conversicn was also fourd, & preliminary

estima+ts of <*he unc-22 gene size is 1-2 x 10-2 map
- . ’ &

units,

° /
/

/

A number of unc-22 allelestwergfggsted\for

suppreéssion by the informational suppressor

sup-5(el464) . Of cleven mapped alleles and fifteen™ -

unmapped,aylelés, orly one, s32 was suppressible,

iii



T examins *hs region around the unc=-22 locuﬁ,'
le+hal mu<a+icns and deficiencies weres isolazed,
Lethals were induced usinq;the mut;gen,vethyl
metﬁane-sulfonaté (EMS), while deficieﬁgies were
induced wi+th 0,1% %é:maldehyde.'The effec+ive lethal
phase of *he la2+hal mu+ations ranged from mid-embryonic
“o adul® and *hree of these mu:atiogs were temperéture
sensitive, Twc cf =he le-hal mutations appeared *c
identify the‘adjacent gen;s to eiéher side o% the

unc=-22 si+te (le+t-56 tc +he lef+ of unc-22 and let-52 oo}

‘
.-

*he right). One of +he lethal mﬁtations, §g§f which
mapped within 0.5 map units of unc-22,-qas epistatic to
%he unc-22ﬁlocus. While isblating the lethal

mutaticns, four rew EMS induced wvisible mutanté\linked

“0 chromosome IV were isolated, Two of *hese 'displaced
L J

vuiva' and 'spe%ty', repres=nted new phenotypes.

s

o)

B

eversion studies of unc=22(s12) revealed six F1
e . :

'rever=ants' in-8 x 105 tested chromosomes, All six’
nappéd <o linkage group I ard were allelic to unc=-54, a
gere ccdinq~for'myosin. Morphological studies suggested

- +hese new allelss were unlike any préyiously idéntified

- _ +

alieles of this gene. Cne of these mutations, ' -

unc=54 (s74), was tested for its ability to'supp:esé

Ead

iv



Ve 2

muscle *witching indug@d by various ﬁnc-22‘alleles.

,,,,, o . IR R L
Al-hough suppressing #T1 unc-22 mutations, s74
. —_—_—t< =

exhibited an allele specific pattern of suppression.
That is, depending on *he unc-22.allele, *the pattern of
suppression was dominan*, semi-dominan%, or recessive,

These differen* patterns of suppressién allowed the

unc-22 muta*ions *o be ranked according *to their degree
cf sewerity., No correlation. was found be<tween %*he map

positicn on a fine-structure map of an unc-22 allele

and its pat+ern of suprression.

[

These gene:tic s*udies, as well as evidence from

merphological cbservations and pharmacological :ests,
sugges* that +he unc-22 gene produc+*t is localized +o
muscle cells, and “ha* it is intimately involved in the

prccess of ccntractiorn.

Ml
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The process of cellular‘aifferentiation is one of
the-most intrigu4ng preblems invcbntemporary b*o;ogy.
'ghe 1mportance of understardlng the prccess of
ai ffe:en ia+ion has been “ecogrlzed fcr scme time, as
1s evidarnt from the followrng statemgnt by Auguste
Weismdn, "i} we could s==s therﬁeterminénts, and
recognize di:e¢tly,their‘atrangement in. the germ=-plasm
aﬁd theiriiﬁportance in ontogeny, w2 could doub*less .
understand many ¢f the phenomena of ontogekf and their
felationshiprto pkylogeny uhich mus* otherwise-rémaiﬁ a
riddle," (Weisman, 1304; cited in Gould,71977).

wéisman recognized that <he problems>of‘
dnvalopment and he*edl y are intimately connec+ted.
Several of the °arly gcne ‘c1s s recognlzed thlS'
relationiship and *ried to_explaln developmental
processes based cn what Qas then’gnownﬁabout the gene
(Weisman's determinénts); L. C. Dunn (1317, qiéed“in
purn, 1965) was, pafhap§, the first to suggest that
"ch:omésgmalrgenes.contrql steps in development, and
later ﬁicha:d Goldéchmidt hypoﬁhesized'the 'rate gene5

~ to explain how a gene could cgntrol develcpmeni (1518;

-

1938; cited in Hadorn, 1961). His idea was that, ."The

-



mutant gene produces ifs effect, the difference frem ~ .
*he wild-type, by changing ‘he Tate of partial

preccesses of developmen*, These migkt be rates 9f o
growth oi diffsrentiation, rates of production of

stuffs necessacy for diffgrenﬁiation, rates of

reactions leading to definite physical or chemical S
ituations a* dzfinite <-imes of develorment, rates of
+hose grocesées which are responsible for segregating

“he embryonic potencies a+ definite +imes,"

_(G»c’ldschmi-dt, 1938; cited in Gould, . 197%) The most

pene+rating =questﬂon concorn_ng genes and

devclopmen*al processes, was offered by T, H. ﬁorqanA

(193u) who wrote ‘MThe visible differantiation cf the

rgmbryonic cells takes place in the pro*oplasm, The most’

cocmmnn gene+ic assumption is that the genes remain/{hs

-

same +hrcughou* +his time. It is, howcver, concalvablp

that the genes also are bu l&lng up more and more, or N

are charging in some way, as develcopment proceeds in
response *o that part cf the protoplasm in which they , L

come tc lie, and *hat these changes have a reciprocal

(4

influence cn thes  protoplasm.”

3

Morgan.realized that genes mus* somehow change

rduring developmeﬁt. Today this concept is known as the

variable gene activity +hs2ory of differentiation

-



(Markert énd‘Ursprung,l1971; Davidson, 1376) . This

thecry states +*hat cell Jdifferentiation is based orn the

E S s
o R - . ) L o » 5 4
reqgula+tion of gene activity i.e, for each s+tate of
differentiation a certain set of genes is active.in
*ranscription and other g2nes are inactive. Over the

i 7 A , ] .
years suppcrt for +this view has come from many lines of

vesearch (reviawed in Davidson, 1376) . Crucial suppor=
comes from the work of Mirsky arnd Ris - (1949) who

demonstrate that *he DNA content among-differentiated

diploid cells of an organism is constant, This

E] ——

sffectively rules out ‘chromosome diminutibﬁ as a. common
means cof differentiaticn, THe nuclear transplantation

experiments c¢f Gurdon and his co-workers (1374, for a 5

v
>

review) makes =<his samz poin: by demonstrating that
differentia+ion is not an irreversible event, but that
nuclei from differentiated cells when injected into a

5

mature eqgg can diractt the entire developmental'program.

-

Variébilit in transcription has been demonstrated
by RNA-DNA hybridizaticn s:udies aﬁd by in vitro
translation of specific mRNA's from digfeientiated
cells,'Evidence from RNA-DNA hfbridization stﬁdies

indicates much of the ‘DNA in differentiated cells is-

1

not *ranscribed, For example, mouse livér_(ﬁutlear) RNA

hybridizes wi*h only 2-5% of mouse single copy DNA



-

n

1

)

’(Brdwn»aﬁd Church, 1972; Gfodse et’al.},1972y.

Compariscrns of RNA pbgulaﬁions aJOng diffe:entiafed

>

‘cell types shows that *he RNA is qualitatively

[

different, althcugh there are some overlaps. Both
» . . - 7 l‘ . \\ . \ M .
repetitive and nonrepeti“*ive saquence DNA transcrigzs

d$monst:ate +his difference (McCar=hy and Hoyer, 1964;

LDavidson et al., 1968; Brown and Chuzrch, ]972;fGrouSe

s «

e+ al.,, 1972). Sﬁecifi¢ mRNAis, for examéle.hemoqlcbin

ahdvdvalbuﬁin mRNA; are‘tissueispeciﬁic; (Axel et al.,.
1973; Palniter, 13973; Rhoades et al., 1973; Hunt, 1974
Grcudine and Weintféub, 1375) and al;c,‘the p;odﬁétioﬁﬂ
of +t+hesa mRNA's 1s an inducible'pheﬁgmena (Palmiter, |

1373; Gilmour =% 21,, 1374).

All these observations point %o differential gens

“ranscrip+ion"as *the me*hod of cell differenzia*icn.

These observa*ions do neot elucidate ary of the

-molecula- mechanisms by which gene expression is

contrélieéi»Several modelsffor transcripticnal contrcl
in euca:yotQS»have‘been pfoposed.(Britten and Davidson,
1969; Georgiév, 1969; Crick, -1371). These models are,
for the most paft, modifications.bf the'obéron thecry
originally propésgd by Jacob and Mohédv(1961) to
explain ccntrél of gene transé:iption in procaryotas.

Evidence in supporé of any pacrticular model of gene
. ;- - . _



‘reQUlétion in‘euéaryotés is nonfexisteﬂt. At present we
dd_no;‘umﬁe?stand ~he meihodvof tfagscf;ptional
reguiation‘cf a single gene‘in éubaryotes. The
cbje;tive cf»fhis'thesis has been to develop a system
‘>uhich wﬁdld élléi‘fér éuest%ons pertaining to gencmic
o:ganizatibn,7:ranscrip:ioﬂaliregulation and cell

differentia+1on te bc =xplort=d.;Tho assump+1on irherent

&

in ‘hlc apprcach has been +ha* it should be p0551b1e +cr»‘ﬁy.

dlssect out thz gene+1c spec1f1ca ions for devolopmanb

-

in the same way *ha— the bi osynth tic pa*hways in

.bac*teria ard the assembly pattern in bacteriophage havse
[=] 1 o
been analyzed, op

The ®rganicm used in thf%.study was the

ffee?iiving ﬁematode Caeﬁorhabditié‘eleqans (Maupas).
The nematbde has a long‘history as a useful crganiém
for the study of development. As early as ;671 0t+o
+schli was using free-1l:i v1ng nemat odes,;oyéfudy tha
mechanism cf fer+i l’Zat on (c1_ed in Goldcchm*d‘.
1356) » He chose *the nematode because i+ was,
transparent, Th;odo: Bovéri also chose tc work with a
rneratode for his studies on cell-divisicn and nuclear
morphology (188741907)f For his 'work he used an ascarid
parasite of horses (for destails, sees Jacob, 1373). Karlv

-

Belar, between 1910 and 13930, apparently was the first



to.recognize =zhe poten+ial usefulness of the nema*cde

P

1T

’vfor geneti$ studies freCOrded'in Goldschmidrz, 1356);
Belar used frée-living‘nematodes in his stﬁdies on

mitosis and éhe genetics_of nutiifiéh,‘and according o .’
"Gold3chmidt‘hé=Cﬁiturfd them cn ‘agar plafes.v/th until
1950 (Nigoh and unghéity, T?éO)‘was theAEirst‘néqatodew

+

hutant,isQlath, and this arose spontanecusly. At this

time Nidbﬁ‘ahd Déughef%y:pointed:out'thai “he
free-1iving némafode had several *raits that pade it
useful for genstic studies. Howevér, it was not until
the‘ppblication'by Brenner (le&y/of hisywoﬁk on *he

geretics of C. elagans, in which he id=ntified cver 100

genes affec=ing morphology and bahaviourz, *that the wornm
becam=2 established as an organism for the study of
genexic crganiza*ion and development.

‘-J

‘There are several reasons for using the nsmatcde
in a d=2valopmental genetic study. The adult worm has

.only abou* 800 somatic cells (Suls*on and Horvitz,

-
o d
. \m\j)

1977) . This can be compared to Drosophila which has

abou« 3,2OO “0 3,500 cells at the blastcderm s*tage

-

alcne (Sonnenbick, 1350). Although having few g
+he anatomy of the worm is sufficiently complex
~+he major differentiated <issus typss of nerve, muscle,

hypodsrmis, in“*es+tine and gonad. Perhaps “he most

i
.



impertant poinr+* is *ha* “he cell lineage is almost
entirely described (Déppeveﬁ,al., 1978; Sulston and
Horvi+z, 1977)., This has been possible because of the

worms anatomical simplicity, i+s <rarnsparsncy, and P

because cf *he use of Nomarski interference micrcscepy,
all of which make I+ relatively easy =o monitor cell
- division and follow +he movement of individual cells.,

The nematode is easily cultured in large numbers. Its

short genératicn *ime (3 1/2.days a*t 20 degrees f

\fentigraQG), large brocd §iz€ (aﬁpfogihately 250
e prbgeny3 and the)eése with which it can be mutated make
~it’ideaiifdr genetic Stuhies (Brenrer, 1374), Since i+
N is a self-fertilizing hermaphrodite, mutan* stocks arce
easily maiptained and males are‘readily inddéible, or:
. can be maintained as sta2Cks., Chromosonms2 raarrangéments,
including *ransloca*ions, inversions and deficiercies,
are évailable in tﬁe worm (Herman <t al., 1976;_He:man,
1978; Meneely ;nd’Herman, 1379; Moerman and Baillie, in
press). The DNA conéent éf the worm is known (haplcid
DNA'ccntén: equals 8 x 107 bass péirS)'ana some‘&ata
afé available on i<s mclecular organization (Sﬁlstcn

<+~

and B:enher, 1374; Schachat et al,, 1378; Emmons

i}

al., 1379). All together this makes <h2 nematcds an
impertant organiém fcr studying the fundamental laws

governing develcpmen=,



My approach “c¢ *he problem of genomic organization

&

‘and regula*icn cwes much ‘tc the previous work dcre on

Drosophila melanogaszer by Hcchman (1971){ Judd e+ al,

(1972) and Chovnick 2+ al. (13977). Inaeed, their

+echnigues fcr analyzing le+thal muta*io

s

and for

gene-ic fine-s+=ruc+ure mapping have been essemtial in

*his resszarch., The cen*tzal locus inves+tigated in <his

study was *he unc-22 gene on linkage group IV (Brenner,

.1974; Mcerman and Baillie, 1373). This

=0 have a cole in muscle struc:ure and
homczygous for a mu“a=ion in +his qéng

charac*eris*ic +“witching pat*ern along
A
musculazure, and morphclogical studies

function. Wcrms

)

.gene is beslieved

display a

the body-wall

of

~hese wcrms

reveal <that their bedy-wail muascle filamen®t structure

ig disnrganized,

The eventual goal is o unders*and hcw *he unc-22

gere is regula*ed during development; but first i+ is

+

necessary *o unders+and the genetic organization of

*his locus and its relationship “o other elemants

wizhin the genome., This szudy has accomplished a -

significant por*ion af this lazttsr *ask +through the

cors=ruc=ionn ¢f an ex“2nsive fins-stzucture nmap of *the

unc=-22 gene, +“he identifica=ion of several essential

~

@



-

loci linked to it, and@ the demonstration of gene
snteractior involving unc-22 arnd various gemnes

affecting muscle struc+ure and function.

~




Materials and Methods.

(i) Nema*ode strains, media and culture

conditions: NG agar as described by Brenner (1374) was

used throughout this study. E. coli (OP-50; a uracil
auxotroph) in nutrient broth (Difco) at 2-3 x 108

cells/ml were used for streaking plates. 100 mm Petri

plates were used for the maintenance of the strains (at

16 degrees centigrade) and for the isolation of

mutations, C. elegans has two sexes: self-fertilizing

hermaphrcdites and males. The wild-type hermaphrodite
stock, N-2-S5, was derived from a single N-2 from the
Cambridge stock collection in 1373. N-2-S male stocks
were maintained by crossing males (5AA,X0) to N-2-S
hermaphrodites (5234,XX) each generation, The mutant
strains employed in this study are listed in Table 1.
Basic methods of nematode gemnetics are described bty

Brenner (1974).

(ii)Induction and isolation of unc-22 nutaticns:

The mutagen ethyl-methanz sulfonate (EMS) was used.
N-2-S worms were washed from stock plates with M-3
buffer (Brenner, 1974) and collec<ted after
centrifugation (200 x g). These worms were then

suspended in ei*her 0,05M EMS (20 lambda EMS into 4 ml

10
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Table 1.

kkxk g

isola+ed a* Simon Praser, Canada,

Muta*ions used., * V R
" Linkage group¢ gene allele
X unc=-3 . ** 2151
I dpy=5 %1
lev-11 88B
. - anc=-15 - e73, =l1214
/" unc=35 2259
unc-54 ©190, s74, s715, s76, o '
_ * Rk s77, s718, s%5 -
ync=-59 2261 . ’ :
11 dpy-10 128
I dpy=-18 364
: . sup=5 el1464
Iv ipy=-4 " 21166
- dpy=-9 U2y !
inc-5 2152 ,

- unc-22 66, s7, s8, sl1, s12, s13,
si4, s15, sl6, si17, s18, s19,
s20, s21, ‘522, s23, s32, s34,

- S s35, s36, s55, mb2 ***x.
unc-26 . e345, €205
unc=30 318 _
- unc-31 €169 '
unc-43 2266
tra=-3 21107
v dpy-11 e224
sup-3 elMOS, elluo?
*This +*able doss nct 1nclude the lathal mu+a+1ons. These
are listed inr Tables, 11 and 12.
%% e; isolated a+ Cambridge, England.
***a§i¢1501a*ed a* Columbus, Missouri, U.S.A.”



of M-9 buffer)_,' 0,025 M EMS, or 0.0125 EMS. After
hrs.-af 20 degrees C. .thay were removed from the EMS
solution with a Pasteur p1pette and spouted onto, a
Petri plate, After épprox;;ately one hour} fodrth stage
larvde and‘yoﬁng aduit worms were placed (20/plat§)von
Pefriiplates3Hithula!ggWofﬂgk:SO.,These WOIrmS Were 1Efi
to lay eggs for 24 hrs. and were then removed. Three
days later the F1 pfogeny were screened fof patative

unc-22 mutants. .

) o ;
To screen the F1 progeny of the mutagenized worms
fer puta ive mutat.;onc in +he unc—22 gene I took
advantage of +he dlffe*ent behav1ours exhlblted by
wild-+ype and tw1tcher vorms in a 1% solutlon of
nicotine alkaloid (Sigma Co.). Worms, when either
homozygous or he*erozygous for an allele of the unc122
gesne, twitch in a 1% solutioﬁﬂéf nicotine, whereés
wild-type worms in this solution become rigid. Using
nico;ﬁne, T cculd screen for twitchers in the FI ;
generétioh. To insure that all new mutations wére
independer+tly induced alleles, only one mutagt was
taken per E;;ﬁﬁ?s?fior to any further examination these
new mu*ants were outcrossed to wild-type méles and
allowed to resegregate from the F1 progeny. A stock of

+he mutant self-fertilizing hermaphrodite was then

Y
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Q

‘established.

(iii) Construction of triple mutants: Triple

mutants of the following genotype,

8

unc-5(e152) ,unc-22(sx),dpy-4(e1166), were needed to
position the twitcher alleles rélé?ive to0 one another.

These triple mutants .were constructed using the

v

following protocol, Homozygous twi+tcher hetmaphrodités'u E

—

were outcrossed *o N=-2-S males, The Fi malé progeny
were then mated *o hermphrodites that were homozygous

fqr_dpy-u(ej166); From this cross young herhqphrodite

progeny *hat twitched in a solutidh of 1% nicctine iere
selected and arloqédto lay egas. When the latter had
grewn they were scfeenéd for dumpy worms that twitched
in the'1%,nicctine solution. Once found, the dumpy
mutants were pléced on a plate and>ailowed to lay eggs,
1/4 of which were expeﬁfed +c¢ be homozygous dumpy and
twitcher., The double dumpy *witchers were then o
outcrossed to g;g;g males, The F1 méle progeny'this’

+ime were crossed +o hermaphrodites homczygous for -

urc-5(2152). A 1% nicotine solution was added toithe
ﬁrogeny and again‘thé youné hermapﬁrodifes that
twﬁtched were selected andvallowed~t6 lay eggs.
Progeny from these eggs were allowed *o mafure épg;

unc-5 hermaphrodites that twitched in nicctine were



XY

muta+tions: To determine if a mutation ‘was on lirkage

seled;ed and placed on fresh plates. Apprqximatelyz1/u , | ,

of these unc-5 hermaphrodites progeny wers triple
) : ’

mutants., Individuals cf the genOtypé, unc-5(el152),

. upc-ZZ(sx),dpy-u(e116§1,,were'selected ?nd established

as a stock..

(iv) Maprpirng and[complementétion of unc=22

) -

qrouﬁviv, males of <he putative genotype : '

unc=22(sx)Iv, 4/ + + wers crossed to herma rhrodites that

Wwere +,dpy-ﬂ(é1165)}V/ +,dpy-4(e1166)IV. Young F1

hermaphrodi+es that %*wi“<ched in nicoéine_were picked.

This insured *hat these hermaphrodites would be

‘hetarozygous for bcth the *witcher and the dumpy

4

mu-ations, In a self-fertilizing hermaphrodite if +he
twitcher and *he dpy-4 gene were no* 1inkeaAone would
expect 1/16 of *he F2° progeny to be both dumpy and

twitching. The unc-22-g2ne, however, is about 5 map

uni<s from -dpy-4 (see Figure 1) . This means mutations

-

-1

defective in unc-22 .should produce double mutant

»

segregants wi*h a frequency of only 1/1600 in the F2

a8

generaticn., -

Genetic complemen<ation *ests were dore using the

~method described by Brenner (1374). ﬁeterozygqﬂs rale’s

-
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of ~he gcnotype unc-22(§x)/+ were\crossed to SO

-~

hermaph:odltes_of *he genotypa unc 22(sy) The Fl malcs
were‘scréehédftb determine if half of then were '
twitchers.

(v) Mapp;ng within,the unc=22 gene: Intragénic

mapplng Has dcner_n a manner s*mllar to a method
descr_bed to us by Dr. R. . H. Ha*erston (porsonal

communlcat;on). Young adul‘ hermaphrodltes of the

T

-genoctype - ‘

+ unc-22(syl1+/unc 5(e152),unc-22(sx) dpy- u(e1166) were
.

placea, one pcr 100 mm plate, a+ 20 dagraes C. and

allowed to‘;ay egg§<forr12 h:s; ‘hey_were then R
tfansfe;red_to a new pla+e, again'fdr?12 ﬁfs;\These'12
hr tgansfers weru‘don‘= until ‘here were 51x brood= |

est abglshed for cvé*y he*erozygods parent. The pla es
veTe lnft unt:l ‘he F2 ganeratlon ma*urééﬂand than
scored.. An estlmate of”the total number - of progep&
screeﬁed wés,obtained by the following hetﬁdd} For éach

brood progenies were ccunted from a random sample of

plazes (approximatély 10%) . The mean number of‘prcgeny

“per plate was determined.and this number was mpiéiplied

‘by‘tke number ¢f plates in the brcod. The bro ds were

e

then summed. Only werms 'in thevtpird larval or a later.

stage were count=d, since. screening of the plates was



done primarily a< a low maanfioation'and‘recombinants'
in earller larval stages would pOS:lbly have been«e

“:m155§§~ TC score For recomblnants we looked for wcrms:
. - I A

“that hereieither wila- +ype, dumpy, unc-é; or dumpy

“unc-5 in appearance, that ;s, aIl:non-teitcher

"phenotype _,d o - . ;f’lre S

(vi) Isolafion, mapping and characteriiation of

the unc-22 llnked le+hal mutatlons- EMS +rea ed (0. OSM

-

0. 025M) unc-22(s?) worms were ma+ed to u*ld type

males. In the F1 younq adulf outcross‘hermaphrodlte=

l eere selec*ed (Flgure 2) and placed one per plate at 26f;
degrees C., Af*ter 24 hrs. of laying eggs ‘hese.worms,
;wererremoved. The F2 uorms were- examlned to determlne
the’ratdo of.wlld-type to;mqtant (unc+22) progeny.vaev«>
ratiohalé‘BZhindlthiglprbcedure waé’that'if'aflethalv
.arose closely linked to unc-22 on llnkage group Iv,‘
distortion was expected in the ratlo of uncoordlnated e .
*o w1ld -type worms., That 1s,vthere should have been a}
dls+cr 1on in the ratlo +owards Hlld -type. Ind1v1duals

- shewing a w11detypeeto uncoordlnated ratlo of 100 to
one were de51gna*ed as llnked 1ethals. _Tovinsure also‘;

thatfsterlle.mutarlonsrin +he reglon were 1solated, all

plates giving a 3:1 ratio were examined for the
| ‘ &

.

..presence of fertile twitchers:
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Selection protocol for unc-22 linked
lethal and sterile mutations.
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19.

Te reconf:rm +he presence of a llnked 1e+hal F2
ﬂEterozygotes from pla €s showing a dlstcrtlon 1h‘the;;
phenotyplc ratlo Were revaea end again«platednat 26

.degrees to cbcerve there seqregatlcn ratio, |
Ordlnarll', the p’Obablllty of p¢ck~ng a he*erczygote

Awould ‘be- 2/3 51nce *he +w1+ch1ng phenotype

»“

charaCtérlstlc»of unc-22 is rece351ve in ‘the
"hetefOZygote. Howeﬁer,”ésidéééribe@;earlier, WOrms
'heterQZygous for ahmutatipnjin tﬂe,unc-22 gene'shcha
‘different behaviou;ffhra solu+iodn of 1% picotipekﬁpap; -

do wiid-typevuorms. Wild-type worms qo'iﬂto a rigid v

paraly51= whlle the heterozygo*es +end to séiffen;put

B S
‘J/ﬁg_j nue to twi+ Cch or v1brate llke punlng'forks,; .

Any confirmed le+hal mutation was maintained at 13

degrees C. Many, but not all, of the lethals wers
,ouﬁcressed to'meke certain they were not”carfying any.

other'mﬁtetions, Culturing the worms at 13 degress made
it pcssible to determine if any of the worms were

temperaturs sensi+tive (ts)., After a»generatica at 13'
;ﬂegreesgif any of the-lethals weré ts, the raiié’ﬂou}d’
return to”a 3:1, wild-type *o twitcher. Some *s letha;

mutations were isolatsd in this way.
Y ' e



Lethal mu*a*ions were mapped relative to unc=-22 by

constructing~thé follcwing straing

+,unc-22(s7),let-?,+/unc—5(e152),+,+,dpy-u(eﬂ166). If

+he lethal mutation was on the unc-5 side2 of unc=-22

+witcher and uné-s;unc-22,progény. ' If the lethal
mutatior was cn the other side'oﬁ +he uwnc-22 gene, *hen
) A ) o ,

the unc-22 :ecombindn*s would segregate twitcher and

unc=22 dpy-u progeny. To maasﬁre the distance from

unc=-22 *o the lethal mutation,- younq adult

unc-22 let=-2/ + + be maphrodlues were placed five or

ten per plate (100 mm), and +ransL°rr=d every 2u hours
%o ggjabl¢sh Fou* broods. All progenies were ccunted
and the map d tahca was defermand by thé&follow1nq

formula,

<

=

omy

2 x twi / 43 (wild + twitchers)  where,

=
i

r o %

R = recombinaticn distance from unc-22 to let-2,

»:twitchéts = unc-22 muta*+ions and wild = wild-type

progeny. IR o

Complementatlon “tests be -Ween the le<hal putations
were accomp11=hed by crcssing male unc- 22 let—x/+ to

1 )
'unc-22,let-y/+,+,hermaphrodites and scre2ning the

progeny for adult males that +witched,

+hen all the unc=-22 recombinants would segregate cnly .
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To determine +he effective lethal phase of the
‘bal mufat‘cnsﬂ*+ was f"rs+ necessary +0 cons+ruct

g*cwth curvos fer N=-2- S and unc- 22(_1) ‘WormSs, ThlS was

done by placing several N-2-S or unc-22(sl) WOTKRS ©n

separate 100mm Petri plates and allowing them tc iay'
: ¥

‘"eggs-fo: 2 hrs, Adults were then remoyed. This insured

*hat- “he progeﬁy wculd be reasonably synChrohéﬁs in
+heir hatching and in *heir growth. The ti me cf the
removal of the parents was considered 0 hrs. The larvae

were m2asured every 8 hrs until 96 hrs after 0 time.

Larvae were measured after they were killed by placing
N s

+he point of a hot soldering iron into the agar naxt *o

the worm. The dead WOIrmsS lald strail gh* and could bé

measured.us;ng an ocular micrometer at a magnification & .

of 50x. A1l dead worms were then removed from the

plate,

_ The effective lethél phase of the unc-22 linked
lethal mutatlonc was de+erm1ned by tak:ng young

twitcher larvae from *he plabe con+a¢ng the lethal

A

-

oL another plate at 2G'&égrees~€.\for +hree days. &t

+he end of this ‘*me they were measured and thalh

"lengths were recorded on the unc-22(s7) growth curve

mu+a tion stock held at 13.&egrees C» an&;plac1ng'tbem4ﬁ-f
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(vii) Mutagenesis with formaldehyde and isolation

of deficierncizes: Formaldehyde was prepared by warming

[}

5 gmlof paraformgldéhydev(FiEher Co.,) in 50 ml of:65
dég:ées C, distiiled Hatér and addiang scdium hydrcxide
~¢c.clear the solu+ion, After clearing, *he soluticor was
2d jus<ed to pH 7.2, diluted to 150 ml with distilled
vataz, £urther diluted %o 500 ol by. adding M9 buffer
. {Bzenner, 1974) and this 1% solution was kept as a
s*ock soluticn.mxgg% furher dilutions were done by
adding M3 buffer. ﬁ

N-2-5S woﬁms we:evmutagenizedrﬁy washing worhsjfram
stock plates with M3 ruffer and collecfing af+er
cent:ifqutioy (200 x qg). ihgse WOrms were *hen
suspended~iﬁ ;ithe: a 1%, 0.1% or 0.01% solution cf
formaldehyde. After 4 hrs. at 20‘degrees C;!they Wers .
removed. from <he forméldehyde with a Pas:ég;’pipette

ard spo++ed on*o a Pe*ri plaze. Af+er approximately 2

i

hrs., fourth stage larvae and young adul% worms wer=
placed on Petzi plates (ei+the- 10/pla+e oo 25/plate)
witn lawns cf OP-50 (a+ 26 degrees C.). These wores

veTe lefi for 3 iays znd the F1 progeny iere_screened’

th

cT pu=ative dele*iocrns i3 the nnc-22 regiomn.
Y ’ LY



The ‘screen for dele+ions takes advanrage of the

5

fact that muta“ions iz the unc-22 gere, although mostly - :°

recessive under s-andard conditions, are also - “a

cenditional deminan+s. That is, as previously

~

described, wcrms when either homozygcus or heterozygous
{ .

fcr an allele of *he unc-22 gene twitch in 1% nicdfine,

whereas, N-2-5 worms in a solution of nicotine beconme

»

cigid
Z2gild.

The preciocecl was to screen the F1 progeny for -

werms that +twitched in ficotine and then <o see if g

these worms segregated individuals with é\twitche:

-

e .
phenotype, Individuals that did not were candidates
for deficiencies in +he region and were crossed tc a
- se-i®s of lezhal and visible mutations kncwn to map.in

thié,area. Matings were done on 40 mm pla*tes with the
: A : . -

lethal cr visible mutation being the males An exanmple
s ) S ! :

cress 1s; male let-56(su6),un%éZZ(s?)/+,+ +imes

puta=ive deficiency. In th=2 F1, the plétes vere

examined for males <o ccnfirp that thejputative

&eficiency bearing hermaphrodite outcrossed; and also?

for twitcher adults,o: tiitchezilaryaewdepending,on”, R

R E
whether the putative Jeficiency only expcsed the - = i

L ' . . a }
“vitcher gene or alsc *he lethal gene (in this 1instance

'_..

a la2*hzl tha* blocks in the fourth larval stage)}.

™~

.
25 ﬁ
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suppressicn: Heterozygous males for a mutation in the

unc422 gene were crossed torhom02ygous sup-5(=1464) -

(viii gpnstruetiQnrofAsgpfs;uhc-22’doub;e

mutants, mutagenesis of sup-5 (e1464) and testing for

hermaphrodites at 20 degrees C. Because heteIczygous

worms €or ‘an unc-22 mu+ation +<witch in nicotine,

he;maphrodite“wo:ms.iere picked in the F1 of the cross,

+hat twitched in the nico*ine, and placed on separa%e

‘40 mm plates a+ 20 degrees C. The progeny of these

WOorms were s«<xamined feor <witchers. Since I was unaware
of “he dominant effect of sup-5 on some genes

(Vaters+on and.Brennér, 1378) the following scheme: was

. ¥
davised to distinguish a 3:1 (wild-type: twitcher)

-

~atio indicating no suppression, from a 13:3

“(wild=-type: <=witcher) ra+tio indicating recessive

suppressicn;

Twi+tcher progeny from tha2 heterozygote

/

sup=5;unc-22 were placed, one per plate, ét 20 degrees

fer 24 hrs. After this tipme they were transferred to

pla-es at 13adegrees C. and lef<. The purpose-of this
was +wo-fcld, Firs:ly, although “he suppressor is
sterile ar 13 degress C, (Waters%*cn and Hrennér, 1378) ,
if 2150 suppresses betterlét this tempera*urz (Dr. Rf

H, Wa=erston, persornzl communication).,:SeCoadly,



dcing this gave a means indepandent from'sﬁppressicﬁ'tc
insure +*ha* I was studying thé doublevmutant sinceIOnly
about 1/4 of thé twitchers would have Been hombzyéoué
fcr the sup=-5 mﬁ;ation as well, Sterility was not a
problem because tfansferred worms lay a few eggs. Any?
13 degree plateé that vere fouﬁd with many *witcher

-

progeny and eggs inside ﬁhésé were as;umed not to be
homozygous- fqr the sup=5 mutation, because itlindqus
sterili+<y, and were discarded. The psogeﬂy from bozh
+he 13 and the 20 degree C., plates were examined for
signs of surpression. if no suppression was seen under
starndard conditions, 1% niqotine vas added to see if
+he f:equenqy cf +vwitching éés altered.riprms on 13

degree C. plates tha* Jdemonstrated suppression were

rescued fror thée 20 degree C. plate.

The above scheme was used on a series of twitchers
isolazed prior %o receiving the suppressor stock. An
sasier and mors direct tes* was to isolate new twitcher

mu~ations in a sup=-5(ell464) background, Mutagenesis of

sup~5 was done by washing off s*ock plétes'of 

sup-5(e1464) with M3 ruffer (Brenner, 1374) and

7collecting +h=2 worms after cent:ifugation«(zoo X qg).

These worms were then suspended in 0,025M EMS. Af+er 4

ks, a=< 20 degrees +hey were removed from EMS witﬁ a

™~

r

A
h)
3
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- mutan* stocks, carrying'both sup=-5 and-a twitcher

no background mutations *he double mutant was

- 26

Pze*eur pipet+e and  sgot+&d onto & Petri plaze. After

zpproxinately cne hour, fourth stage larvae and adult . - - .

Wcrms® were placed, either as 10 per plats, or as drops

;from a pipefte, on Petri plates with lawns of 0P-50.

-

-

afrer 24 hrs. of egg laying the wWorms were removed, The
F1 progeny were later screened for worms +that twitched
' 4

it 1% nicotine. Any worms *hat -twi:ched in nicotine

were isolated and checked to see lfhthey.seg:egateg

S . v

twitchers in the F2 at 20 dagrees C. These double

mutation, were then “ested for suppressicn following

ths pre*oceol described earlier.

a
*

IO 7
Twitchers that app2ared to be suppressible Ly

SQR~5 were separated from it by, outcrossing %o N-2-S

_nales, selecting the ycung‘heterozy@oﬁS'hermaphiodites

énd'placinq_tbem at 13 degrees C, Because of stefilityﬂp

= . 1.7 i

tha sup=-5 mutation would é#entually be lost from the

s2rain and *he +*rue breeding <witcher could *hen be e

stocked, To obtain a double. mutan+ sup-S;uhc-22 with

7 /
outcrossed to a sup-5(elld64) male stock a+t 20 degrees

€, foung hermaphrodite progeny wer= then picked that
showed no *+witching and allowed to lay eggs. Their

progeny that +witched were then established as a true

bréediﬁq sup=-5;unc=-22 stock.

L =

(2]
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o, . ' - | X
(IX) Induc* on cf revertants.éuu,an+ stocks we*e

vashed from,plates gnd mutagenized with 0.0SM EMS and
worms for the unc-22 alleles, s8 and s18, Qe:e.placed

. 207100 d&m plate, while siz,dc;ms were spotﬁed ontc the

plates with a-Pasteur pipette. Total counts .were pade

8 L.

on a small =ample of the 58 and s18 pla*es +o glve an

-

estimate of +he Lo+ ai crogeny screened The s12 plates

-3

were too crcwded +0 make a +ota+ count g0 a rough

= o

aestimate was made by countlng 1/4 of one plat “e,

T

estimating th number pe r plate,‘and multlplylnq this

by the to+al number of platas. ThlS ‘Was. compa*eﬁ *OAE

second method where ‘he vorms ‘vere *emoved from the ”
pl ates by washlng Hlth M3 -buffer, concentratedvln 1 nl”
of buffer, taken up in a Pasteur pipette and then put

" as single drop= on four separate plates. The worms on

) v
L oagk T

each of +he fcur pla ¢s were then coun+ed and Vhe'

:apprcx1mate number of.yo;ms par plate estlmated.’;Froa
this ‘he to‘al number of worms screened ‘coulad be -
deﬁecm ned, The second method gave.a’vﬂ&he 20% lower
*ban <he first and was used for the determinatioﬁ of

"~ +he to:tal number of prcgeny screened.

The screen for revertants involved examining the

F1 progeny cf the_three twitcher mutations for worms



Y . - ) T ~
-

“tat failed to twitch. Any individuals fcund were

‘is6lated and e§tablished as a separate strain. The.

v

which failed %o twitch. Only one of the

<

initial scresn wes done-in the F1, therefcre these

P

mutations: were dominant and needed to be made .

homozygoué to stock. They were transferred ovar a

number of-genératicns until they gave @rogeny,'all of .
'‘revertants! (s74) has been:segregated-aaay;ﬁrom'a -
twitcher background. This was done by outcrossing the

double mutant stock tc N-2-S males and selecting young

#ﬂﬂ?he;maphrodites yhichvtheg p:pduced proqény.vSluggishl

worls amcng: these were outcrossed again, and the yourng
hermaphrecdites again were removed and allowed to lay
‘eggs. Their progeny had nicotine added .to them, and

from plates that did no* have worms *hat twitched in

‘nico*ine, a few hermaphrodites were selected and pu+t on’

7individq¢l plates’tq}layfeggs.fAny‘of’theSg'éiat gave

S o

-slow uncocrdinated qo:ms);efe‘uSed:ﬁ@Jéstablish,fheL
. : § e oL

'‘revertant' stock,

SR

(x) Mapping of 'revertan%s'! and construction of

s+trairs for gene interac*ion zests: The mapping of

ct

witcher 'revertan<s' was done according to the methods

for mappirg and.complementation described by : o,

Brenner(197u).1fThe dcuble mutatibns unc-15;unc=-22 and



urc 5u(¥J90).unc~22 we*e construcred by cr0551ng male

e -

uﬁﬁ%22/ + tc unc-15 or unc=54 hermaphecd1tes, ‘and

'plcklng young F1 he*maphrodltes that twlbched 1n )

'nlcot Thelr .proegeny were axam*ned for twltchers

which were suhsequently set up on 1nd1v1dual plae-s.

.Some oF +he progeny of +hese 1nd1v1duals faeled tc

tHltCh -f unc-15 or unc- 5u lﬁH;blt°d twit chlng. These

were *he double mutan+t '\\;D“*-' ',5 ‘ '

L]

P

Once it was determined that the_':evertants' were

alleles of unc-54 it was desirable to test the degree

of. supp*ess;on cf a,number of leferen+ alleles of

uvc-22. To conctruct the he+erozygous doublo mu*ant

227

emale uﬁc-SQ(s?u)/ + ; */%+ were crossed ﬁowvar;qus

‘ tv;-cheryhe:maphrodltes, and the F1 ptogeng were

screened in 1% nicotine for worms that did not twitch.,

Thesejyddné hermaphrodi tes were brooded, cne per 40 nm-

plate, for three successive broods eff24 hrs gach.

, ; , ) ¢ - ,
Ebgyrnma;u:e progeny were then scored for the varigus .

phenofypesiand from the :esult nq ratios the form “of

B

suppression was determined.

(xi) Ccnstruction of triploid and tetraploid"

stocks fcr dosage studies: Tetraploid stocks were

¢

constructed by using a scheme similar to one described

» T



by Dr. R. -Herman and Mr.” Jim Madl (pefsonal

g

cemmunication). Males heterozygous for unc-22(s7) were.

- crossed . to t/+/+/+ hermaphrodites. Triploid'~'fjg;‘j‘“
hermaphrodite progeny that expibiﬁed an'ﬁiusual twitch .
in nicciine7(56e Results) were placed on a plateFand

L ]

b

» iéft urtil the next generation. Scme bf thgirfpro§eny
:were tﬁifcheré and,%heée were left,‘onerper plate;ww
lunfil'the,fqllqwinq\ggne:ation.“The pioqenf of these
rwb*méruére exam4ned.fcf twitchers that’wergsiargér‘than
normal and these, once found, were kept for a few_ﬁ |
genera‘lcns un‘*l ~hey only ga#e large twitéhefg}"&héy

AN
were thern Stocked as s7 tetraploids.

* o
. The tr1p101d s7/s7/+ vas. constructed by crcseing

N-2-5S males to the te+rap101d s7 stock Théz%:iplcid

m52/+/+ was cons*ructed by cr0551ng m524+ males to .

+/+/+/+ hermaphrodites.

(xii) Ccnstruction of f‘A s

£

sup-3(e1405) /+;unc=-15 (£73) 'u'nc-k22 (s7) ~stocks-and.

sup-3(n1u07),unc-54(e190) unc- 22(s7ls+ock5° Thn first

,»-‘V

s‘ock was ccnstruc+ed by c*oss;ng a male.

unc-Su(e190)/+runc-22(s7)/+ to a hermaph:oditg_ﬁhgt,yas,‘

’unc-15(e73)/ﬁnC}15(e73);suij(éT405),+/’+,dpy—11, énd

in t+he F! worms that twi:tched were placed on individual

£

RN



pla es, In the next genera+iop ihe platés wers eXapinéd o
‘o flnd plates_cha* had twitchers ‘presen= but not
1dumpys.11f the plates had unc-15 mufants,rbut no unc-Su
mutants tha slow mcving worms with a Qildftype locking
rbody (unc-15 and sup-3) ﬁere(placed in 1% nicctipe} If
‘they showed sven the =l1gh+esc\twl+ch they were placed |
on individual platesﬁandqallowed tc lay eggs., Thel: ‘
prégegycug:e tﬁen examinéd ﬁof»iwitchers,aﬁd if fcund.//Q:'
these cw1tchers are placed‘on indiﬁidﬁal plates-and
crecked to see :f‘theyglaid eggs (él} &ourd only lay a

few eggs while:tﬁe putatlve triple mutant was laying

approximately 125 eggs). If a worm laid many qus and,n

had a less'sevére Lu*tch ‘han unc-lS ang<=22 worms, the
Wworm was consldered to have the genooype

e73;s7; sup-3(elu05)/+ Th*s was confirmed by examlnlng

the percen+age of +he eggs that developed to adulthood.

To estdblish an unc-54;unc-22;sup-3 stock I used a

‘d+fferent protccol, Male‘ﬂnc-5u(e190)/+1unc-22(s7)/+

-~y

.WCTmS Were crossed to hermaphrod1+es homozygou= fcr

sup—3(e1407)/sup-3(e1ﬂ07) and in the F1 young

hermaphrcdltes were placed one per uo mm plate. In the
'F2, plates mers examined to flnd one *hat gavé slcw' I
wild-<ype looking,words and tﬁitchers. Once found, the

slow, wild-%ype worms vere placed on separate plates

&



Their progeny wer2 then examined for twitchers since

~hese slow worms were *he double mutant unc-54;sup-3

and may have teen heterozygous for unc-22 as well. When

the triple mutant unc-54;unc-22;sup-3 was identified it

was maintained as a stock for further study.

(iiii) Cut worm4assays: These wére done by cutting

V“fﬁe'worms;wh;;e they were on the agar plate and placing

+hem in the aprropriate *est solution. Worms were cut
with a pair of Martin #1501 micro-dissec+ting scissors..

(xiv) Microscopy: Most of.the routine processing

and .observaticnal work was done using a Wildgdissectigq
micros;ope. For polarized ligpt microsccpy a'Léitzv
Ofthomat with polarizing filters wvas used.‘sematoﬁes
Were immobilizéd in a 1% soluion of nicotine ard a

cover slip was placed over the suspension. Nomarski

*

piczures of living organisms at different stages of

development gére»obtainéd by following the methodology

’

of Suls-on and Horvi*z (i1977) and by 'using a Zeiss

Universal microscope equipped wi+h Nomarski optics.

e



.- .. - Results,

- ~

I. Fine s<ructure analysis of th2 unc-22 gene.

(1) Mapping of the twitcher mu*a+ions to linkage

]

grcup IV and “he unc-22 gene: Several new recessiva

twitcher mutations Lave been isolated (Table 1) and.z2ll

cf <hese %witcher mutaticns map to linkage gtoup IV.
Complemen*ta~tion %es+s with all pair-wise combinaticns

of 266, (th= canonigal,allele of the unc-22 locus), s7,

ek

s8, s12, s13, s14,wé17 and5518.havé“peen done. All
‘combinations give t}itcher'%ales~injthe_Fl and

therefore, *thess mutations fail o complement one

ano:her.‘The aileleg; 516, s32,.sjﬁ; 535,-536, s55 and
mn52 have been tasted_gnly withhthe alleIés'tb;whiéh7V

{hey were mapped (see:fable 2) and, asAexpectea, f;il

ﬁq_complementf These two pieces of»evidence, map

+location and complemsntation, confirm that these

+witcher mutations are all allgles of the unc-22 lccus.

(1i) Mapping within the unc-22 gene: Fiftsen.
alleles were mapped within the unc-22 locus (Table 2).
Eleven of *hirteen <ested alleles were separated from

s8. Also, si14, s18, s34, s35, s36, s55 and m52 wére_:

separated- frem s12. Since in all crosses the parent
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Table 2.

Recombination data between the various

4

alleles of the unc=-22 gene
Allele'pairé tested* Frequency of unc-22+ Map distancee L/R**
- ’ ‘ N v (in map units)

s8/s7 ' ~ 0/84,000 -

s8/s12 . 5/72,000 : 1.4 x 10-2 s8 gl12
. s8/s13> : ‘ ' 0/64,000 - - -
s8/s1b - ’ 5/74,000 7 1.4 x 10-2 s8 s12
s8/s17 1/58,000 3.4 x 10-3 s8 sl -
s8/s18 - 2/52,000 7.7 x 10-3 -.s8 g18
s8/e66 -~ 8/70,000 2,3 x 10-2 s8 eb
£18/s12 4,235,000 3.4 x 10-3 s18 -sl12
e66/s12 0/224,000 - - -
s12/s14 . 5/252,000 4.0 x 10-3 sS4 s12
s8/s16 . : 1/262,000 7.6 x 10-%* s16 S8
s12/m52 . 1/48,000 ok 8.3 x 10-3 pb52 ¢12
s8/s32 T - 8/221,000 7.2 x 10-3 g8 s32
s12/s36 : - 8/224,000 d 7.1 x 10-3 s36 s12
s8/s36 , 2/190,000 2.1 x 1073 s8 s36
cb66/s16 ' 2/20,000%34% 1.0 x 10-2 s16 <66
$12/s35 7/184,000 7.6 x 10-3 535 s12
s8/s35 6,168,000 7.1 x 10~-3 s8 s35
s18/s32 2/212,000 1.3 x 10-3 s18 s32
si8/s 14 3 . 1,158,000 1.3 x 10-3 s18 s14
s18/m52 0,162,000 - -
s12/s34 | 7/178,000 7.9 x 10-3 s34 s12
s8/s34 4,126,000 6.4 x 10-3 s8 g3b
s12/s55 E - 6/160,000 7.5 x 10=3 555 =12
3.0 x 10-3 s8 s55

$8/555 2/132,000

map”distance (d)= 2(unc-22+ recombinan*s) x 100
I : . ' total offspring. SN

*¥*Mutatiorn at left was in triple; " unc-5,unc=-22,dpy-4
**L=left, R=right ,
- ***Because m52 is a dominant mutation the number of recombinants

is quadfﬁpled not doubled. .
*kk¥Tn this. exper1ment all 20 000 worms were counted 1nd1v1dually.




hermaphrodi<es wers heterozygous‘for the flankiﬁq

f

D
ot

cutside markers, tha 1 /right position for any two
h

-wi<cher alleles the* exhibit=2d recombinaticn could be

determined, That is, in *he genotype +, unc—22(sy) + /

unc- 5(0152),unc—22(sx), dpy 4 (¢1166), 1f sy we:e te tH

lef= of sx, then the recomblnant chromoscmes scored s

-

were de<ec*sd as either wild-type or urnc-5 worms. If sy

were to the righ- of sSx, then the recombinapt

chromoscomes abpeared as either wild-gype or
werms. To de+ermine the geﬁotype of *he recombinan+
chtomoéomes, and to insure *hat we were observing .
recombinants, all excep+tional individualé‘were progeny

., - = (]
tested, _ 7 ? v .

The resul“s of tha progsny :tests showed “hat of
*he 104 putative recombinants recovered, *“wo were

sterils, 87

(I)

egraga d the markers in a manner that was
compatible wi éh chr oma 1d exchange and 15 were

recovered ei*her wi*h ro flankinq markef,'both flanking .
mactkers or wi+h an unusual flanking marker (Table 3).

orly =he 87 confirmed recombinan*s were used to

determine the map distaﬁces in Table 2. The %ﬂ -
axcepticnal individuals which had los‘ or carri ed'f , .
anusual flanking markers could have rasul‘ed from

cuzsids marker excharnge or gen€ conversion. The dataz
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Tabla 3,

Pregeny testing of putative recombirants.

3llele vpair Total putative Recopbinant +erile** Qutside marker

tested * recombinants hanotype seqgregated
s8/s12 5 2 dpy - : dpy

3 wild .o
s8/s14 5 4 dpy "

. ' 1 wild o , "
s8/s17 1. 1 wild - n
s8/<18 2 2 wild S "
c8/26€ 8 3 dpy T "

5 wild ) "
s18/s12 6 6 wild 4 dpy

, , ' bl

‘ 1 none
si2/s14 7 3 anc v 4 unc ”

4 wild - " 3 norse
s8/s16 2 1 unc ‘ , + -

1 wild ‘ unc
si2/m52 1 ! unc unc
c8/832 9 6 épy ’ 8 dpy

3 wild 1" unc
s12/s36 11 5 anc 8 unc

6 wild 3 none
s8/s36 2 2 dpy 2 dpy
ebe/s516 3 2 unc 2 unc

1 wild 1 none
s12/535 10 6 wild 7 unc

3 unc A 2 none

1! dpy-unc’ 1 dpy-unc
s8/s35 8 4 dpy . 6 dpy-

4 wild - 2 none
g13/s 2 t doy dpy

1 wild ' :

s12/s34 3 3 unc 7 unc

4 wild : 2 dpy=-unc

2 dpy=-unc
s8/s34 4 2 dpy : dpy

, 2 wild
s12/s55 € B ‘& unc o une -

2 wild = .
s8/s55 2 1 dpy ’ o dpy

1 wild ‘

*qn+a+icn on .ef< was it “he triple autan* unc-5,unc=22, dpyc-l.

le recoabinants 2
2 in the calculati

-
-
=

rd patative convertants were not
cn 2f aap distarnces., SN

Fl S t
[#]
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CaTro< urneéquivocally dis*inguish be:ween

these

aitérnatives;;Siﬁca”géﬁ§*CUnVE:SiUn*is“VéiimiccnmenfE&‘":”*“"‘”**

-

ir fungal species (Mitchell, 1355; Pogel

- .~

13693), =2s well as in D. melanogaster (Sm

and Mortimer,

ith et al.,

©1370), we ;xuld‘expec: it %o occur in C.

wall,

E

Tkz number of excep=iohal progeny. w

parenzal flanking mackers was higher tha

éouble,crossover events, The flanking markers unc-5 and

dpy-4 &are both gbouz five map units from
exovec=ed, =z-herefore, cne in U0 of the re

have urnusual flanking markers (2.5%) 1f

Ral
- =

1
th

erenc

M

-
-

'

whereas, akcu%t three in 20
"mark=c-s were observed (15%). This s*rong
~ha=- -hese excep:ional individuals were

prcduc<s (see Tabls.4),

The 87 confirmed recombinants give
A - .

posizich cf <he various alleles, From th

az'éﬁE:aqenic map of <he unc-22 gene can

{(Pigurse 3). On *his map :ﬁe alleles that

elegans as

ith los* or

n expeczed fronm

unc=-22. I
combinantsjto‘
there were no
wféh ﬁnusual
ly suggests

conversion

+he lefr/righ+*

is information

be con=stucted

have been

. . - - ) ' -
posizicreé urambiguously ars shown above

These incluie gl6, s8, s18, sl4 and gl2,

is incluéed a2bove ke line becausa it is

Y —~—

the iine.

~he allele 266

closely linked
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Table 4,

Putative conversion rates per unc-22 allele,

L3 — _ - .

|

To<al progeny Putative c/o* conversicns conversion
recombinants allele oc+ther - xate

s12 1,600,000 54 43 4 7 5x 10-s
=14 500,000 13 | 11 2 0 1x 10-5
=36 400,000 13 10 3 0 1x 10-5
£35 350,000 18 13 3 2 x 10-5
<16 300,000 4 3 1 0 5 x 10-6
€32 400,000 11 10 1 1 5 x 10-6.
s8 1,600,000 38 . 35 0 3 -
&7 85,000 0 0 0 0o - -
<13 65,000 0 0 0 0 -
<17 60,000 o 1 0 0 -
<18 800, 000 on 10 0 1 -
£66 300,000 11 10 0 ™ -
m52 200,000 - 1 | 1 0 0 -
€34 300,000 13 1M .0 2 -
55 300,000 8 8 o . 0 -

* cfo = CTOSSOVer - S s e e
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“&fo>312.'Al£hCugh +he alleles s13 and §1_héve not been 7
séparated from s8, they are listed below the line since - %

Fl

~hey have not been positioned relative +o s16 or s1i11.

—————
Pt

«

The allele gl has bzen positione&'relative to s8-cnly.
The'pbsition of s17 is, therefore,,shown‘with a dotted

line, The same is'frue'féritﬁé formaldehyde induced

alléles, sBHk's35;fs§6 aﬁd’§§§ which arérknownrto ke
_between s8 and s12 but have no: been positioned
“relative tc gi_ or eééhydthér;'~Thé position of s32 is
fairly firm since it is baséd'on'very large numbérs,»
.buf it still needs to be positiohed ;elative to sl12,
‘its posiﬁion is also shown with a’ dotted line., The s%pé~*'é
holds for gé;,‘a domirnant allele of unc-22 (isoiatedvby.
'D£{ D. Eiddlei,:which apgpears *o be.neérrglg. The'

distances éhcwﬂ betweén the alleles should be

conside:ed és‘teﬁ{a%ive s?nce they are based cﬁ fey.,
‘récdmbinants.

On the plates containing putative recocmbinants

there were periodically clones of non-twitChef'wofm§; 
This cccurred 16 times among the 104 putative -
reéombinants.rln 13 cases dpy's or unc's aé well as
wild?type WOImS were seen and ihese were’classified as

recombination events +hat had taken place in the F1

geperation thus giving rise tc many non-twitchers in
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the F2 generation., Three of the evVents involved either ™ .

Pl - P

double céoésove:s or conversions becauée'there were, -In:- -
one.¢ése, maﬁy wild-type worms on thg plate, and in the
“other two cases, Mahyrépy-unc's on the plates.'The
explana<ior of an F1 event: hévin; ocCurred can accpunﬁ
forisome of thesé_bbéervations but it seens highly
improbable thét it caﬁ- ccount for all of *hem (sea
Table 5). |

‘In,;he case of recombination between 18 and gi4,

one F1 Sven+ was obsei#ed. On the plats there were 35

~

yiid-type wérms, 15 dumpy worms and one 1arge Hlld -type
worm., This b:esumably was the_F1 recomblnapt.kAlthouqh
unlike;y, it is‘noﬁ impossible that suchian;évent'could = ‘
occﬁr} Ir o+her cases this was ﬁb£ a satisfactory

explanafidnﬂ fcr 2xample, in recombiﬁation be;ween_gg

ard s17, there was one recombinant found -in 58,000
progeny ccreencd. I- was an F1 crossovar, In

- ~ A ., - . . L . —“ ’ ' ..
: recomb¢n tion between s8 and s18 there were two

crossovers in 52,000 progeny screened. Again, one of

these appeared *to have happened in <he F1 generaticn.
In a recombination expériment between s8 and 536 +two
Y‘ecomblnaxﬁ:s were fcund in 200 000 worms: examlned, and

botk of these were precumably +he products of F1

events. Finally,‘in a racombination run between s18 and.

8 .
& 0 A
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: Occurfencerdf?putatiVe'F1 reddmbigaﬁts;_‘i b\‘i‘  . "
| o o
Allele pair Préggnyrin  "Pu£ative w-'cgb . convertants . Fl evenis
tested¥** F2 cecombinants - ' : no.  typs
.$8/€66 7 x 10+ .8 8 0 2 c/o*
s8/s17 6 x 10 1 — o~ 1 clo
£8/518 5 x 104 2 2 0 1 -c/o
s12/s14  2.5.x% 105 7T 5 2 1 c/o
| s12/s36 2.2 x 105 118 .3 1 *¥conv
* 58/s36 2 x 105 2 2 o 2  cyo
s18/s32 2 x 105 . 2 2 . 0 2 c/o
s12/s34 1.8 x 105 3 - .7 2 3 1c¢/o -
|  2'conv
s12/s55 1.6 x 105 6 e 0L T2 e/
‘s18/s14 1.6 x 105 1 1 0 , 1. c/o -
* c/0 = crossover ' =

*¥ conv = cornvaertant

#%* Allele lis*ed at left was in *he triple mutant

unc-5,unc-22,dpy-4.

J



‘earlier, on thet518(s1u plate there were 51

-explanations for this phenomenon exist and will be
p _ ‘

2T

s32”whé:e 242,QO0 progeny wsre scresned, . two ) : -
‘:ecombipants‘ﬁeréffouhd,fboth.of'wﬁicﬁ~appeé:ed fénf

arise as F1 events., These last two observations make it

impos&ible tc-consider these -clones of non-twitchers as

I~ >

the result of crossove? e¥ents that occurred in the -
L

r . T

‘previcus genera*ion..

o P

2]

= . . . : - - o ws oo

~ = »

On some of the plates showing a number of

ron-twitchers the exceptionals were counted. As -stated

<

non-+*witcher progeny. One of the s18/s32 plates had 36

non-twitchers, while an s12/s34 plate had 13

non-=wi=chers and an s£12/s55 plate‘had‘only'u
ror-+witchers, An F1 recombinant ﬁouldvgive far more

+han 4 non-twi“chers. Three or four possible

exemined in the Gengral Discussion,
f’w

(£ii) The size of the unc-22 gene: An earlier

‘éstimate of the unc=22 gene size was 204 x 10-2 map.

'units-(ﬁoerman and Baillie, 1379). This was based cn

~he distance between the outermos* alleles, s16 and

266, and was determined by adding the distance from sl

~a

to s8 to the distance from s8 to e66. However, an

‘exariration of Table 6 suggests that +his is ar

' ‘ .

- - -



#%% In this experimen: all progeny were individually tested.
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ATaﬁiQVSZ o .
Recombinatidﬂsize‘of»the unc?22'lo¢us., o
alleles summed o Additive total No. of  c.l. *
- . ‘, R ~ (in map uniﬁs) c/O **
,516.....'..;.'~;,'..f.,e"‘65*** ' 1.x 10-2 2 (0-9) '.005' '
‘ | ' T (04 5=5) . 1
S16...58...518...812 1.2 x 10-2 7 2-171)
S ’,,,(3_-“1-2) d
516...58.:.5304...812 | 1.5 x 10-2 12 (5-24) o
o (8-18)
£16...58...836...5812 1.0 x 10-2 11 (4-23)
] ' - (7-17y
S16...58...5835...812 1.5 x 10-2 14 (6-27)
(9-20) -
$16:4.58...555...512 1.1 x-10-2 9 - (6-27)
(6=20)
§L§..ﬁ%%....;....g_§ ‘ 2.4 x 10-2 9 (3-20)
- ' o (5-14)
S164eeSBeevimenesssl? 1.5 x 10-2 6 " (2-16)
(3-10)
S16...5800 .50, .. 812 1.9 x 10-2 1 (4=23)
' N - (7-17) =
Averagé'distance T _1.5.x310?é |
" Average Aiétancé'éxcluding
1640 88 00venenae66 L x 10-2
* c,1, = confidence limi+ts, ‘ *k c/ov=fcrossovers.



'the s8=-s1

cverestimate of the size of the locus which is probably

due %o the ancmalously high reccombination rate observed
bezwen s8 and e€66. This can be seen when one compares

distance to the s8~-e66 distance. There is
P . " .

“mer

» .

timate of the actual gene size is 1 - 2
‘ . 7 . g
. This is a compromise between the

distanece ‘ob= ined} yieqvpgé examines the distance from
s16 <o =2 6~ané counis’ali the’pfogény individual;y, and
Qhen cne uses.the“eStimation,p:ocedgre for total
progeny. The fact that 1.0 x IO‘Z'mab units islin“
-cleser adreement witb +the o<her distances listed in
Table 6 éhan is 2.4 x 10-2 map uni%s may be |
ﬁisleading because the confidence Iimits on all ﬁhesé
values allows for overlap (see the .final cdluﬁntof.
Tabls 6). No conviﬂcing évidence of map expansion which

is so charac+eristic of fungal fine structure mapping

studies (Has*ings, 1375 for a review) has.been found.
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IT: Deficienciés, recessive lethal, sterile and

visible mutaticns in the unc-22 reqion.

(i) Le=hal and sterile mutations: Recessive lethal

and s*terile mu<a<ions were iéolated as deéescribed in
Materials and Methods and illustrated in Figure 2. Of
3094 inrdfviduals screened, 43 were found *“o _have lethal
cT ster:.lf-s'rnu‘cat::ode in. the unc-ZQ reéion. Three of »
*h€se mutations wers found to b° *emperature sen51t1ve
(’hlS has been confirmed by Hr. K. Re’kkl) All

mutations were induced g;the:rw1th 0.0SM Eps or with

0.025M EMS. Although‘Q,05M EMS appears to give a

higher muta<ion rate per chromosome, “he difference is ,

not s*tatistically significant (Table 7). The forwarzd
mutation rate for *he induc-ion of le+hals in thls
Tegion using 0.025M EMS ‘was approximhtely 1.5%. This "

region .represents about 1% of theﬂgénetic map cf the

‘nemazode.

Of <the original eight muta*ions isolated with

"0,05M EMS, six have had all pair-wise complementation

tes*s done, These are iét-S!(sﬂ!), let=52(s42),

et 53(sts3), let-54 (sl4), let=-55(s45) and let-5E(s46).

As well let-51(su1) and a 0.025M EMS induce@ lethal,

. let-59(s49), complgment, All sevenx of these.mutaticns

7

. 46
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' Table77y.,“

Screer for unc-22 linked lethal and sterile mu*ationms.

J

R :

EMS ccncentra+ion Total progeny Le+thals 95% %
"scr eened ' confidence

0.05M ' 320 8 °- (4~-16) 2.5

0.0254 - 2774 4%, ' 1.5

*3 of these are *emperature sensizive.

This)biies“a-rate of ts lefhals/fotal lethals of 6%
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‘have been mapped rela*ive to unc-22 by theAmétho&vshcwq'

in Figure 4, Thes mufationé, let458(54§) and s51 have
also been positioned by this method. The mutation

let-60(s59) has been positioned relative to unc=22 by

using twe deficiencies in this region, st1 and sDf2.
Map*dis:anceé from unc-22 <o these nina mutations are
shown-in Table 8. With map distances, ceonmnplementations
tests and positioning info:mgtion relative %o uﬂc-22, a
cursory map cf +this region has bean constructed (Figuze

5). On this map six of the lethal sites lie to thgvleft

of the uRc=22 si=2 and three lie to *h2 right. =
_ 'Of “he 40 other le*hal and sterile mutaticns, one, ’

s53, is an allelé of l=2t-54, The three lethals, s5U4,

—_—=T
s57 and g72 are all “empergture sensi+ive(ts) and no

~

mapping cr tomplémentation tests have besen done wi<+h

“hese, Of the o*ther muta<ions, eleven have had only

*heir eoffec*tive le*hal phase determined. The o*hers
will be described in context with the deficiencies. =~
g

(i1) Deficiencies: To position the lethal

mutations rela*ive to cne another and to separa<e .
tightly linked genes it was necessary to obtain

/
/

deficierncies 3in *his region. Thé le*hal and visible R

mutations already,idgptifiédrhelped,cha:acterize these

‘o



~ lethal on left

Po Ieg ﬁnc—zz

T T
unc-5 dpy-4

!

"Fq (look for twitchers)

let unc-22
L | :
T T ,
unc-5 unc-22
/in ‘ let unc-22
_— i I
Iet', uhc—22
let unc-22
i 1
unc-5 . dhc—22‘
¥ unc-5 ' ulhc-22
I T
unc-5- uhc-22

%-segfegates‘unCQS,unc—ZZ

i

Figure 4.

-
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‘lethal on right

22Iet
Po il
- | - ] ] :
unc-5 dpy-4
Fy (look for twitchers)

unc-22 let

unc—22 dby?4
F2 unc-22 let
] ] .
unc-22 et
unc-22 Wet~
] 1
T T
unc-22 dpy-4
Sng22  dpy-4
B ~T “
unc-22 dpy-4

% segregates

Method of positioning the lethal

- - mutation sites relative to the

unc-22 site.

dpy-4,unc-22
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Table 8.

Map disﬁancés from anc-22{é7}

l1=thal mu*ations, -

Gernotype *es+*ted = -Phenotype of progeny

wild=-+ype

- twi*tcher

50

-

Distance

(in map units)

le+«53 (sh3),unc=22([(s7} /+ +

1at-50 (s4l) ,unc-22(s7) /+ *+

'ief-SS(s&S),unc-22(s7)/+ +

let-52(sl42) ,unc-22(s7) /+ +

le+=-51(sl1),unc=-22(s7) /+ +

let=-53(sl3) ,unc=-22(s7) /+ +

le=-60(s53),unc=22(s) /+ +

1e+-58 (s48) ,unc=22(s7) /+ +

+

le*-5§i§u6),unc—22(52)/+

4582

3400

3861

4512

4u56

2225

375
513

26,000

22
32

19

1

1s

[

* §i+h this pair I alsc se= up 10 plaies witp 1 werm per plate and

lef* +hem till -the F2 genera*ion, TWO CIOSSOVersS were found. If one

uses “he formula, recombiration =2 x c¢/o // 2/3 +o+al progeny and

assumes 2,500 werms per piz*2, +then *“he map distance tetween lef-52

and unc=-22 is approximately 003 map uﬁits.

** rumber o¢f *o*al progery determined as - irn above.

£
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deficiencies, which were then used “o limit mew lethals

-0 specific regions,'and,confirm lethal map positicns-
“ha+ were based on distances from the unc-22 site. To

gqererate +he deficiencies formaldehyde was used
& - .

£0llowing the prozocol described in Materials and -

Methods, Althcugh'x-gay; can cause deficiencies in the

nematodg (Meneely arnd He;han; 1979f} note was taken of

“he éarly results cof Siiiynska (1957) and the more

recent findings o% O'Doﬁgéll e+ al, ‘?977)

demonstrating formaldeﬁyde’induced ggﬁiciEncies in D,
- :

melanogdster, These observations led me to examine its

-

mutﬁgenic effects in C, elegans and I found ‘it capable

3

cf inducirg both point mutations and deficiencies in

+he nemazode. ¢

Th-ee concentraticns of ﬁormaldehYde were *ested:
namely 1%, 0.1% and 0.01%, but muta*ions were found

with only 0.1%. The high dose of 1% killed the worms.

On examinirg worms plated from *his concentraticn cnly

a2 few la-vas were alive after 2 days. Poséibly these

weTe pro‘eczed as either dauer larvae or =ggs. 31+h

0.01% o mu%*ations were ldentlfled in appLoxlmately 6 X

10+ <ested FP1 chromosomes, n0T were any visible

mu-a+ions cbserved in <he F2 genera*icn after setting

up 625 F1 worms,

»

=3

2
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Using 0.1% formaldehyde approximately 270,000 F1

" chromcsomes were 2xamined. (Table 3) and Seven mutations

_Wwere obtained, These were separated into two groups;
one group sagregatirg hcmozygous twitchers (unc-22),

*ke other group giving progeﬁy that appeared wild-type

and progery that twitched in 1% nicotine. The group of -

formaldehyde induced unc-22 mutations, s34, s35, s36

and s55, were all phenotypipally indistinguishable from

EMS induced unc=-22 mutations (see Results I apd III for

further_characterizaﬁicn of fhese mutations). It was
thé seéond‘group that contained possible deficiencies ‘
in *he unc=22 region, With 0.01% formaldehyde 225 of
.~he F1 worms were placed on plates and their progeny
weré}examined fcr any type of visible mutation. Three
uncoozdinated worms wvere ﬁound on separate plates.
These muta+*ions were nct mapped.
P o ' /_—\

The charac*erization of the déficiencies is still

ir progress, Of the tﬁree, sDf1 and sDf2, vere

confirmed as deficlencies in the unc=-22 region. The

- other putative deficiency, sDf3, gave puzzling results =

*h fhemtoipieﬁéntéfibn”fé; s with the lethal mutaticns,

I alsoc fourd a spontaneous twitcher mutation inm this

&



Tabie 9, ’ s

 Formaldehyde mutagenesis ir the unc-22 region.

P

Type of PzFormaldehydé | chromosoﬁes_ ‘ \number'cf " frequency
éigg:de: goncentr;tion tested. ki A is e )
unc=-22 o 0.1% 135,000 ° . , '4 . 3 x 10-5
puta*ions | |

deficiencies = 0.1% | 135,000 3 x 2 x 10-5 |

3

. ¥ one of these may be some cther +type of rearrangement,
# : :



‘stock which'suggests that it contains mora than a

simple_deficiency.

J
— " "

Deficiencies”st1~and st2'have been examined in

some de+ail Bcth?appear to be 1-2 map units in length,

and both uncover URc=22. but ‘do not expose dpy-a(e1166), N

.,.‘Hefogrgiae-gene on the linkage group. The two

~deficiencies cvs lap by at leas+ 0. 5 map unics and

reciprocal Crosses produce eggs that’fail to hatch,

Deficiency sDf1 appears to be’fafger +han defiCiency

.

sDf2., Worms with this deficiency also grow more slcwly

and give fewer progeny (Table 10). Results of +he

initial complementaticn *ests on these deficienciecs are

shown in Table 11. A1l uncovered genes are lethal or

'~ sterile except unc-22., The deficiencies have been

_ initially complemented with unc-22, dpy-4% and eigh* of

che:nine (excluding letf60) iethal sites to
characterize +their exten%. As can be seen from Figure 5
the rignt boundary has not been determined for either
deficiency. The left bcundarzy is better defined ‘and-

illustrates one of the important uses of deficiencies.

sDf1 ends beiieenrdnc-22Wandflet;56 wﬁichﬁafewéigﬁiiiffv

lirked, and sDf2 breaks between lex -51 and 1et .59 which
map*%he same distarnce frOm unc-22, 0.4 map units. The

deficiencies, therefore, allow for the positioning of

»

P
R -
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s " Table 10. . )
~ Fecundity of formaldehyde induced deficiencies,
I - S o o :
Deficiencdy e€ggs ha*chability Number with . “No

B

pumber . T deficiency - deficiency

69 10 15% y 6

n
(v
th
-l

v

n

=)
h
[\

65 - 46 - 75% 30 D 16 .

n
9.
h
w

116 28 23% 19 L

[
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‘ . Table 11, - T
i) Compieméntétion tests of deficiencieg,J
1-%Ah ~sDft gﬂdiSDfZ,-}ithfvariaﬁéfqeneé_“’ -
i +he'unc-22 region. * N
Gené in u5c722 A ' ‘ Z'EQE:Lg_V N ‘ isté - |
: reqi@g!tes{edff*fi,‘;-, . S »
-:uné-22(57)? . e - - . | -
1e-51(s41) **%x ST L

le+-52 (s42) - - - N

L1
-+
+

1st~-53(s43)

- 1e+=-54 (s4l4) - i 4 S .

le+=56 (S46) ) e -

let-2 (s47) . | . P

S . . 12+-58(st§) A | e

1et-59 (s43) # + @ - o

dpy-4(e1166) o + A T I

- — :
* + = complemern+; = = fail +#o complement. - . ) .
"y . s L . . . . . 7 '
*%# 211 genes ‘ested were the male s<tock. B

. . . < . °
*#** 311 lethal muta*ions were kept in a stock linked %o unc-22(s7)..

a ¥
**** n,d, = no* dcne, )
~ -
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 %ighﬁl1_linkéd¢génés,relative,to«cneAanother;i-~ AL
- . . T ’

. Once the extent of the deficiencies was determined :
they were used o positicn the new lethal sites (Table
12), Of 14 lethal and sterile mutations tested with

st1,r9nly “hree failed *o coup;emént) Thirty le+thal

-

and steriié'mutétions were “ested with sD£2, and 18 of
these failed o complemeht.. The two deficiencies

allowed for the ragion afound the unc=-22 gehe tb be -~
divided into five zones: Zon2e 1, anV;réa td’thewlef£~o£_'
‘,u£¢-22 but beyond the‘exient of sDf2; Zone 2, an area

<0 *he left cf uncr22’bui uncoveféd‘by;ggingZone‘3, an,

area *o the right of unc-22 uncovered b{‘béth sDf2 and

Df1;'ane 4, an-area *to *h2 right of unc=22 exhoSéd4b]

n

sDf ] oply, and finaily; Ebne's;'én afea‘to %he':ightlof.

unc=-22 but beyond *he extent of sDfl.

e~
* . -

-

S Zcne 1 inc}ﬁdes ;heglexgsites;<let-5u,,lg:—53,;_,

—

lst-51 an@ protably 1£t-55, I+ also contains.s#7, £50,

4

n
9]
et
[\

I

nd=s52., Zome 2 encompasas thé let sites let-59 and

mu<a-ions 27-360 and s174 are also in this

Fl

_e,—

wn
=}

o

6. Th

',

{

-

zone, Zohe 3 contains le*-52 and le<-60. Zore 4 ccntain
l1e+=58 ard zone 5 dces no* con+tain any lethal or
e — B M P [

s=ezils mutazicns, This is underszandable since the
scresrn is lipmi+ed <o isoldting muza=ions tha%t are
R Sl

-

W

~ e 2 .
- 9 ST »
e - -
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S _ _Tﬁ.b_le_1£-. , ‘ o
- ‘ : Characterlzatlon Qi;lgzhgl_gnﬂ~§tgzlla o
“n L putations isolated in the. unc-22 reqion. =
Mutation length Larval blockage ° . Comments
o {in _mm) staqge ) o
s41 - egqg
s42 - 0.28 L-1 - -
s43 0.80 L-4 . - , , ' -
44 0.30 L-1 to L-2 - blocks in the- moult
S45 0432 7 " L-Y or -L=2 ° ' ' . '
S4é 0.78 L-4 7 ‘
s47 - -0.98 adult ‘sterile
s4& - - ? no unc=22 larvae
g;g 0‘28 L-1
s50 0.72 L-4
s51 0.56 L-3 i -
s52 0.76 - - L-4 - o
s53 0.28 - L=1 to L=-2 -blocks in the moult
s54 - Late larval temperature sensitive
s57 - Late-larval - temperature sensitive
- s58 0.60 L=-3 - fails to comrplement gDf2
s59 0. 44 L-2 fails to complenent st2
] o ~and sDf1
s60 0.16 -. L=1 :
s61 0.76 L=-4
s62 < - adult " sterile and -
' FT complements =Df2 -
_s63 0455 L-3 complements sDf1
~ s64 0.50 _ L-3 complements sDf) and sDf2
s65 0.76 L-4 modifies twitch and -
c ' fails to compleament ggt?*‘
s72 : egg temperature sensitive
s166. 0. 33 L-I or L=-2 complements sDf2
*s167(60-829) - egg? fails Jto complement sDf2
s168 0.65 S L=-3 - fails'to complement st2
s169 ’ L-1

0.25

v

fails to complement sDf2
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Table 12 continued. RS
Mu at:on - "l=ng*k . Larval blockage I comments C
; e e e T . - stage . o L w: ,
*s5170(15-1605) 0.57 . L-3 falls to ccmplnment sDf2
s171(89 228) - o, adul: ‘ sterils but 'leaky' - :
N L fails to complement sDf2
=172(9a 267) smal‘A L-1 ) fails to complement sDf2
. -s173(10-1594) - 0, 58 L-3 ~~--~fails to ccorplement gDf2
' 5174(57 797) - 0~60 S L-3 " 7 gomplements sDf1 and
= X fails *o ccuwplement gDf2
/ e ..~ ‘lethal larvae are dark
$175(27-360) - ~ °~ larval = - - - -multiple- blocks,<fails
' - - - S to'complement sdf2-but
: R , complements st1 T -
s176 . small -1 fails to complement sDf2
s177 small - L-1 - . fails to complement sDFf2
s212 - 2qgg? ’ nc twitcheér larvae seen
s213 : - * egg or L-1 ' no twitcher larvae seen
. ‘ complements st2 ‘
s214 1.00 adul+ - sterile
s215 0.26 . L-1 "complements sDf2
s216 0.98 ., adult: - sterile
- 33-1725  0.u8 L-2 or L-3 “
S 24-77 ~0.40 L-2 . 3 complements sDf1
‘41-1805 C.,80 . L-4 *o adulb ’ complemants sDﬁ] and snﬁz
27-359 0.70 " - L-4 e _ ,.
73-853 - 1,10 - aduls - - sterile, fails to e
' : o o : T .complement S ﬁ o
58-412" -=1,%. - adult - cwr 0 skerile
93-1450 - , eqg? no unc=22 larvae seen

* The rnumbers withou: an 's' in front of them are isclatien
numbére, In *he *ex: some of +he mutzations are referred tc.
by *heir isolaticn number as well as their 's'.number,



~within about one map unit of the unc=22 locus. Eleven

»

7 mutat1ons,£s6s,;s58, s177, s173 s168, s171, s172, - Q_ e

- s169, s176,760r829 and s170, fail to complement with

3 - s
~sDf2 but these have not been tested with sDfl.

) ’ :@A - - l‘ N . i
Therefere,. I gc noz know if they are 1n zome 2 or zohe

4

‘3!.FlJ° othar nutat lon vs60;"s61gf562,*563 and sél,

‘are. presumably in zone 1 ‘or 5 because *hey are o

'-par*;cularly di fflcul* t0 maintaih as s+ocks; the »

-4 .

'lethal keeps. separat *ing from the unc- 22 marker.v

Zoneslz and 3 contain 17 lethal and sterile

~e

mutations plus the unc=22 site!;Four of the mutaticns

1

Lo
, deflne the let sitas, let=53 t-56, let-52 and

2 *® B : - T I P e e

'l=+ 60. Inat;al cempleman at*on tests lndlcate +hat

s170 and s173 fa;l«tq complement (thlS should be o

repeatead) , s168 anals58 fail to complement,ssl74 and

: s168 conplemsnti 546 and s65 complemen+ and, s168 and

- sl%O compfémnnt. IF 1t is, assumed that the 1ndludual“
lethal sites have +he same forward mut atlon rate as the .
ggg:;Z‘sife, 6 x- 10 -+ uslng 0. 025M EHS (Table 13),

then the sample of 309u tes*ed ch»omosomes should have'

A

included hzts at most of the lethal and saerlle si tes
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Table 13. - T
Forward mutation rate a* fhe unc=22 locus. . .

 EMS ~ Type of Total tested = Twicher Estimated
7ccnce;htra-tiiﬁon screen chromosomes . mutation rats

0.025 ¥ sDf2 3,274 2 6°x 10-%
0.025 M Sup-5 (e1464) 6,000 - 5 8 x 10-% -

- - §-2-5 64,000 0 1.6 x 10-5



' (1ii) characteriza+ion of the lethal and sterile

mutations: The effective-lethai phase for each mutation

a

ar

‘igvliSted'in’Table«12 and showh invFigure 6. This 1list

_includss one confirmed embryonic le%hal, eight first ...

_larval stage lethals (L-1), +Wo lethals that block in

+he moul: frem *he L-1 *+o the nex* larval stags, TWO

lethals that block’ in second stage larvae (L-2), eight

'J.

lethals +ha* block n. third stage larvae (L-3), seven

lethals tha* block in fourth stage larvae (L-4), seven

a

_ sterile adults and one lathal that does not have a
fixed stage ofbblocking. As well, there are four other

possible embryenic lethals, two lethals that have not

7

been confirmed as either L-1 or L-2 at their time of

blockage, one letkal that could be either an L-2 or an
—~ , - ‘ -
1L-3 blocker and one mutation that has not been 3

confirmed as eithar an T-4 blocker or a s+«erile adul+.

One mutdtion; 28-339 has not had its +ime of

*

dévelopmenial arreét determined. The effective lethal
phase cf the three fs le~hals has.been detetmined;:with

one blocking in +the egqg and <he ofher twe biocking‘in §
' létexlaqval étageknr, K. Reikki, pétéonal |

communicationy < e

E

Only two of the mutations were examined with - °

Nomarski’ op*ics., The ccnfirmed embryenic lethal, sui,

-

-
<

o



Length (in mm)

0.7

0.3
0.2 -

0.1

— T 1T T 1T 1T T 71T 71T 71T T 1

0= 8 16 24 32 40 48 56 64 72 80 88 96

Age (in hours)

-

Figqure 6. Growth curve of N-2-S vs unc-22(s7)
. and distribution of developmental lethal

and sterile mutatlons. . ,
N-2-5 growth curve is solid llne.,
unc-22{s7) growth curve is dotted llne.
Blocking time of lethal mutations is -
indicated by stars. The figure does not
include c48, s54, s5%, sl1l75 or 28-=339.

s

~y



oo

experiment ¥as done but O OULCIOSS PrOgeny were feund,

t"

3
24

”673 an beccma shiny ard s<traight. The shiny suface

was found ¢ blo t,iz,g,late,embryo_ﬁc stage. One cf

~he adul% sterile mu=ations, si7, wasfexamined. Its

cocyzes appeared morphclogically normal, but’they wer=

1o ferrilized and no zygotes were seen, To examine the

‘possibility tha%t <his was a fertilization defective

au+ant (see Ward and Miwa, 1373), a male rescue

+

I+ is presumed, *herefcre, *hat the problenm is -in

.,

i
i
3
i

Among the L-1.1 als, many of the lethals blcck

in vq y early L-1 3usz a‘te* hatching. Let-539(sl#9) dces

»

nbt avcn stral gh‘en ou* after hatchlng7but lies in a

v 1 /s
cuzl. Twc of ‘be L-1 blcckers tha%-cam move are sd#2 and

s1€3. Th

n

le+-52 gere is importan: because i%s map

posi=ion indicates that it is @ adjacen*' gene to the

I"h
(]
o}
Q
,
N
(3]

- —

| ' The gene, lg;;j&1~is important for two reasons.,

,?::st; becau=e » p as a unique time of blockage, the .

. N ' C
-1 =c L=2 mﬁul*] This was determined by cbserving that

°h= le+-54,unc-22 WOTRS after *eachlng a length of

Mi

Y
:n&icated tha+ t§f WOTImS Here'mculting. Hcwever, none

cf <re wozms proceseded any further in development than



U | '.65‘

N I _ . - - o - P

o+

his s+age. I have recovered twc alleles of h;s gene,

3, O*her muta:ions similar to these have been

o]
[ol}
n

4 a

n

S

} -
s |
O

ated but because of their loose linkage to the
unc—zé gene th2y have been impossible %o keep. The
idéntification of éwo alleles of th= let-Su gene iﬁ
such_a Small'sample suggests ~hat this gene may be mcre
easily mutated than scme Q%,thé other genes in this
area., A second reason for the intereét in ihié‘gene-is

v

+ha+t it gives an indica*ion of the “ime of moul*ing in
urc=-22 mutants, The hcrizontal lines in Figure 6 <how
when +he mculits cccur in an N=2-S worm (Byerley e= al.,

1376) . The *wizcher ard #witcher-lethal ccmbinazicns
- .

would be expected to be somewha* different from this,

The fac<t that iet-Su(suu),uﬂc—22(57) worms block at
apprcximately 0.3 mn sugdests»that»the bar ouid be
'lﬁwe*ed siE htly wher es-imating moult time§ for unc=-22
l;nkad le=hal putatione. Because there will be ' L ,
differcernc e= ©of ar individuél nature in *he differentA
Eutan:_combina:ions, éach double muzant should be

i

fcllowed‘individually Ehrouqh the moulting cycle. This

is tedzouc .and n*obao¢y need only be done with
€

Butations fhatmfaii"In“fh&Whorde:iiﬁe“aréa“bEt?EEn‘tﬁ0*“4”éfﬁ”*i*”m”"

i&rvai"stagEST*if—:ﬁe—&eaqfhfﬁf—ﬂfaﬁﬁiudeee—%adiea%e——f

tke “ime of ths L-1 to L-2 moult, then s 5 and s166

et

bleck in <he L-2, no= in +he L-1. a
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There are two muta+ions -that definitely block in

“he L=-2, le*=60(s53) and.24-77, Three other mutaticns,.

sd45, s166 and 33=-1725 block in either lafts L-2 or in

$“}3§&?,L-3. Among *hese five mutations there are at

leas* two genes, 12t-60 +to the right of unc=-22 and

let=-55 “¢c the lef* cf unc-22., These genes are at least
one map uni=- apar=, From *he complemen*ation “ests done

v

wi*h *he deficiercies i+ can ke assumed that sl166 ard

33-1725 are not allelegs of le+t-60,

4

¥ - : » V
lethals *tha< acrec* development in the L-3 stage

have a hetfercgencus blccking <ime from 0.50 mm to 0.65
mm ccvering <-he whole =zime of growth during <+his
veriod, The eigh® or nine lethal =muta<ions *hat block

in =this s=eage define a minimum ¢f =three essential

si+*=s, This is based on <he complementa*ion *ests of

-he l2<hal muta*fdons wi*h —he deficiencies and =cme

between various lethals.
AU . ’
s

ced on thke Jeficiency teostis, sbiy must define a-site

o
v

cutside of zones 2 and 3, whils s168 an s170 define a

_group withip these zotnes, These latier “wo mutations

-

&

complemen~ each o-her and, -herefore, define separate

: sites,



The lethal mutatiens that block in the L-4 arrest

at a vari 1ty of lengths,th:ougﬁout éhé whole larval.

stage., The lethal le*t-56 (sdb) is import&nt becausé it
is mos=t likely the.gene,adjacent to the left of unc-22.

It gave few recombinants in a large scale mapping .

‘experiment bu: was separated from unc-22 by st1.'Thé
plct cf pointSfin'Figurerﬁ is;mislead;ng because:it
indica*es tha+t the le+hals follow an-unc-22‘qrowth
curvé. This has not been the case for s43 or si86 which

grow siower +han does unc=22(s7) . The lethal s65 shcws

signs of gene in*erac+icn with unc=-22. The stock is

difficul- o keep because $65,57/+,+ vworms do not-

+4i*ch well in 1% nico=-ine, Even the homozygous

~4i+chers have a subdued *witch in nicotine, Both

n

1)

w

le+-56 and are unccvered by sDf2, but they

complemern= and are, therefore, treated as separate

A 4

gernes, The esgen+tial gen2, le<-53, is ancther L-4

blocking gene, which means--here are at leas+t threce

n

50

defired L-4 complemenzazicn groups. The fact that

and s52 complement suggestis that there are possibly

, P4
five 1-4 co¥plementaticn groups.
S Ehglsie;iie*adult_ln:a;ionsﬂ(sz}T,basedMOD'nhe,‘

complemenza-ion t2sts cf 347 and si7i'vi{hHSDf2; wust

fora at least *wo corplementing groups. These

7



- -

muta*lons are more d’ff’cult to map than let mutatlone
because the <wi che*s mu-h be progeny tested.

Conseqﬁently, 11+tlo has been w1+h thlS grcup of

mutations, The mu+a+1on, s171, wh;ch is uncove;ed by
sDf2, is a 'leaky"mutatlcn.>That 1s,ralthough meost cf

“he hcmozygous $171 worms ar2 sterile, some lay a few

L

£ggs, These hatch bu+ as adulis they are sterile.

5 4 ¥
s

~The resul<s of the complementation tests of the

lethal and ster;le mu<a+ions with sDf2 made it clear<
“ha% a wide range of le+hal phenctypes can be exhikited . /,/’7

by different alleles of any single locus. Crosses of
the muzations wi+th the deficiencies which gave. . . .~
hemizygous progeny revealed something of the nature of

- 7’ .
+he mpuitations a2+ *+hese sites, If the mutation at a

iocus was such that +the allele was a nullo (amorphic)

‘}.e. no,ggﬁe,produCt wzs made, “her a hemizygous worm
for that'ﬁu;ét;on should no_ block at a different sé%ge?/  ;-7 -
mgf d2velopmen: frog a weram nonoz%éous’fof'that 7 S ”?;Zgl
auta-ion, I% +he mutaticn,onl§ partially inactivated | , . 1
T ; SR 1 N

“he gerne product, then de;reasing the amount of <the - -

qeLa produck by 1/2 »ight’shifs the stage cf 5,,,,,,,,,,f;,,,,;,;,,;,,

k4

evelc ng_nujl ar *thjxamplasmmh types of

,1
. =€

puta-ion were fcund. Table 14 shows that si2, su9,:565,

s17

(@]

and gl174 are possibly nullo mutations. As either

¢ | |



Table 14.

Le+hal and sterile mutations in the homozygous

and hemizygqous sta*e . Characterization of = = -

g develbpmenfal blockage stadés.

Hntaﬁion; ~’ '/’ ’Hémoiygéusv o ) ::Hemizvqous
"(1etg;et) L (let/sDf2)
s ° , ' L-4 | o ) . L=-3
2 ” 1o o L-1
9&-26? - " L-1 (early) ‘, , agg ”
7785;2§8"”” ) adul+ (stefile,}eaky) adult (sterile) /'
10-1594 1-3 L-1 -
15-1605 o1-3 ﬁﬁﬂ,,' - 1-3
57-757 | ,.~7;ﬁ3" L-3 - . | }43' |
,“gégi_ »~*”""/ S L-2 kléfe)A) - 1—2 - 1L-3 (hermaphrodi+e)
- - L;h'(male)~ -
TE} ’ -1 (early) . p-1 (early)
65 L-4 | L-u B .
‘ ’ B
I o . R
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hemoz ygotes or- hemizygetes, worms with these mutations

tiocked at the same stage of develgpmeﬁt. Worms .

carryirqg +the mutations, g6, s172, s173 and s171 did
shew 2" difference wher either in the homozygeus or the

kemizygoys staze., Each of *he larval muta*ions (slé,

5172; s173) blockod ‘one- larval stagc earller, wHile‘the

Y

adul+” sterile mu=i< _or ( 171) "behaved as‘+hough 1‘~was~ .
nc longer leaky. An 2xamination of “hese data shows
“ha*t +here is no bias for nullo- mutations to be in a

parzicular larval stags. ' C

An unexpected _-del’qh‘ from testing the léfhal

and s**"lo mutaticns with, st2 was . that the effec+1ve

lethal phase fcr s53 appeared b be la*er in malés than
iz hermaph:odi;es. This_neéds +*0 be reéésred Since evern

<he he:maphrédites biocked az a latéfistﬁge"thén I had

briginally'cha:apterized:the lethal.  “A o

-

. The indicaion tha* 542 was ‘a putative nullo led

me fo'examine its i‘te:action with sup—S(eiqu), a

. possi ble,-n‘c maf:onal suppressor (Waters+on and ' N
N — 4 — 7 -
Brennez, 1378) . One cha*acter_st*c of suE-S is it=

abilizy =0 suppress a sub-class of nullo mutaticns of

~ke unc-54 lccus as well as individual alleles of many

c-her genss, To see if %+ could suppress a le<+hal



amployed. Hence, screencs were done for ma*ternal

T

nutatiorn, s42 was initially selected. The stock was

: : , . . R - R,
structured such tkat the pa :eﬁ 'was e1u6u/*;s7,s¢27%,+f¢'f

Thé’pa:ents;iere'alloueﬁ éo lay éggé éi 20 degrees C.

for 24 h:s} and <hen a*+ 15 degrees C, for the rest of-

-~heir egg-laying time, Th2 prcgény were.examinzd fcr

adul*t twitchers. Wore were found -with sU2. Moreover,

b . PR

;oo o

tws ¢<her lathals-“ested, s41 and s43, d4id not yield

switchers either, These *hree mutations, therefore, do

npc*t belong tc the sub-class of nullc mutations that are

suppreésible_by sup=5.

]

(iv) Other screening me+thods: Since the objeciive

in isolatirng these mu+ations was “o obtain mu*a*icns in

each of +he genes In “he "unc=-22 region, i= was

necessary T0 vary *he types of screering procedur=ss

2.

’1eﬁhﬁls, granQChilfless lethélé\and for linked visible

g
ENTaTions, Only one mah--nal le:hal;was fcund in 18u

ay

Chromacsomes examlned and no grandchildless nutations

a

Wwere found in- 182 <wated chromosomes, The maternal

Je*hal has since heen lcb,,

< - . -

=

Four visitle mu*ations have been fqund in the

ragion. Twc cf +*hese, "33 and sgiffére uncoordinafgd.

They impede +he movemen* of the twitcher but dc not



>

avc an? cbv1ou= ef‘eC',on +he tVl‘Ch 1tself. . How

clcse ’hey map +0 'hc unc-22,gene 75 unkncnn. Two cther .

mutations,appear <0 be new. phenotypes. One of these is -
- - . . v - -
the mp=ation T call 'sposty'. It is called this because

+he intestinal cell® havs black 'pigmen=-like!

j@ranules,*either'in +kem, or just on the cell surface.

Y

The muta“ion is recessive and is most easily seen in a

-witcher backgrcund, The double muzatzion bearing _

i:aini spo**y-+w1 cher , grOWs very slowly at 20

€
degrees C. and appears <o be lethal at 13 degrees C. It
ig unalble *o lay 2ggs and, thecefore, the progeny ha*ch.

internally., Cornsequ=n=ly the double mutarnt strain

prcdnces few prcgeny. As yet the map positicn of sgorty

rela=ive *o the =wi<tcher locus is unknoﬁn. The other

rew muta<tion is called 'displaced-vulva', In <he
"wild=-<yp2 wozrm the vulva is placed approximately midway

cn =he body., In worms hecmozygous for this muta+icn the’

s
vulva is closer “o the pcsterior of the animal. The -
exp:essibé of “he phenctypé isrvariable,.froﬁ a
sligh+ly 4isplaced vulva té a worm reéembling a ’
pséﬂ&cmaié.‘it .eﬁme *hau +he- ac*ﬂ~posterler thefvulva~ffm~
is placeé -he more +he werm Peseabies a—ﬂ&le'lﬁ—;%ea ' i_ ————— -

pcsterisr Cegion, Thke muta*ion . is ts, penetrance is

pes= az 25 degrees C.,, but it also can b€ seen in some - = -

irdividuals at either 20 degrees or 13 degrees C. The



‘e

mu*2+icnr maps toc a position half-way be*ween unc=-22 and .
unc-5. Because of +he "dual. problem of pens*rance and )

~expre'ssivity *his positioning-should be consideTeéd

::enta}z

(B

V2, -

A scresn-using 0.025M-EMS in which 3274, e

chromosomes weére examirned for visible mutaticns was

done with the deficiency sDf2, Wizth this stcock T was
Y . ’ e - - s e

able +¢ lock for visible muzations In *he Fi

genera=ion, Tuc twitchers bu* no cther visible

mu+=2+icne were found, I* is too early =c =ell if +«his

means ~ha+t *here are rc visible mutations cleose *o the

K

unc=22 lccus., I% cculd mesan only that cther sites in

“he ar=a are l=ass sensitive <o EMS, Evidence in favour

)

of <his view is present=d in the General Discussion.,
- LoE . i "“;

. SRS

#

Prior =c¢ the ccamencement cf :hi§~wo:k four
visible muta%ticns were known to map in this region in
adéizicn tc the unc-22 site,” These were mapped
:e;a:ivé zc.the. ungc- gene. Thg genes unc-43 and
unc=31 map *o :he-léft cf *hre unc-22‘s;;eﬂuhile,§gg;ig
and inc=26 map o the : '

é “

‘are shewn cn +he genetic map in Pigure 5,

I 4e

gh%, There relative pcsi<ices

]
¢



ITI: Suppress1onj dosage effec+s and qeneﬂ

inter ctzon 1nvolv1ng the unc-22 locus.

v T -

e a

(i) Supp ression by sup—S(e1u6u)III- BUp-S(e1u64)

is arn 1nforma+1cnal suppressoI that maps on llnkage

,grcup III in C. elegans (Waters+on and Brenner,'1978).

r

_I = charac*erlst*cs ar= +hat 1 supp'esses spec1f1c

—_ e ES - e e

alleles in a wide varlety of genes. I+ appears to act

as a dominant suppressor of somé-géhes‘and a recessive
- . 7—;31, k L “ . . . ; i - '» ) - - .
suppressor of others, No doubt this is rglated to the

function ¢f the gene rproduct of the individuél loci. Of
26 unc-22 allelas tested for suppression by su -5, only
s32, an zllele isolated in an e1464 background, showed

B

signs of diminished twitching. ‘The sup=5 mutatidnv

suppresses homeczygous unc-22(s32) onlyiwhen it is
“hemczygous end at 13/degree5AC. The difference in
pﬁenotyﬁié'expression of therdodble~mﬁtaﬁt sug#Si, .
upc=22 is>thaf the worm has a :edqsgf frquencflof‘

+¥+tching in 1% nicetinz even though, without nico*ine,
i+ is a visible twi*cher, The suppression is-much'more

visiple when one compares the double mutant

t

L .elésl/e U6y 532/41 twa agtant J:i}aﬁ; 4&&32/4.—!3933&%?7——

_,he4flIsz_genoiypeehaxeeahgieailyereduced4,3;ech4xhen
comparzd to woramas of <he second genotype, ‘even a* 20

degrses centigrade.

=
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(ii) ‘Dosage effects at the unc-22‘locus: Table 15

shows *he re-ul;s of us1nq various tet T'aploid

tr*plo d def’c1€ncy and domlnant muta ion comblvatlons- o .

'740 analyze dcsage effec*s ae'the Uhc-22 lccus. The

dosage effect a+ th:e lccus 1s,ve:y marked and can be

'mo,st,,,c;e_a,;ly_ seen in -thé ;,diplgid _514:_., the sié,ﬁ,fles;ike,ncy
.gg;;, ahd +he ewo‘friflbide,'e;£+2¥ end s1/s1/+. These
data sﬁgéeéfifhe amouh of;unc-ézigene productethet
mus* be tinactivat=2d' *o give, eitﬂerra £ﬁitch in 1%
-nicotine or, ‘a visible phenotypic twi+ch. The .
E*eakpo*n+ fcr a 1% nicotine 1nduced twitch lies
be—ween 33% and 50% gene n&oduc* 1nac21vatlon/ whLereas,
*o cbtain a visible twitch requires about Gﬁﬁtéene
produet’ihaceivatibn in'males-end_a somewhat higher -
percentage of inactiva+ion in’hermaphrodiies. Iégs 7 ‘
dl‘ferent al effect acccrding to- sex in the s7/s7/+ -
- t:;plo;ds uas*unexpec;ed; All +he males twitcheq |
uheteas, only the early larval s+ages o‘ ébé
hermarhrodi tes twi*ched. The ‘adult he*maph*od*tee dld
no: +*wi<ch., This may be a size rela;ed phencmernon

‘ratier +har a sexual one i.e, possibly there is more

inertia in the Iarger adul: hermaphrodites for muscle

-_coﬁfracticn sisply tecause of their bulk, since when

they are the same size as *hke males, they do ti%éfp. 7J\A
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Table 15. s , >
© _— - : ] R ;

.. . _Gene dosage at the unc-22 locus. -

Genotype Normal o 1% . - Presuméd X of

) . . & Vl ‘a - nicotine | , h protein ihgétizg :
§ézgt o "-AWﬂ~-+;Wff~gf—A~fff4—ﬁh~+—m~—k ) SO“ =
s1/s7 + - S+ 77 100

ST/+/+ - IR % . Lo 33

epf2 o - | . s
'57157/+0~>', .+ (males) |+ T e

+ (young‘%ermabhfadite)*'

) -'(édul{ hermaphrodite) |

as2/+ .o e e

- m52/%/¢ - . -

,_53'2/‘7 o - : B N . : - 7 50 N
s32/s32 .+ o e 100
el46k;s32 s ¢ - *
elubl:s32/+ - : ~ + (slow) . L o ok

.* These woIms stop twitching after a few minutes,

** This pair and the follcwing pair were done at 20 degrees C.

*¥*Prom the efficiency of suppression of unc-54 and unc-15 aileles

by ell464 (Waterston and Bremner, 1978), a rough calculation of Phe

"amouunt of normal unc=22 protein p%fseﬂftin e1464:s32 and
=2LT e 1 R e

in the el464;s32/+ woras can be made, This vould be éhout

*

. 10% in el464;s32 and 60% in el1464;s32/+.

-

- . . -
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On the plates containing the's7/+£+ triplcid werms

EEN

most of the worms twitched in nicotine fcr‘a-fewr‘v
minutes and then stopped as shown in Table 15, These
were the worms used %o make’ietraploid‘tji{che:s.

. [ 2 )
Usually diploid worms homozygous or heteiozygoug/f%; an
] - - “ -

urc- 22 mut ipn “witch in nicctine .for hours. .2

)

puzleng,resultAﬁas'tha%, on these plates with worms

> -

*that twitched for a few mirutes and stopped, there were

WO Wwcrmes *hat would continue

et

always cne oOr

These latter wcrms behaved as if they wer s7/+} Since

there were so few of them I can only assume tha* they

Were the productS‘of‘an unusual segrega<ticn in *he
e+rap101d paren*,such *ha‘, in th= cross +/s7 malec

»

-;mes -ebraplo‘d u*ld- p= hermaph:odltes, ao*-all fhe"

U -/ e
prcqeny were truly,tr¢plqéd, but some were diploid ¢r

-

SR ‘at least aneupleid for chromosome IV,

(iii) Gene interac+ion involviﬂg the unc=22
" -alleles: An important gcal of this‘thesi= was‘tc 160k
. . B \ ,
for mutatichs that' ig 3.4 centrel the d*sorder cauced by

e

L ,,,-a,,,,:,m:- ﬂ&t&ilﬂiit *ke m,zz chnsFIhsLa;lpmclL n,_ed

was*{g}try and obtain eVef€33?§" of some of +the

alleles of the locus and analjze‘thefr properties.
. . i Lo A
2y N X * N i - f . ’

~

b
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~and Were. laoselyAllnkeﬂ_zg,ggg:§,4h31n94~epa£aiedebyfmef_

Three uQc-zz alleles, s8, sl18and s12 were
examined for F1 teierﬁants aftefbbeing treated with
0.05 M EMS, Ho,referéants of s8 eere found‘in 1.8 x
105 tésted ch:oiosones, end none were foﬁnd for gL;

in 1.1 x 105 *est=d chromosomes, Allele s12, however,

gave six 'revertants' in 7.8 x 105 tested chromcscmes

(Table 16) . Theseﬁteve:tants had a dual phenotype.
They veferdominan+ suppressors'of s12 and looked
wild-type when he;;é%zygoushut, ihenvhoméiygbus; fhey
were slow and stiff except for §1§»Hhich.had only a
veak hemozyqous visible phenotype. Their suppressicn of

s12 was quite s*trong since the double mutant s<rains

did not twiich evan in 1% nicotine. Again, s75, was the

exceptiﬂh because'such individuals.did twitch in 1%

1

nicotine when a double mutant with si12,

All_six 'revertants' segregated independently. of

' .unc=-22 and were, therefore, po+ true revertants i,e,,

+hey wers not second si*e mu+ations within the unc=-22

‘gene, These new mu:aticns all mapped to llnkage group I

_abous 23 map units. Allelism t2sis with scme of the

uncoor-dinated genes on chromosome I gave an unexpected
resul+, All the unc genes *ested complemented excert

one, unc-54, a gene that codes for a heavy chain of



/ .79
Takle 16.
Sc_r'een for revertants af the un’c-;22,locus.

tested - éonceni_:ratiqn tested o isolates -

] ) » . ‘.; o - ——". e ‘ —. N ‘VV' — 7777’7 - —
s8 0.05 ¥ .. 177,000 Q -
=18 . 0,05 M 110,000 0 -
s12 0.05 M 780,000 6 . 1 x 10-5
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myosir (BacL°od e+ al,, 1377), arnd which maps
approxima<ely 25 marp units,frdm dpy~5 (Brennez, 1374).

Cne cf the new mu*tations, s74, when he*erczygcus over

unc¥541e130) had a rherotype that resembled *hs
homozygous s?4 phenotyre., In an initial’experiment,

about 25 000 chromoscmes were examlned fo* a

:ecomh;nant be_ween s74 and e130, and none wererégﬁgé:
Sirce *hen a larqa scale screen of this heteroallele
was doue, Tvclcrqsscveré vere found in 17 plates., I
estimate that tetween 2 x 103 and 4 x 103 worms

weré on cach pla*te in this screen, This new mutaticn,
s74, appaared to%be an alTele of upnc=-54 and to map

[

relatively clcse 20 *the allele, €130. Table 17 shcvws

-

*+hat *he c+ther mu*a*ions are ali allelic to s7

?
Animals hcmozygous for all unc-54 alleles so far
described in +he li+erature (Epstein e+ al., 1374; N
Macleod et al., 1977; Waterston and Brenner, 1378) are

characterized as being +hin, transparent, almost

totally paralyzed, unable “o lay eggs and incapable cof

promoting muscle birefringence. u,dAz,ggla:izingwligh;m;fWm@fw

Bicroscopy. Ihe,s;x,ngygunc-5u4allélgs, s74, s75, s76,

s77, <78 and s35 appear to be quite different. Mcst

-

animals of such strains are fairly normal in size, ncne

is clear and all are capable cf movemeni to some
. . 4

o
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Table 17.

Allelism tests of various SUuppressor

Heterczygote

9

Bu*tants with s74.

,fastmmalgﬁg_islnx_male”'W

1,mm@BhenQ;ipeﬁa£f,

slcw male *

€61,5TU/+ +

261,s74/+,576

e61,s74/+,s75

261,s74/+,s78

ebl,s74/+,s77

261,s74/+,595

+ -
+ +
N + +
+ +
+ +
+ +

aliAmales‘normai
(++) slow, slightly unc
(+) onlf £lightly slow -
{++++) almost stoppéd
‘(+++f slow and unc

(+++) slow and unc

+

* There are two interrelated phenotypes to look for; slowness of

movement, and an uncoordinated (unc) movement., The scale + to ++++

refers to slowness, the ++++ being the slovwest,



- degree, alihnngb#s1B4aad4s35_an;malsga;e;almés;;%exal

-cell appropriately. Siwmi Iafﬁtﬁ wild=type mus cle,

W
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A

Y . .
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paralyzed. The ability to lay eggs islcon;omitant-iit

@ : ‘ . .. :
the degree of,paralysis, £75 laying many eggs, sS78

layinglfew eggs and s35 laying none. OnheXamininq s74

under pclarizing optics the muscle appears to ke
normal, or if no*t normal, at least laid down within t
X
repeating anisctropic and isotropic zones arranged
longi+udinally are observed (see Frontispiece) . These

are t+he A bands and dense bodies and the H zones and

1y
1

h

he

I

bards. Dr. R. H. Waterston (personal communication) has

since examinad s74 worms under higher magnification (

1,000x as compared *o my chservations at 400x) and

states that the A zcne is not discrete although cne can

make out the dense todies quite clearly. The edge of

+he A zone appears “o be fuzzy which, he says,

‘ihdicates_that the myo<in molecules may be splayed ou

2

Even wi*h +his degree of disorganization these

mutation%,étili have good birefringence, The unc-54

alleles like e130 dc no* show this crganizaticdn and

have a markedly diminished birefringence (Epstein et

al., 1374), I+ csecems *th=sse new putations represent a
nov2l class c¢f myosin mutation where the myosin is
sequestered and organized correctly into actin and

myosin bundles but has lcst a portion of its ability

corntract.

t.



Ar examina*ion of +he interaction of these rew
mycsin alleles with varicus alleles of the unc-22 gene

kas prcved revealing. Most of +the work has been done

using unc-54(s74) and so the comments will reflect

*his. Double mutant heterozygotes of s74 and various

twitcher alleles show that oven-one dose of s74 is —— —
sufficient tc suppress twitching in nico*ine of a large
number of twitcher alleles as heterozygotes (Table 18) .

The exception is m52, a dominant allele of unc-22, but

L > .
note that the suppressor was capable .of suppressing <+he.

visible twitch in this instance (Table 18),.

THe manneé of suppression of unc-22 alleles by

unc-Sh(s7u) is allele séecific (see'Téble 19). . .

Heterozygous doubles of s74 and various unc-22 alleles

give progeny with a wide range of phenotypic ra+io's

»bétueen wi;ﬁ-typej what I callgrigideslou and twitcher.

These ratic's extend from an 11:4:1 ratio of wild-type
: unc : twitcher, am examplé,of dominant suppressicng;

+o a 9:4:3 ratio of wild-+ype : unc : twitcher, which

indicates that the suppression is recessive, A ratio

intermediate between these two would indicate that the

suppression is semi-dominant,

1
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- Table 18.

Effect of 1% nicotine on heterozygous mutant individuals.

Ga2notype tested _ ' . Phenotype *

‘ wila-txge ' twitch in /
\ . hermaphrodite ** 1% _nicotipe ***
- g Y B
+ ; +/s8 . § + 4 +
+/sT4;+/s8 s -
+/sT4;+/s34 - | R =
+/574;+/536 | | + -
+/S74;4/052 | | R A
+/s74;+/s18 + %? -
4/sTU 4/s14r 3 7 +' -
| +/s7ﬂ}+/532‘ v : + | -
'+/s7i;;t+/s7 o R S -

* The test ihvolves looking for wild-type .worams on the plate and,

<

7

wvhen these are found putting them in a 1% nicotine solutican to see

if they twitch, -

were present

** & + sign means wild-type hermaphrodi

*** A + sign means the worm twitched in nicotine.

*%** A jerking twitch that sSeemed to be somewhat slower:

p

S
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pable 9. e ) .
__ Suppression of anc-22 alleles 5y‘é7u. - o
Parent geno;yp; Phenotypicrratio iﬁ F1 Type,ofysuppression
; wild s7ujuhc) /tiitcher . o
s7ﬂ/+;5124:' . B ) 4 R 1 :' go&inant,‘
- “5'11‘4#7;587&!; T . j b *'*ﬂO’ﬂI.IIT&II‘LL"tU%"—‘;*fJ“
| 9 o " o _:3, | semi-dcminani
sTU/+3s57/+ * T y ; ,xi | ' domiﬁéntvto )
. 3 4 ) i3 4 | semi-dominant :'
C ST4/+;s18/¢ * 11 E u' o o o dominant to
3 4 B .~ semi-dominant
574/+;536/+ . 11 R 4 - 1 i cemi-dominant
39 4 | 3
é?u/+;s34/¥’ o : "4 - {7 T semi-domiﬁant 
] : 3 . 3
E RS7“/+;514/+, . - 79 4 . 3 © recessive "
sT4/+;832/% g 9 4. 3 e xreceésive \
574/;;552/4\, o 9. s 3 ):5}>@0minant to \
| | Lv8 ) 4 - *u y f wéemiedominant
_ ¢

3

S *x all thégé_ﬁéiféffii'5W75¥£7ﬁwi'f(fEEinwhich is an impossible

configuration. © . o ,
*% The.allele m52 is a_dqminant allele of unc-22, The 8 : 4 : 4

ratio shown here is not possible.
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The way +his cap/; ssion works is illus*rated in

+he series of Punret: squdres (Figures 7,8,9 and 10).A
Dominant surpression allowed only 1/16 of the progeny !

+o be twitchers since .only *hat prcportion of +he .

progeny were homozygous for +the twi+cher pmutaticn and £

alse homoqucus forvthe wlld-type allele of unc-SQ. The

e

,=uppre ron oF s12 was of ‘hlS +ype (Flgure 7)u To
confirm :ha; this was the case, several s12 twﬁtchers‘

from “he double mutan<* were progeny tested., Ncne;df
*he twitZhers gave progeny +hat were =uppressed.
) .

" Recessive suppressrcn means tha+* s74,stopped the L

twitching induced by *he unc-22 locus only when i* was
homczygous, and, *herefore, s74 inhibited only 1/4 of
: r

the'twitchers, srill leaving 3/16 of +he total Erogeny

-

as twitchers.’Th intera ion of s74 and 532 or sl4 was
anvexample of‘rhls +*ype of suppresswon (see Flgure 8)
-Several s32 tw;:chers vere progeny ‘ested Scme of

rhese twltcherc had. prcgeny +hat were suppresscd The

unc- 22 alleles, s7, <8, s18, s34 and 536 did no* fit

either an,!!;u:1'ratiopno: a 9:4:3 ratio, but instead

exhkibited intermediate ra+tio's between these. Thic was

”mosi,p:obably due .tec the fact that in *hese cases sg74 -

behaved as a semiadominan:,suppreSsor4”Thismsuggesxed,‘

L
P

that it was a 'leaky' dcminant sugppressor i.e. some of

the twitchers that were 'supposed' +o be suppressed

) 7 ) - 1
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wild .

Figure 7. Punnekt square of sl2 and s74 interaction.
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Figure 8. Punnett square of s32 or sl4 and s74
interaction. ' '
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''''''''' Tactually. 'leaked' through>aﬁd-ap%eared as tgiichers-x* :

tsee TablE'T@J%nﬂ‘FIqure”QTm“une number ot tHluCheIS

was a mcasufe of the ah111+y cf the s7u mutatlongto ¢

=uppress a par‘:lcula1~ unc-22 allele. The raw: da+a . VQ‘l ;7
indicated that '£74 suppresses g8 fairly well but that \ el

.~

i+ suppressed s34 poorlykas a dominant.

7

5

The interaction of s74 andfﬁéét fherdcﬁinantri; i‘ S

+wiftcher q*v s almost the same ratio of progeny 1n *he*

-
: \

F1 from a double helerozygo e as recesslve suppr9551on C ,,j;f7,
does, but for a’+o*ally dlfferent reason (Table 19). S ig

The Punnett square in Fiqure 10 illustrates what is IR

occu:rinq.ﬂﬁh the ¥1 progeny from the double

he+terozygo+e 3/16 are obviodsly-twifchegs. An ex*tra
. . ‘ B o, ”
1/16 is necessary to fit an 8:4:4 ratio. Again, the

E

-~

;;yn.ls that =he s74/+;m52/0152 group is

leaky such tha+* a few ard ;igitche%s. This ‘“ﬁ:f

seemsS t0o be what has harpened, since of flv
- ( 'c
that I pregany tested, one qave. slow-rlgld p;ogeny as Ay NG
- % - T
.. well as +witchers, These slow and rigid worms produced’ )
- S. _1he 7
b S T
progeny that were phenctypicallyésiﬁilarx%elihgmse1ves

P l
in_*he next genera+1on. I* would seem *hat,,even when

__ [ e 3

he+erozyqou=, S7u>is a falzfileiiec v° supp'escor of a -

- _ = . : - ~ s R R —

homozyqous dominant tu:tcher. S - .
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sup

~ ~ Figure 9, Punnett $39§r9-9§j57¢ P;:‘

~and s74 interaction,
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Figure 10, Punnett squaré of m52 and s74

interaction.
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By using the unc-54(s74) mutation, it' is possible

tc separate various unc-22 alleles according to their

response o suppgessiqni The suppression by s74 of s12
) S s/8

and sl14 correspcnds well with the birefringence

patterns exhibited by individuals tearing these twcf

mutations (see Figure 11), The allele, s12, for

S S . I — _ _ . el

Véiample, caﬁées very'iiétie diéofdérrinrmuscie
structure while KAL) animais (Figure 11) appéar quite [
disofganiZed. The myosin mutant, s74, isfable tth;_
suppress *he tﬁitching and to reestablish normal
biref:inqence. Individuals éérrying *he dcuble mutants

s74;s12, s783s12, s95;s12 and s74;s32 all have near

ncrmal birefringence, The degree cf suprpression (s12>s72

s8>s18>s5362s34>s142s32), does .not seem tc bear any

relatiogship tq:the mar position ¢f the unc-22 alleles,
i.e.,-suppression does no+t seem to be-polarf This can’
be illuétrated by no*ing that s12 and g32 are at
opposite ends‘of the the suppressicn speétrumrbut,map

rext to each other (see Figure ‘3).

since these new alleles affecting mycsin have a

tange °f,h°ﬁ921999$,EQEPEFYP?§LWEF§,Fh?,éligﬁf§§iﬁ
2 o E _ ,
appears to be in about +the mid-range in severity of

'paralysis, I suspéct t+hat the cther novel alleles cf

unc-54 will have *heir own specific pattern of <*witcher

&



93a

Figure 11. Polarized light microscopy pictures of

unc422(512)land'uthZZ(sl4).‘

0 a) sl4
b) sl12

Magnification 400x
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Qup;n.ess:.on. In par‘lcular, ths two ex*reme allele= for

paralysis, s75 and =35 are probably worth examlnlnq.

———

4Préliminary experiments on s77 and s78 tend to support

+his idea (Table 20). The data are confounded by the
fact that one is examining twitchers that are

heterozygous for two different~unc-22 mutations, but I

bEelieve the inntito”heiyalid.," o ,_rﬁwr,”. B

‘Werms homozygous for the allele s77 phenotypically
resemble s74 worms while 578 individuals are the seccnd.

mcst severely paralyzed worms of the group. The crcsses

' shown in Table 20 gave outcrpss‘FT_progeny'with four

genotypes as shown in Figuro 12. Since =elf;crcssed

tWWtCher hermafhrodltes could not be sepirated from

'outcrossed twrtcher hermaphrodltes only male progeny

were scored. A 1 1 ratlo of wlld-type +o tu1tcher
progeny *nd*cated no dominant suppre551on, a 2:1 ratlo
indi cafed semi-dominant =uppresszéh and a 3:1- rat c

1nd1ca ted that =uppres<10n was dominant, None of the

combinations showed recessive Suppression. The patterns

of sdppressi il;ustrated by the two unc=-54 alleles

was ’d’i’.,ffé rent, ”Wi’fh”"é7‘8v” being a more effecti ve

=uppressor of alleles ¢l4, 58 and s35. Thé ﬁhc‘Sﬁ’

- =

allele, s77 appeared in most cases to act as a“

semi-dominant suppressor while s78 behaved as a
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Table 20,

Suppression by unc-54 (s77) andrugg-su(s78)

of various unc-22 alleles,

Genotype tested ' Number of males in F1 *
wild-type twitcher

§ZZZ11§12£3 x sl& o .ﬁ;ﬂ;igﬁ(z-aL; W (1) **
s18/+;s12/+ x  s14 58 (3) T ANCIRS
s77/+3s12/¢+ x ° s8 25 (2). 14 (N
s78/+:s12/+ x S8 60 (3 - 17 ()
s17/+:s12/+ x §i§ 54.(3) . 18 (1)
s78/+;512/+ x s18 38 (3) 12 (1)
s77/+;812/+ x  s32 468k(2) 31 (1)
s78/+;512/+ x 532; Tw2.2) 0 C 20 (1
sTT7+;s12/+ x  s35 2@ 15 (1)
s18/+:s12/+ x s3s5 393. (3) o 13((1)‘
m52 49 61

-~

s71/+:812/+ x

|

-

* A4 1:1 ratio indicates:no dominant supppression., A 3:1 ratio
indicates that the suppresion is dominant. This is not thé case

for m52 a dominant allele of unc=-22.

. %% Numbers iﬁmff)~in&icate~ratio:”9w S
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- \ ‘ :
. | | |
Po o une: 4(s78) . unc-22(s12) X ——t . unc-22(sY) .
. + : » + R —— -y ————————
| o + unc-22(sY). L
% : " ;J&;’,E‘ e
e B
F1 g unc-54(s78) . unc-22(s12)
| + unc-22(sY)
| o unc-54(s78) . +
- -+ " unc-22(sy)
o + . unc-22(s12)
. + : unc-22(sY)
g + . 5
+ unc-22(sY)

recessive suppression =

11 wild s twi
dominant suppression = 3:1 _ wild:twi

. Figure 12, Protocol for testing suppreés{on by

unc=54 'alleles of a heteroallelic
mutant unc-22.,
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dominant suppressor in the majority of cases., Also of

importance was the Oobservation that s32 was the only
allele not suprressed dominantly by s78; when

heterozygous with 12, 532 was suppressed in a °

semi~dominant fashion. The allele, s32, was :he one

'+hat s74 was *he least successful in suppressing, It

sheculd bé':ecalled that,s32vis thevsuspectedrnullo

allele. .~ \ S

The technigue of testing different unc-54 alleles
_ for their ability tc suppréss unc-22 alleles allows for
an even finer discrimination bestween the twitcher

alleles. For example, =74 grouped s14 and =32 together.

“but *he data from s78 suppression experiments suggest

~that s32 is a mere severe muta<ion than s14, I* sheuld

/é%e obviocus that this technigue noz only allou; for thei
{ ranking of tuitéher mutations according to fheir
‘} se&érity bu+ also aildws for the quantifying of the
_R severity of unc-54 mutations.

{\ . . . .
LN ’ .



“Compared to N=2-S worms, +these worms are thinner,” move
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- ———IV: A phenotypic-characterizationr~of mutations at—
thefunen22—E{xnu;fu%énéuf%héfuexpefimea%sfeﬂ—geﬁekf

interactior.
_ ‘
The role cf the unc-22 gene in\fhe oﬁéogeny of C,
elegans is-unknbwn, To gainvséme uﬁderstanding of the
function'qf this gene on linkage groﬁp iv, several
observaticns have beéen made. The problem has been

approached from a number ofxdifferent directibns; ,

=

~genetic,;mo:phclogical,vphysiolcéical and biochemical.,

The majority of +he mutations at this locus are
recessive, but +there is one allele, m52, which is S
dominant (isclated by Dr. D, Riddle). Worms homczygoush_
fer an unc-22 mutation ars characterizedvby a twi*tching
patterncthat exﬁends along the badyfwall musculatureg

hence these worms are referred to as 'twitchers?,.

slecwer, have fewer progeny (N-2-5=280; §1=200;_§;g=180)
aﬂd have an exterded developmental *+inme (Figure 6). A |
particularly useful characteristic of the unc-22
mutations is that they twitch in a 1% solution of

nicotine as hetérozygotes. This has allowed for‘a

number of manifpulations involving this gene~€hat

otherwise would no* have been possible,
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»

~ The twitching pattern of worms with an unc=-22

mutation make it distinct and was one reason why it was

1

chosen for this study. Since Commencing this study a
seccend 'twitcher! has been found. This'is the:gene
desigﬁated lév-11 whiéh'maps on chromoéome I,nea:
unc-54 (Dr. J. Lewié,fpersonal communication). The
single mutation_known fot fhis gene produces a weék
visiblas twitch whern homozygous, but as a heterczygcote - - ..
does not twitch a+* all in 1% nicetine. This may exglain
why I failed +o reggver any alleles of +his gene since
mcst of the unc=-22 alleles were isolated using 1%
nicotine in the'Fl generation after EMS mutdgenesis.
Heterczygous dcuble mutants of lev-11 and various
'un¢-22 alleles failed to show any ?§vibus sighsuof gehé
intéracficn.‘ .

An.elect*on micrsscépy (EM) study of the qnc-Zé
alleles s7 and s32 was done (Lr. D. Popham, personal
communication). The EM showed that the muscle in *he
adult +witcher was very aisorganized, with clumgs cf
actin andAmycsin in'different parts of the'cell. ?he
muscle cell bcundary was irregqular, mitbchoﬂdria WETE -
blown ou< and}filaﬁénté were runningatirreglar
angles (see Figure 13). Birefringence studies also
indicated tha* fhe muscle was abnormal (Figure 1) .

-
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Figure 13.'E1ectron'mi¢rogcqpy pictures of N-2-S
and unc—22(é7) in crbss—section.
a) N-2-8
b) unc=22(s7)

Magnification 21,000x
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Under polarizing op+tics tha muscle was thinner than

-wild-fjbé*huscle, and disorqanized patches were sezn

alcng *he ent -ire length of the body. A qualitatives" ]

pa*a‘lon of ‘he var cus groups ‘Wwas- made based on

S

their degree of disorganizatidn (512 and si4 being neaf7”
R : o E -

[

*he extremes, see Figure 11). ~ - ‘

*‘““sﬁ~—~ﬁ%e‘uncr22 mg}gilons cause muscle twltch ngr This

l ——

F———

could be done via the nervoue sysfem or i+ couId be due

L4

to‘a“disorde:vin.the ‘muscle itself. The fCllouingstwc

o6bservations I believe make it impossible %g;lonsider

the unc=-22 mutations as a ﬁeural problem. The first
observation is related o fhe sffect of\q;cotine.
Nicctine 'is a mimic'of'acetlehcliné (Ach)>in
veriebratéfﬁetVOus systems and causes COatractiqq“cf

skeletalfmuscle (see Albers,'1972{;for an overview),

The nematode seems to have Ach, or’at least the enzyme;
cholinzs acetyltransferase, which is necessary *“c make

it (Mr. Jip Rand and Dr. R. Russell, persornal
< 4

“communication). As well, +he addition” of Ach causes the

contraction ¢f the body-wall mﬁscdlature in cut worms

(cited in Sustcn et al., 1376). Ach seems to ac* tkLe
same way in nemafodesAas‘in’vsrtebratss.‘Nisotfne
causes a rigid paraiysis in an N-2-S worm. It does the
same in a twitcher, bu* the diffsrence is that it Ftili

continues to twitch over and above the paralysis.
- )



he seccnd obs;rvatlon comes from a cut worm :

assay., If an N=-2- S worm is cut 1ntc three pleces, with
one incision belnq beh*nd *he pharynx and the p+her
,belnq pecstericr to +he vulva,«all ~he pleces will qo

flaccid and: wil}l not meve, If a twitcher is cu* in the C

ks

'*e\same f&ShIOH’¢EChACf**ﬁﬁ pleces will continue to 4'wl‘t:ch

- . p .

for‘at»leasi“seyeral mznutes. _Each. iece seems- £0 ke
. S SRS
autcnomous, no* needirg any central nervous systen

~mw-nput. The twitching also does not seem *c ‘be the

result .of a contracticn having been jnitiated in one
muscle cell and then spreéding to the others. This
'possLhility migh+t have been suspected since Debell et

(T963L showed *ha* Ascaris lumbricoides muscle

cells are alect recally coupled and White e+ al. (1973)

have suggest=d that C. elegans muscle cells are the

same. . A' .
These observations would argue-that whataver
causes the +witch, it is somethirg other than the -

neutal input, i.e:, *ha* i+t is t'downstream' frcm +he

neuro+ ansﬁ“t*er/muccle recep;or p:ote ho! ]unc+1on.
However, ‘neural Input dpes'seem capable of,ellcitlng an

effect, ‘'Overstimulaticn' i.e. adding 1% nicoctine can

somehow stress *he system such that a worm heterczygcus
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for an unc-22 mutation will twitch., A cleéarer examgle

of this can be seen when the nicotine is increased to
thefvéry high leve}\of 5%.va¢n N-2-5S worms vikrate,

The vibraticn locks phehotypically similar *o a twitéh;'
A rescent resul+ obtained by Dr. J. Lewis (perscnal
communicaiion) is dfvinterest here, He exposed uérms to

oubain, a cardiac glycoside which inhibits active

;odiumréﬂérﬁdtaééium éranspor?) 7ﬁéif§uﬁa ££§£
wild-typs wornms become:paralyzed-buf that twitchers
keep on twitchinglwhile in the chemical. This again
sﬁgges&s that the unc-22 disorder is localized to the
musﬁle éell. u ‘

The urc-22 induced twitéh is influénced by the
con+trac*ile apparatus, most notably by the unc-54 gene
pccduct, myosin (MacLecd et al., 197;). A double mutant

c¢f unc=-22(s7) and unc-15(e73), the gene'for paramycsin

(Wa<-e-ston et al., 1377) appears paralyzed, but on
cleser examina*in one can see a slight surface twi*ch.

T#is car be observed more easily if the worm is put in

1% nicctine, An’ﬁnc-ZZ;unc-Sﬂ(e19Q} worm is totally

paralyzed, Therze is nc twitch, neither in 1% nicotine,

nor in higher doses. The importance of the unc-54 gene

prcduct fcor twi<ching has been demonstrated with the
disccvery of the novel alleles of myosin (see Results

I1I).
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5 iﬁeee,a;eAatuleest:unﬁﬁp4mmesfcedieé—éee—a—myesin
heavy chain in the nema%ode (Eps+e1n et al., 1974y and .
Dr.an H, Waterston, personal commun1ca+1on), ‘unc-=-54
‘and one other gene code for a 210,000 molecular weight -

rolypeptide, while a third gene codes for'a 206,000 -

molecular weigh*t polypeptide, The unc-54 gene product

is found'alcng*wifﬁ“the*other'210}000xmciecuIaféveight
myosin in the boinuall.mustle,}unc-Su prqdqcing ahogg
75% of the heavy chain @yosin. The 206,000 molecular
weight myosin is found only in the pharynx while +he
cther 210,000 mclscular ﬁeiqht myosin isvfoﬁggein'the
body-wall muscle and;in éhelpharyngeal muscle (Epstein
et al;,1%97u{ HacLeed(et al,, 1977;‘Schechat,etual,7A
1977;.Hackehzie et'al.,\1978{. Sihce at leaseﬁf;o
;myosin'heavy Chains'are‘found ina bddy-wall7muscle.
cell the ques ien ablses uhe+her the twl*éh could be
“trerouted' through +he cther body-wall myccln The
aforementicned data suggest +hat it cannot be, but .
since this pincr body#wallvmy051n forms only 25% of'the
to*al myosin iﬁ the.celi, perhaps there is just not'

enough of it to geqefate a visible +witch. Af er all,

~homozyqous unc- Su(eISQ) WOTmS are unable ‘o move as

adults ever ulth 25% of thelf body-wall my051n intact.
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~ An experiment to’ examine whether the»twitch Can be -

re;ou,ed through the othor body-wall myosin has besn

done (;1ng an indirect suppresor of unc-54 and unc=-15

Q

mutatlons, sup=-3, whi ch is located on chromosome v

(Riddle and Brenner, 1378). The moae of suppre551on of

sug-BQappears‘to be by causing ar 1ncrease in the e | -
¥ - ’ .

amount of'thé minor body-wall myosin. Riddle and

Brenner (1978) suggested this and Dr, . R. H. Waterston
(personal ccmmﬁﬁlcation) has shown +hat'sup- Worms

have gt least Lw*ce as much of the minor body—uall

myosin., Wl‘h thlS *nforma*lon an obv1ous questlon 1s,

wha§ does a worm of the genotype e19st7;sup-3(eluO71 | }*¢;

lock like? Tc be more specific, can it +witch? Ths E A .
apswer is that +he worm does have a very slight surface_' ;
twi*ch which can be enhanced if the worm is put in 1? | |
nicotine. Even *hen i+ is a rather weak twitch., The,
worms develop slowly and lay\onlyra few éggs, the
méjority of which hatch internaliy.

{Ehé*twitch Can, therefore, be rerouted through the
o-her body-wall myosin. The reason that’ the tuitch is .

so weak is noct clear but is most probably because the

levels to that'of a wild=type worm, X worm with the

' genotype unc-15(e73);unc-22(s7);sup-5(e1405) /+ was alsoj
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and function, To determine the role cf this gene, its

‘protein product must be isolated,

5»'.7"

examined for its abili+y to twitch and, as exéécted,'it,

wvas a much better “witcher +than an e733s7 worm and was
: : " - ) B .
even capable of laying many eggs. Several lines of = .

evidence converge *o suggest tha* the discrder caused’

by *he unc-22 nu*ations is relata2d to muscle s*ructure..

Some preliminary

one-dimentional sodium.dodecyllsulphate (SDS)

polyacrylamide gyels, which separate proteins according

o their mclecular weight, have been run on s32, a

putetive nullo allele cf the'unc-22 gene (Dr. C. Kreis,

personal communication). At presen* no demcnstrative

» Lo

difference can ke seen in the proteins on gels of £32

,apdkgelsrof N-2-S.
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‘Gereral Discussion.,

- cooT . s -

(1) The size of the unc-22 gene: A preliminary
estima<e of *he uhc422'gene §Eze, based on the +wo

outermost alleles, 516 and e66,.is 1 *to 2'x 10-2 map
units, This is *he first repored recombination map for -

any gene in C. elegans. Two other genes are presently -

being mipped, unc-54 and unc-15 (Dr. R. H. Waterston,

personal communication; Ms. A, Rose and Dr, D. L,

Baillie, 'persoral:.communication), with estimates of

L3

eir gene size ranging from 10-2. to 10-3 map

th
uni+ts, It is +oo early “o *ell if *he recombinaticn

‘size cf these genes is comparable +to that of unc-22.

& .

From the data of Sulston and Brenner (1374) on +*he

amcunt of unique DNA in *he worm, 6.7 x 107 base

13

pairs; and the totql\distancé for the genome of 320 map

uni+s (Bremner, 1374; Riddle, 1978), I have calculated

that *he unc=-22 gene contains approximately 2 to 4 kb -
cf DNR, If‘thié whole region codes for the struc+ural
element then that iézehopgh‘DNA‘to code for a prctein

of a molecular weight lte+ween 70,000 and 140,000.

I
This calculation should be treated with caution
since *here is an inherent assumption here that DNA

lergth and mapping distances have a direct correlation.
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This is an oversimplification for there are a number of

7‘43IfficﬁltiésvEnfequatiﬁé’happ{ng units wi*h leng+hs of
DNA or protein, This resul*s from two'aspects of the
sfructure of *he genone, one being £he éosition of the
geﬁe alongrthe length of *the chrcomosonme, and‘the other
:being, for lack of é bettar phraséology, the uclectide
gompositiog of  *he gene.vIn the firs£ case i m

referring to the 'centromare effect! (Beadle 1332;

Thempson, 1964) whereby, in D. melanogaster, genes more -

proximal to the centromere have been found to have a

reduced'rate‘df exéhahge when compared with that of

€

mors distal genss, Thié’phénomenoﬁ also appearslto'take_

place at-+he tip of +he chqpmosomes, in the telomeric
. ¢ N R " ’ ’ ST . 7
region, where excess DNA per map distance has been

-

founda(Rudkin, 1965). As a consequence of *his effect,
genes that appzar clustera2d on the genetic map around

“he centromére, or a+ the telcmere, ares physically much

«
=

L]

furtler 'apart along;the actual ch:omosome. This can be

seen on a polytene m&?r(see Lefevre 1376, page 58,

[}
¢

Figure 21). Wha*t *his means is thqf 0.01 map units
does not contain the same amount of D§A in all parts of
*he chrcmoscne,

In C, elegans the chromosomal loca*ion of “the

centromeres is unknowrn, and,. therefore, whether the )

Y 5



unc=-22 locus is similar in recombination frequency to

an area that is proximal to the centromere or +o an
area that is distal %o it is inknown. If my statement
about gesnetic maps is true, then there is a suggestion

as to the locaticn of the unc-22 gene relative tc the

centromere., A comparisgn of the linkage map of gg

elegans (Figure 1{4with that of D. melanogas*er (see
Herskowi+z, 1365, page 185, Figure 13-4) illus+rates an
“interes+ing similafity, this being a*clustéring of

mutants in specific regions. In Drosophila the clusters

'are at the centromere and thé telomeres wifh‘a'siring
cf siteé joiﬁing +hese, and in the wo;m you see the

r,samé phenoméda.: Thiéki5~particularlngbviCus~on
chromosome I of the woﬁm, énd suggesté fhat +he éeﬁter 
of ﬁhe_élusters may be -the site ofnthe ¢éntromere (és
6riqinall§»prdposed be Brenner, 1974), A caveat here is
that, sihce&Herman ét al., (137e6) havé obtained free ”
duplica+ions iﬁ—the wérm, tﬂere is Ehé'possibility thé£
+he chromoébmes haéefdiffuse centroméfegm If.this'ié

*he case then i* is impossible to know what *o predict

in§§egards to DNA .conten*t and map distances at this

-

‘:ime . _ R I's ., _ N - o :" ' - . e

If the chromosomes of the nema*tode do have

localized cen*romeres, the position of unc-22 at the

-

?
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right4ﬁéﬂdfgégé”6ff¥he cluster on linkage group IV puts

it well away from the centromere and into *he

- ‘ v
eucHromatic pcrtion of the chromosome, Rudkin (1965)

hkas shown +hat in Drosophiia this region of <he
chromosome shows“; very good‘correlation betﬁeen DNA
content and mapping dis*ance, Data from procaryotes
also shows +that *he prébability'of cfossing-ovét.is-
abou* the sanme élong +he DNA molecﬁle._Watson ({976)
uses a very nice example *o illustra*e this point,'a
comparison of “he genetic ﬁa£~;; +he phage lambda
generated by Ama*l and Messelson (1965) with a physical
map of the gencme produced by Szybalski (cited in

Wa*son, 1376). The correspondence betwsen poihts on the

+we maps is amazingly accurate. - - *

ﬁith these examples of close correlétion between
crossing-over and physical distange}‘is +here really‘a
need for cauticn in using the general ¢alculdtioh
employed at the begirning of +his discussion? I believe.
- +here is because, u% to *his point I have only been.
discussing the problems with correlating DNA content
and crossover frequency a% a m2dium leve1.§f
'»resolution, but if one examines recombination at the

level of individual nucleotides several phenomena occu:c

which can have a drastic effect on *he relationshirg

i

4
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‘between DNA length and mapping distance., These

observations are summarized E?IBw T B -
First, Ronen and Salts (1971) found *hat
recombination rates for the ‘separation ofradiacent
‘bases vary by at leést three orders of magnitude in
v,aifferentAparfs}of'the rIi cistron of bacteriophage T4. -
Secéhd,'they found that even théit higheé{ rdfé:ofri B
crossihg-ovér,between adjacen+ bases was‘tﬁo orders of.
maqn{tude less +han was predic+ed from experimentgv‘ I
'Imeasuring average genetic distanée. If there had no+
"been §£her sxamples of *his behaviour, +hese findings
 qou1d be dismissed as being arspecial prcperty of
:eqombination be;ween adjacent nucleotides. But there
are o*+her exémples,’such as the work of Notkin (1970)
‘6h hatk%# épeéific effects ip.the lac operon of E. coli
and +he work cf Moore and Shermar (1974, 1377) on
recombina+ion iﬁ the,iso-1-thochr0me o) Qene pf yeast.‘rt .
They *0o0 have found +hat physical distances ére of

secondary importance when examining recombina+tion

within a gene, What emerges from this work is the

3

©

knowledge tha+t the- recombination distance within a gene

is not strictly a functidn of the physical distance

separatirg *wo markers, but that the ability of each

marker *o recombine is a func+ion of i+ts neighbouring
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nuclneAldesT~aad~iha$—iks—iype—9£—base—shange—#4ib44P444444444444444f

+he codon 1+sslﬁ,can,haﬁeua,dzamaslc,nffpc+ on the

DNA's ab‘ll y *o. rccomhln )

i
-

From +he afcrementioned and adding to it
statistiQal-¢onsiderations I conclude that +the estimate

obtained on *he amoun* of Dnhﬁwithin the unc=-22 locus

Lo

'is but an approximation, A fmrther complicatidnwensﬁessvaff~s¢~w——vv~
when *rying to‘éstimate'the molecular weight of the

upc-22 gene preoduct, This arises because the struc*ural

2

.and requlatory regions‘iithin the unc=22 gene have nct

yet‘been delinea*ed, A+t present we know only that_the
?

riqht portion'dfvthe genejis paft'of‘the codiﬁg element
sirce s32 maps 1nto +his region and it is suppressed By
sup=-5, *he _nforma 1cnal supressor. 0f course *he
entlre;r egion may codb for the struc*tural elemenx, and
any cis-linked regulaﬁory sites could be cutside of 

.«

*his area, as was discovered a* the rosy locus ir B.

melanogaster (Chovn-ck e* al,, 1976). I suspect *his

13

may be the .cass= for th° Followlng reason: If omne takes
0.01 map units as an average,genewslze and divides‘the
*o*al 320 map units by'tbis‘number; one would estimate
+hat +hls organ‘sm has 32 000 genes. This'?sﬁa ﬁﬁsh"

higher numbnr +han Brenner's (197&) estima*o of 2, 000

genes or Baillia's (unpubllshed results) of 4,000

b



genes, which are based on forward mu‘atlon rates.”ff,
houev_-, +his whcle region were structural and *he

Y

'regulatory sites were outside of it, then the number.of

‘Q

enes would be considerably less. Fur<hermore, the

disccvery +ha+ many genss of eucaryotes have inserts of

stretches c¢f DNA tha+ are not transla;ed w:*hln,+hs

s*ruc*ural element of ‘ha gene has demons*ra+ ed thau
there is no simple correlation between a DNA region,
<he primary *ranscrip* and the final proteir product

(seae Crigk, 1 73, for a review).

Bn alternative method of obtaining an estimate of

.2
the~unc-22 gene size is +o use,tﬁe approach cf target
} o . .
theory. Simply stated the target theory assumes that
'thellarger +he mutational +arget, the more easily it

wlll mu a&e. Forward muta*+ion rates between various

A}

qepcs can be compared anH the genes can be ranked in
sixze; +those w1+h ‘the higher mutatlon rates being the
larger ‘genes., By this crlter;a theiunc-22 gene appears
largér *han *he average genegin ;he nemaQode. I found
that the forward mutatioh fate foﬁ’this,ggne using
0.025M EMS was 1 per 1600 +estod ch'Qmosomes. Since
Brenner (1974)  =2s* 1ma+ed +he average fo*ward mutatlon

P

fraquency for a gemne in c. elegans.using 0.054 EMS at 1

per 2,000 tested chromosomes, my da*a suggest the
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unc-22 gene is more sasily mutated than *he averagse
gerne, W

@

Evidence from anothér approach confirms this. J.
Zengel ard H, Eps*ein (personal commancation‘froﬁ Dr.
J. Zengel) fcund that, among 112 EMS induced
muscle;defective'muténis ihéy isolateé; thefé’ﬁéte 35
(31%)iwhich were allelic +o the unc=-22 genq:'All other
geres, ©xcep% cne, were represented by less than 7
hits, In fact ﬁost genes had only'one or‘no'hits.at
all, A particularly interesting resultvwas tha+ the'onepb_

)
exception %o *his hit frequency, the unc-54 gene, was:

as sensitive %o Eps mutagsnesis as t+he unc=-22

gene (again, 35 unc-54 mu{ants in +heir samplé’which ié»
31% of:the total). The unc-54 gene is a very large
gene, coding for a 210,000 molecular weight myosin
heavy chain (Eps*t2in =2+ al., 1974; MaclLeod e+ al., /
1977). A measure of *he absolute forward muiaéion réte
for +he unc-22 locus,‘and a comparison of relative l
forward mutation rates,émong a number of lcci suggest
that the unc-22 gene is larger than the average qgngii
In fact, if thg compari;on with unc=-54 ié justified it
is a very large gene, codingrfor a prctein with a

molecular weight _of as much as 200,000 daltons,
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BU* ‘are the above statements justified? Target

- theory makes the:;ssumptian tha*t all factors other than .

\

N

gene siza are aqual and the mutational hit fraquency is ~—._

strictly a respOﬁserté +he nuhber bf‘base~pa;}ﬁ\£n the
+arge+, *he.more base rairs the. higher the probability .

of i+ baing hi:, This is not the true situation.

Several factors will vary between genes} +he most

.,

imﬁo:tapt of thase being”fha GC +o AT ratio within th%@§

gene.zTEié is important Be;ause EMS haS"é base
,specifiqity: causing’p;iharily éc to AT.fg;ﬁsitioﬁs ’\\\
(Coulondre and Milier, 1977). A gene of iow GC content
will obyiously'have-a reduced forward mutaﬁion'rate
with EMS. Gene*ic 'hofspots' witpiﬁ a gena will also
biaslfhe data (Benzer, 1961).fﬁiller and his ¢o-wcr§e:é
(see Hiile;, 1378) have demonét;atgd that small 4
nucleo*ide tandem repeats ﬁithin 3 gene can act as
mutational'hotspots;réimilarly, Coulondre e+ al. (19{8)‘

have shown that in the laci)gene of E. Coli,

5-methylcytosiﬁe is :espbnsibié for transition

hotspo+s. This is ag}importapt cbservation when you

corsider that in,manf eggaryotes 5-methy1cytosine-

comprises 5% of fhe cytosinérin the DNA ( data <*aken

from Davidson's 'The Bicchemisrry of Nucleic Acids' 8
N

edi+icn, 1976). On the other hand, from the limited

_da*a available, nei‘her +he unc-22 nor +hé unc-54
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intragenic mdps demcnstrate 2vidence of mutational

botspots. Ancther criticism is that *he protein i+self.
may be insehsi*ive <o amino acid changes. A final

crit¥cism 6f +*he *arge* “heory is tha* since ithe highar

order organiza+ion of DNA in +he cell is unknown, we

cannct be certain all genes are equally pccessible to

the mutagen. - — . .. = i .

—

" (ii) The resolving.power of gene+ic fine stfructuc-e

anzlysis in *he nematode: Bearing in mind the

1limit of resolu*ion of *his system 2rd <hat it is qu

criticisms I have’éfated in the previous section, one
can use the value of ? kb of DNA pér 0.0 map unit]to
make an estima+te of *he rasolving power c¢f fhe mapging
procedures used in this work. The two closest alleles

© pp——

so far resclved are s and s8. They are about 7.6 x

10~%mrap urits apart. A first order approXimation of :

A\

“heir physical separa*tion is 160 nucleofﬁdes. It

should be. emphasized <ha* 160 nucleo*ides is nc* <he

[

ro

rucleo*+ides simply by increasing +he number of

ir the “sample. This would involve +he
' -
screening of 106 woras, a number well wi+hipn +he

I
)
=]
m
o
Q
o
®
7))
e

practical limi<s of this sys=em, TO increase the

resclution fur<her I believe iz is necessary to vary
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scme of <he present experimerntal conditions. Several
possible manipula*icns are feasible, At present firne

s+ruc*ure mapping is dorne at 20 degrees C, but it is

o
krown =hat increasing tha temperafure’to 26 degrees. C.
will almost double the cross-over freéuency in the
nematode (Rose and Baillie, 1379). This same effect has
been obéerved" in Drosoph_ila (Plough, 1317). Dcing fine
structure experimen+ts a*t 26 degrees C. should increase

' : 4

+he resolution a further *wo-£fold.

I+ would be useful if a selective system whereby
) ‘ Loa
vorms homozygous for either allele being examirned dle
or are a* least slowed dcwn in their development
sufficiently %o minimize <heir contribution %o the F2 .
"genera*iorn., The mutatien unc~-43, which maps 1.6 map
upi+ts o the lef+ of unc-22, can be used in this way.
i} L : - V
As 2 dcuble mutan* with unc-22 it has a particularly
severs phenctype and grows very slowly,
- I -~ . : .
Le-hal and conditional lethal mutations can be

used bu+ $keir usefulness deperds on *the order of *he

alleles being *ested. For example, by using the — ———

unc-5{e152) s+*ock tha* carries a ts egg lethal tha+*

maps ~he lef* of unc=-22, one can maks +the following

unc-22 heterczygote,

- -
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anc- 5(@152),+s°,unc 22(sx),dpy u(e1166)/unc-u3(e266) unc- 22(sy).
If +he reccmh‘natlon expcrlmen+ is done a* 26 degrees » '
C. ‘both of *he unc- 22 homozygous alleles are
of‘cc‘lvely °l*mﬂna‘§¢ f;om contrlbutlng progeny +c th°
F2rgeneratlon. Incre351ngrthe samtle size in +his - |

manner increases the resolu*ion a further two—fold i

'sXx is *o0.the lef*t of Ei' If sx is to the -_ght of cy

er all wild-+*yp2 cross-over chromatids for unc-22
‘will carry +he ts le+hal and if they segregate with the

chromatid con+aining e152,£s?,sx, ©1166 then +hat wornm

will die and the event will not be recorded. A ts
maternal le+hal would allow tiﬁe to réscue +he
recombinant and shift it down to 13 degrees C. This
way the recombinant could begseen and é}sc progeny
tes+*ed, Prelinminary :esulfs'ipdicate +he EEE:E 1inksd
lethal nutation is a maternal 1e£hai._
S !

Another possibility for inc*easing'the resolution

'is tn use the reconb1na+1on °nhancer (Rose and Baill

1379) ., Stocks homozygcus fo ﬁ;the,enhancer have an

increased recombination freqﬂeacy m¥1ﬁ0~s*fuetufa~w~—ﬁ TR

mapptﬁg‘could—besﬂcﬂﬁrsﬁ\%heuenhanenf baekgzounds—\gﬁ,, .
Unfor+unately, i* is nc* known'if the enhancer
increases intragenic recombination as well as 4

intergenic recombination, If i+ do2s, in combinatien
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with increased *emperature and a 'balanced' le+hal
system *he resolution of thie system could be increased o ;
by an order ¢f magnitude, ' .

-

Another possibili+ty would be to use the steck

sDf1. Deleticn mapping within a gene is a powerful tool . ... . .

and was very impcrtan* in fine structure mapping in

procaryo+tes and bacteriophage, most notably in the rll
regionrof{bacferiophaée gﬂj and also in the *ryp+torhan

and lactose cpsrons of E. coli (Benzer; 1959,1961; V‘;
Nomura and Benzer; 136 1; Yénofsky et al,, 1964;
Beckwi+h, 1978)i This technique has beeniused little,
however, in eucaryoteé. Thié is primarily'becausé
in*ragenic deficiencies are not only difﬁicult to
obtain bu* also difficult to characterize. The
excep*ion +*c this is yeasi where deletion mapping has
been usedvextensivély, most no+tably in positioning

' mutgtions in the HIS U4 complex (Fini and Styles, 1974) .

- Deletions have been put *o limi+ed use in Drosophila to

analyze the organiza*ion of the complex loci, white,

no*ch ahd“fhéwééﬁééfé:EEﬁ;é”§?§féﬁjwﬁﬁaamiTgs1) with

+he aid of a deficiency was able to spli* the white
. ) ST

complex intc “wo functional parts, and notch has en

localized *o salivary band, 3C7, using deficiencfes'

{(Welshons, 1374; Welshons and Keppy, 1375). An
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in+riquing géwdyﬁof fhe'achaete-scutécomplex has teen
done with the}aié of‘dhpiication—aeficiency
combinations and ieft-right inversion'recombinants.
(Muller, 1335; Muller and Prokofyeka, 1935;
Garcia-Bellido, 1979)._This, however, is about the
limi+ of +he use,sf de ficiencies in higher eucafydte -

fine structure analysis.

Whether sDf! ends wi*hin +he unc-22 gene is

unknowr, but It does nct extend into what’is thouqhtAto
be *+he adjadentvgene on the left;hand side, let-56, If
+he deficienéy were showﬁ,to break within the géne i+
wogld be usefﬁl.fOt impreéing the resolving ébwet of
+*he system and for analyzing £he‘left-hand boundary of.
‘ the gene, To examine this possibility the heternzygote

unc-43,unc-22(s16) /sDf1 should be set up and the

offsprinq'examined for wild-type progeny, which if
fecund, would confirm,that”the deficiency does no<

ex+end *to +the erd of *+he gene. :

t

Wi+h the simple modificétiqnsfdetailed here the S
resclution of *the qpé-Zz gene could be pushed |
practicaliy t¢ the single nucleotide ;evel. Tge wofk of
Benzer (1959, 13€1) on tAe ;i; locus in T4 firs+

sugges+ed tha* +he basic unit of recombination is the
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nucleotide itsalf and “*h2 work of Yanof%ky (ﬁ?63f
demons*trated i+ a+ the,mbiecular‘levei‘bj'using mutaﬁté
tha+t alter *he same amino acid in the é;béljpeptide of
t:thophan syn+he<tase of‘E..coli.‘Few\sfsﬁems in |
eucaryctes havs thé resclving power *o séﬁaraté'
adjacent bases. As pointed out by1Chovni¢k:ég al,

(1962) +his is 1argeiy dué to aVproblemﬂin experimen;al,A
design, most workers-simply'cannot séreen‘sufficient |
numbers cf progerny. In +*his'regard the nematode is a

very promising organisnm.,

.

(iii) Corversion and a novel recombination even{:
The da*a accumula*ed by myseif\on the_unc~22-dene and
\ T
others on +the genes, uné-15 and unc-54, (Ms. A. Rose,
personal cecmmunica+ion; Dr. R. H, Haterséon,'bérsoﬂai
communication) indicate that conversion events QO cccur

- in this crganism., This statemen{*sgguld be qualifi%d.
Vé . ' . R

’
/

- The data a+ ¢resen* shcw high negatiﬁe interference,
*hat is, a much higher “han expected frequency of
apparen* doutle crossover events. The ra*e of

3
occurrence of *hese events, 10-%, is cemparable to

rates of genre ccnversion ‘obtained for D. melanogaster

(Chevnick et al,, 1971). -

The prevailing viewpoint at p:esent'is that all

R
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cressing-over originates as a conversion event (Hurst.

et al.,'1972;'Hastingéi;1975;»Catcheside,'1977),-Its

S

detection imn C, elegans should, therefore, no*t come as,
v - : :

s

3

a-surprise, Of in*eres* is that the ra*io of ’

M

- ron-reciprocal events tc reciprocal events in *he
nematode is much lower +than has b2en found in ‘yeast or
v 3 - ' - "/

v

.Jq

n Drosophila, Hurst e< al;!(1972) have fduﬁdl%hat half
of all conversionary ev2nts;dreva$so¢iated'with“a
-reciprocal recombinaticn €of &eigﬁbouring mate:ial in
'yeas+. Chovnick e+ al;,-(lQ%!)'wofking oq'therzggjl

¥ t§ N
locus in Drosophila have concluded *hat thes ratio of

crosscver events e conyersioﬁ events is a reflect*ion
o0f *he distance betﬁeen'two aileles; the closer +he
alléles; the greater “he bias toward a ccnversion
svern+, Only when éilelés,were at the ex+*rene oppoSite
ends of the gene did they find that recipfocal events
occurred one-half othhe time. In the majority of the
cases reciprécal.events were muchAEarer; In the
nematoée my obserVaticns were quite the reverse. In no
ins+tance 4id +the cénvertants account for mcre phan 30%

of the exceptional individuals, Assuming that

crossovers and convertants have the same relationship

in the nema*cde as in Drosophila, the obvious

implication c¢f this data is that the unc-22 locus is.

quite large. S ‘ X



“The. other observation tha* should be mentioned,
i L -
which agairn is based orn limi*ed data, concerns *he
conversion frequency and “he mutant allele map

positionm, The”datarthat;sgilge?comparéd;aie the

corversion frequency for ‘the alleles s8 and s12. These.
alleleS'map fo,opposite =nds of the locus (Fiqure 3).

A1+bough "the data. p*esented ho"e are not suff1c1ent to

prcve s+ta+tistically 51gnif1can+ differences in

cornvarsion frequencies, *here is an indication +ha+ s12
is involved in and poss bly promotcs non-reciprocal
exchanges, 0Of 15 excep 1onal 1nd.Lv:Lduals, 11 came fronm
hete:ozyqqtes lnvolvlng EJE (Tébie u). Two
interpretations of this~obsefvation é%e possible, = The

-

firs+ squas s a polar:ty _n‘conver51on frequency )
‘within the locps qoing f:om{ggswith a low frequency éo
s12 wi*h azhighvf:equeney. Thé conversion rates of
alleles between the twc does not substantia*e +this
interpretafion.'Thelother possiqility is tha* s12 is‘a
‘macker effecff‘éllele (see Hastings, 1975, for a
réview);‘That'is, there is something peCuiiar about s12
sﬁch that it has the ability to'prdmote non;reciprocal

exchanges. Mcre da+a will be needed to clarify these

spaculations,
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To detect ard properly analyse gene conversion
requires +he recovery and examination of each of *he
four products of a single meiotic evan+, This is why

*he lower eucaryotes, particularly Neurcspora and

“yeast, have been used to study non-reciprocal exchange.

«

In lieu cf *+e*rad analysis, Drosophila wcrkers have

developed a system thrcugh which +hey can examine two
of the four prcducts of a single meio*ic event, This is
the halfiteﬁrad systeﬁ which ﬁakes use of ‘attached-X
and attaChedlautosomes 0 analyze conversion events
(Chcvnick et él.,,1970; Smith e+ al., 19i0; Ballantyne
and Chevnick, 1371). The developmen* of a half-tetrad
system for the nematode would be a useful contribution,"
At present we are limi+ted to a random analysis of
mefotic even+s since we CAn recover only one of thse

@

prcducts of a single meiosis,

Periodically during *he fine structure experiment
clones cf non-twitcher worms were observed on a single
: s
plate, However; less *han one non~-twicher per plate was
expected, because cf'the»:arity of recombinatipn
events, -These 'bﬁrsts' of non-twi*chers cccurred 16
*imes among the 104 putative recombinants, and were the

result of both reciprocal and non-reciprocal exchange

(13 of 16 show=d an exchange of outside markers). The
B ‘i
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trivial explan?tion is that <%hs2se clénes were the
resuit-of crossing-over in the F1 geﬁératiqn.f This
explana*ion is incapable of.accountingifo: th; majcrity
of the obsé:vations since an FI1 recombiﬁant was hot‘
found on most of the plates and +he burst size in most
cases was too small to be *he progeny from an F1
recombinant. There is tha possibility these clones were
+he result of an F2 event and 'that Ifwas'ékamining the
F3 genera+ion, I d0 no* b=alieve this was “he case

7 .
bacause *he brood time was not long enough for a third

€

genara+ion “o ma*urs and ncn-twitcher reccmbinants do

not grow much faster than a twitcher (see Figure 6).

A reasonable hypc{hesis is.that these bursts of
non-+witchers were *he resul+ of mitotic exchanges"that
cccurr=d during gametogenesis. This exchangé.céuld have
cccurred in a stem cell involved in spermatoqenesis or
oogenesis, In the‘newly hatched L-1 larva there are 4
ptimordiél calls which‘iay down £he whole of the
rfproductive system (Nigon, 1965; Hirsh.ef al,, 1976;
Kimble and Hirsh, 1973). if at any *im2 during the
development cf %his system one of the two stem cells
inrvolved in gametogenesis uﬁderwent‘a mi<otic exchagge
within the unc-22 gene “hen *here wohld be % 50% ch;nce

that +his stem cell would be wild-type at the unc-22



-

-locus. All future oocy*2s frpm this cell would alsc be

wild-type.

Similar observations were reported for Drosophila

®

but th2 size of the clonas were much smaller, usuallyl

con*aining only +two or +three individuals., Differences

in gonad morphology between C. elegans and D,

melanogaster may accoun* for this difference in clcne

size, Smith e* al, .(1970) found that one of thedr

non-reciprocal even*s a* the maroon-like locus in

Drosophila was the result of a burst and concluded +hat

+his was due *c 2n intragenic evenf having occurred in
+he previous genera*ion. Ballantyne_and Chovnick (1971)
repqrted a similar cccurrence at +he rosy locus, and
Chovnick e+ al. (1971) found several examples of
vclusterinq in a large expariment CQ“recombinéticn at
the same lccus. Thay examined“11 qlﬁsters of 2
exceptionals each and found *hat in 5 cases *he “wo
excepticnals were gene+ically idehtical bu+ tha* in the
otﬁer & *+he individuals were different. Chovnick et al.
(1971) concluded that *he clus*ers were not'the resul+

-0of a premeiotic gonial mitotic event. In con*tras*t *o

‘this, Gelbart and Chovnick (1379) during a study on

unequal cressing=-over in *he rosy region found three

+andem duplications that appeared to be the result of a

126



single gonial event, The poésibility of qonia;'mitotic

events occuring in Drosorhila is therefore s=ill under

debat+e,

v .

soma*+ic tissuz, Tt was observed in Drosophi

-

1936) and was’indpced in the n=matode (Bab and

v

Siddiqui, ﬁnpubliéhed results) . Asvwell;'Roman (1956)

observad +hat diploid yeast cells racombine while
Lowl :

. dividing mi*ctically and demonstrated t +the
recombinants were largely due *o non-reciprocal

?

exchange Reman, 1363). The clusters ob*ained from the

unc-22 gene were of the rzciprocal and ncn-reciprocal-’
+ype. These cbservations, therefore, are not at .

s

variance wi<h *he above., In yeast a mitotic and a _

o

Ny

meic+tic fine struc*ure map of the iso=1-cy*ochrome c

gene ar2 availatle (Parker and Sherman, 1369; Mocre and

3

Sherman,:1375; 13977). Both methods separate the
2lleles within a gene in a similar manner, although
X-ray mi*otic mapping is more sensizive tc -marker

effects., The posi*ioning data from *he clustered

racembinants a*+ the unc-22 site was consistent wi+th the

da*a ob%ained from +the meiotic recombinants in every ’

de+*ail, I believe these observations make a strong .

argument for *hLe usefulness of clus*ered recombinants

a (Stern,

127

£
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in de+*ermining *he gene+<ic organization cf a locus.
Mitotic rascombination in .yeas* is increased with
ul+raviolet 1ligh* (Roman and Jaceb, 1358) or X-rays
(Manney and Mor+imer, 1364) and in fac*, *his is part
of the stardard procedure for dcing yeast mitotic fine

structure mapping. Perhaps this technique could te

v ' -

adapted for use in the nematode if the océu:rence of
these clustered recombinants could bs increased in the
progeny of a heteroallelic worm by low 1eve1$ of X-rays
applied to the parens. This would be an additiomnal
method for increzasing *he resoluticn cf fine structure

mapping in C. =2legans. However, this increase would

no* confirm *ha*t “hese clusters are the resul* of

+ric events because XY~-rays are also known to

O-

mit

increass the méiotic recombina+ton frequency (Muller,

i

How else migh+ clustered recombination da*ta be

xplain=d? A possible/explana*tion comes from

D

observa“ions on reccmbination in Drosophila males. For

Lk -

a long *ime i+t was assumed tha* male r=2combination did

not take place in D. melanogaster (Morgam, 1914).

Recently, however, many natural popula*tions of 2;

melanogaster were found which, when cutcrossed, gave
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males with a low la2vel of recombinazion (Hiraizumi,
1971) . Of relevance is that these males some*imes gave
a clus+ter of recombinants., This observation was

re+ed as indicating that male recombination was

interp
premeiotic in crigin (Hiraizumi et al,, 1373). °

Ar al*erra*ive to +his interpre*a*ion was proposed

by Henderson e* al. (1578). Their view is based cn
ments

L 3
o
e

per

results “héy nbtained from a series of =
using a heﬁerozygous paracqﬁtric inversidn male .
reccombining steck and a noninvarted mérker gene male
réccmbining stock. The expérimental rationale was fhat,
if recombination in males was 'convehtiénai' and
premeiotic *hen no cﬁ:cmosome aberrations should appear
during meiosis in asither of th;se stocks, If
reccmbination was +he resul+: of a"convenfion;l'
meio+ic event *hen the heteozygous inve_sion;stock
should give some cells +hat contained dibentric bridges
and fragments (from"crcssing-ove; wiﬁhin the

inversion), while t+he noninverted marker stock should

appear normal,

- 3

The resul*s were surprising, for “hey found *hat
-all’+he males +ha*t showed recombina<ion, whether in

inversior heterczygotes cr no*, alsc had anaphase

7



bridges associz4ted with first ard second meictic ,

division. This resul* suggested tha* the spontaneous

chzcmeosome breakage a2nd male recombination were part of

. 0

+he same procecs, Pur+hermor2, there was a lack of

-

o

chromesomal dicordsrs at thekmetaphaée I stages which
indica*ted +ha+t *he br akage and reunion even+s did nc+

g o'emﬁﬂo* c qcﬂﬂal mizosis, Frem these data

p.

cccur 2ur
they ccncluded,that *he breakage and r=sunion events,
which could :ecult in tridge forma+insn, fragmentaticn
o2T Tecombinzticn cccur:ed during meiosis, and that the
clustering of zecenbirants mus=- be “he resul* of a

primary gonial cell 'discrder' which subseguen<+ly

cells., The vossibilisy *hat reccmbina*icn clus*ers in

C.,elegans are due <c 21 analagous’ event cannot be g
diesccurn=ed .

(i) Tke esssen*ial genes in the unc=22 regiocn: The

~2*ral pu*a+ior aralysis 1s <he mos* difficult par-+t of

n

+he =hesis *¢o ccamen* upon because =he analysis 31

inccaplete, A rnamber cI complementa+tion *es t are still

Tegquired and several le+hals are ye*t =0 b= pocl-iuned : -
celza=ive =0 *hs déficiencies cr 1nc=-22, De,p*+° these \\\\\;
1 N

reserva-icns szcme general conclus*ons can be s+ ated.
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The purpose cf this portion of tha thesis was ‘o

“ry and identify the genes adjacent to the tyi;cherr
site, =0 de*ermire the distance between *+hese genes and
urc=-22 and further, +*o <ry and 'saturate! a limpited

around urc-22 for mutational si¥es, Some success

firs+ “wo cbjectives was ob*ained but +he

03

comple=jorn of <he “hird objective needs to await future

research, _

Genetic analysis identifies <he genes adjacent 40 g
urc=-22 to be l2t-56 on <he lef+, and let-52 on the

righ%, Judging from *he recombira+ional size of the
uic-22 gene (0.0Y tc 0.02 map uni+ts) these flanking

4
[y

geres z2re as close recombinationally, as unc-22 is in

lergtk, nulfiple allelic series exist in Drosophila
which céntain*lethal as wall as visible alleles (ssge
ﬁaéc:n, 1361; We;shcis, 1965) . Because these two lethal.
au=2a=isns map sc close, “0 the =witcher site +there is |
~he possibili+y thaé*ﬁhey are le+thal alleles of *he
1nc=22 gena, I believe +his is rather unlikely for the
following :easons; The most severe affect a mutationt in
tae st:uctu:al clz2ment of a gene could have would ke *o
stcp *hLe fc:ﬁafibﬁ”Ef"éwfﬁ§CEi6£éI’pﬁI?@é@Eiaéfffwhiyé J
previcusly argued *that *he allzsle s32 is jus®t such a

“ .
an*z+ion, ye+ worms homczygous for s32 are net lethal,

-
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although, they are slower in development and lay fewer
% R

eggs. Bs well, *he dcminan* mu*ation, m52, is nct L

letkal whken homczygous and yet;is obviously a very ‘ s

severe mutation, Further, since .let-56 complements

: T3
: S ,
sDf1, ¥we know i+ mus* also complement *he unc-22 gene ‘q

and trerefore, by definition, it forhs én adjacent, yet -~?¥';
séparate esseniiél gite, The let-52 si?e.has not been
defined as well as +this, If a fire structure experiment‘
wers done tc demonsirate that s42 were further to the
right of s7 *han s12, “he argument £or Eﬂg!beihé a
separate gene would be strengthenéd. There is a :
possibility +*he le+-52 site is'a,mutation in the
con+rol element of +he unc-éz'gene. This again seenms
unlikely since in other eukaryotes control elements for
genes have been found intractablesto mutagenesis (Dr.
A.,Chovnick and Dr. P, Sheiman, persbial

-

communication).

LI
¢

Wi+h the preliminary identification of +he

o

adjacent genes to +he *witcher site, the cbvious query

. | . C o . .
is whether their position near the unc-22 site means
~hey have scme special relationship o tha* gene? >

Cbserva*ions of *he hcmozygous double mutants

let-56,unc-22 and let-52,unc-22 did no* reveal any

cbvious interaction beiweern *these sites (unlike the



dnly lethal bu+ alsc subpresses.tﬁiéching in tﬁeidéuble

mutan<), This does not mean no interdétién occdrsi  ST
between these three genes but only;thét i+ is ndt;
casily discernabl9. Perhaps one aéproach to
investigating the relationshirp of *hese three sites

would be to examine +h: homozygous,let-?,unc-zz

mutatigns in an unc-54(s74) background. Hy work

indicates tha* “he gene products of unc-22 and unc=54
interact. Possibly unc-54 and the essential sitec in

+his region alsc interact,

o

In alregicn 1.5 map uni;s toreither side of thg
twitcher I identified at least nine essential sites,
Five of tﬁese were within’'0,5 map units of the unc-22_.- .
gene and four of these were uncovered bj sDf2, TheééA

four lethal mu*a*ions and their times of blocking

developmen* ars: le*+-59(s49) blocking in the L-1,

let-56(su6) blocking in the L=y, leot-=52(s4?) blockingi

in *he L-1 and let-60(sS9) which blocks in ei+her the
1-2 or L-3, ihe mutations sl2, s49 and s53 are
cons:der=d the canonical alleles of tﬁéir respective.
genes bzcause when hemizygous these'mutants did nbt
blcék any esarlier in devélopment. on fpe cther hand the

allele su6 when hemizygous blocked in *he L-3 which

El
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means “ha* *he ie£-56 gen2 is probably an L=-3 bld%kér
- and su6 is é weak allele of the gene, Many other lethal
mutations failed ‘o ccmplement with sDf2, From'their»
charactezization and some selected compleﬁentatidn
fests:sevefal of +hese can also be designated as
essential génes.aBoth s172, which blocks in the eqg
when hemizygous, and ElZl! thch is a sterile adul+"
wher hemizygous, probatly chéracterize unique'eésentiaf
sites; The fact that 565 cOmpiements_gﬂé, ﬁhen
hemizygous blocks in *he L-4 and shows Signs of
interac*ion wi+h unc-22, sugéests that_it *00 is an
essen+ial site. The muta‘tion s175 is an unusual
mutation;which blocks in many larval stagss (possihiy'
',polyphésic);and, £herefore, probably d=fines a ﬁurther
_essenfial-sitej Tﬁé mutations s168 and_gllg complement
and ye= both block in the L—3.ﬁThey, therefore, define
%wo essential sites. I* is péssiblé tha+t cne of these
may be allelic +o let-56, In summary, my data show +hat
within O.SAmap-units eithé: side of the hnc-22 gene
thére are & ninimum of 10 genes,li assential (1! egqg, 2

L-1, 1 L<2, a*+ least 2 1L-3, 1 L-4, 1 adult and .1

variable) aﬁd cne visible (unc=22) . .

From the rdnge of effec-ive le*hal phases of these

essential genes, it does not appear tha* +this regicn
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- has a bias for genes specific +6 a particular
develcpmental stage, The ra<io of tlethals +*c visibles!

¢~

in this region is similar to *hat found for D.

melanogaster, Workers who examined the X-~chromosome in
+the fly found ratios of lethals to visibles varying ) -

from 30:1 tc 5:1 (cited in Hadorn, 1961).¥Judd et al,

(1972) in *+heir study of *hé zeste=-whi‘e region found
- only two visible bu+ 12 lethal sites in this 'small well

defined region. In the alcohol dehydrogenase regicn on

chromosome 2 of Drosophila the ratio of lethals te

visibles is abeut 3:1 (21 lathals, 8 visibles;

}

o'Dornell e+ al., 1977; Woodruff and Ashburner, 13979).
This excess cf lethal sites over visible sites,
therefore, does not seem to be either regidnally

'

limited wi*hin the Drosophila genome, nor limited

phylogeneticaliy.

From.an estimate of 10 genes per map unit, cne can's
calculate that “her= are approximatély 3,200‘gehes in
thernematode. This agreeé well with earlief estimates _ ////
Aof 2,000 to 4,000 genes in *he worm (Brenner, 13743
Baillie, unpublished rasults). This agreement must be -
treatéd as being fortuitoug because I douﬁt that T

'se+urated' +his region for mu*tational &ites. Wcrk done

4

in Drosophila demoncs“ra*ted how hard it is. to saturate
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zvan a small Y'==<;10n ‘for mutatlonal sites (Hochman,
1971, 1976; Judg e+ al,, 1972; Q'Donnell et al., 19377;
¥Woodruff and Ashburner, 1379), ?art of *the problenm-
stems f;Qm +he fact tha* different sites within é,
féqion have different forward mu;@tion‘fates. For

TR -
e

example locus 2 on chromosome 4 of Drosophila accounted.

for 20% of =211 1efha1.u ﬁutations (Hochman, 1371), and
/511 on the X-chfqmosome»aécounted for 25% of all the
lethal murtations which wer2s spread o&er 12 lethal
compleméntafion éroups be+tween zeété (z) and white (w
(Judd =t al., 1372), and finally, piccolo, a mut&tion

near rosy on chromosome 3 of Drosophila accounted for

V1/3 éf all +he le*hal mu*ations in +*his area, al+thcugh

the:;'were far pore than 3 essential sites in the
-eqionr(Dr. A, Hilli e{&\personal communication).
Therefore, *here Iis +he possibili y of essential sites
'existing in the unc=-22 region with very low forward

mutation ra*es, and with a sample size of only 3034

chromosomes I could very well have missed thenm.

!

~/ J - s

The o*her part of the problem wi+h calculatlng the

4
rumbnr of genes in <*he organﬂsm from an es+1ma+e of the

"

number of genes in a small region is %hat i* is almost

impossible *c screen systematicaliy for all possible

Y

types of essential, visitle, biochemical, behavicural,
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and fertility mutants *hat may map within a small:

genetic regicn. This problem has beeh amply illustrated

in the zeste-white region of Drosophila where the clock

'mutants (per) (Kbnopka énd Benzer, 1971),ahd,ofhet non-
essential sequences (Ycung and Judd, 1979)”wéfe found
after the initial study had supposedly 'gatuﬁated"the
region for mutafionai sites: I have léoked fdi:
recessive lethal, visitlﬁﬁ female sterile!imaéérnal

. lethal and grandchildless mutations in’théfunC-é2
region, but this hardly exhausﬁs “he pOSSible Qéh,s
+ha+ may map here., There are several mutations'in the
worm with ;ubtle or conditionalvphenotypes which I

' 4 13 . ‘ 3 [] - ”“
would have miss2d in my mutation studies, for exanmgle,

*he dauerlarvae (d%f) mu=ations (Riddle, 1976), %he

catecholamine SEEE) muta+ions (Sulstoﬁ'et?al., 137¢€) ,
and the flourescent gut cell mutations,iglg)v(ﬁ;buqand
Breﬁner, 1974) , +o haﬁe oniylaffek.-To conclude'fhen,
my estimate of 10 genes'inrthis one map - unit in;etéal
éround unc-22 is probably an underestimate. »
There is also a p:oblem in trying to estima+e the

» number of genes in C, elegans because o0f regional

differences in gene densi*y. Baillie and Rose (1373)

2s+timated that a minimum of 15 lethal and 7 visible;

sites lie within one madp unit surrounding unc=15, 'This
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ragion ié in the cluster on chromésgme‘l. ﬂeneely—aaé
Herman (1979) however, es*timated that ébout 30
‘_essentiai qenés and two visible genes can be identified
in a 7.5 map unit interval at the"ﬂp of =he
;fX-chrcmosome, r, about 4 lethal éites.pér map uni+t, As
can be seen, the:e'is a significant diverqenée in the
fnumber of essential giteé ﬁer map unit in the three
fe&ions. Finally, *hare ére micro--,q*onal differencas
to consider, A cursory examination of “he dis*ribution
df'thé le+tals mapped ardhnd the unc*22’si£e shows
there aze a greater numbsar of essential si‘es *to the
left Qf the unc-22 gene than there are £q<the riqht -
(cﬂaracterizétion and mapping of some of the 'floating'
le+hals by Ms.rTere sa Rogalsk¢ fu:ther =ubs+ant¢ates
+his conclusion). Interestlngly, this left-hand 51de

contains the cluster of visibles.

With an ex*ensive analysis of this group of

le+hals in progreés, wi+h a fine structurs map of the -
central gene, unc-=22, and with the developmep; of a
me*hod for isola+ting deficiencies in *he ﬁegion, a
framework has been lald down for the future analysis of
+his region. There are few systens availablefthat can‘

provide sc¢ much genetic information for a defined

region of +he genome, information that is absolutely
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essen*lal if we are to understand the regulaticn of

genesvand how they interact in CCntrolling development.

3

(v) Func*tion of *he unc=-22 gene product and its

interac=ion with the urc=-54 gene: As pointed out

.

-

earlier (Resul+s IV) *he role of *+he unc=22 gene in the

life-history of C, elegans is unknown., The

pharmacological, morphbloqical and gene+ic evidence
~indicates that {he unc-22 gene product is located
within *he muscle cells arnd has a function in mhsc%e
centraction, To summarize +this evidence; it is known /
tha* isolated muscle preparations from unc-22 mu*ants

will con*irue to twi*tch, and that neither nicotine, nor
oubain (Dr. J. lLewis, personal communicatibn), are

capabls of inhibiting twitching in unc-22 -mutants. The

only way I have found to stoé the twiiching in a wéth
homozygous for an unc=-22 mutation is ﬁo deplete or

al*er the unc-54 gene éroduct, myosin. - Eliminating the
+twi*ch by deple*ing the unc-54 gene product can be
partially circumvented by increasing +he other

body-wall mycsin (done by using the sup-3 mutaéion).

The problem, therefore, seéms to lie somewhere between.

+he muscle cell membrane and the myosin/ac%in

contrac*ile complex.



The elec*ron microscopic (EM) studies of Dr. R. H.
Waterston (personal communication) may offer a clue as
to the intracellular location of the unc-22 gene
product, On examining cross-sections of different
unc-22 alleles he finds they vary in their degree of
muscle disorganization, but the constan* among the
different alleles is that all display a similar
disorder of the sarcoplasmic resticulum (SR), a closed
corpartment within the muscle cell, The SR is
specialized for *he binding and release of calcium (for
reviews, see Mar*onosi, 1371; MacLlernan and Holland,
1975), and in muscle cells, con*rac<ion is regulated by
+he intracellular calcium concentration (Weber and
Winicur, 1361). I% is currently thought that the SR
stores calcium in -elaxed muscle and releases it into
the sarcoplasm upon depclarization of the cell
membrane and the “ransverse *ubular sys*em (Weber,
1966) . The calcium *hern interacts with the actomyosin
complex to *rigger contraction. The actual site of
action of calcium may be on either myosin
(Kendrick-Jones et al., 1370), the thin fiiament
troponin (Ebashi et al., 1367), or bo*h, (Lehman et
al., 1972; Le<hman and Svent-Gyorgyi, 1975). Which of
these types of calcium regulation is employed despends

on the organism and the muscle type, vertebrate and

140



arthropod muscles having tﬁin filaﬁent regulétiqn,
molluscar muscle using thigk filameht regulaticn, and
poclychaetes, some insects and nematcdes dispiayipg
+hick and thin filament;tegulation (Lehman et al.,
1972; Leﬁmah and Svent-Gyorgyi, 19375; Harris et al.,
1377) . I+ can be seen éfem this, that‘ardisorder inﬂfhe

SR *ha* increased the level of calcium in the -

sarcoplasm could induce a muscle ccntraction,

The discrder induced by the unc-22 muta*ions is
more complicated than a simple contraction. It is a

o

continudﬁsAcycle of contraction and relaxa+tion, and

+his cycle can be superimposed on’mhscles.whether they

are engaged in movement cr not., Lhis suggests that the

]

+wi+tching is invg¥ved in cgﬁtrdllihq huscle tone rathe
*han inr gontrolling mgvemegz?pér se. To pﬁstulate how
such a cyble could be induced by an SR disorder i+ isA
necessary to knew more about the organiza*ion of the
 SR. The SR maintains the ioQ intracé%lular calcium
corncen+*ration oﬁhresti%qvmuscle-by méans of aﬁ;
ATP-dependent calcium pump (Ebasﬁi and Lipmann, 1362).
The pro*eirs of the rakbit SKeleidl musclé SR in?glved
vi+h calcium t:anSgort have been identifiéd.(ﬂa&Lennan
et al,, 1972; MacLennan'and'Hollaﬂd, 1975).»These are,

an ATPase c¢f 102,000 molecular weigh*, an acidic

141
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prctein of 54, OOO molecular weigh=, 'calseQuestrin cf

44,00¢C molpcular we’ght, a se* of threé ac1d1c pro+e1n=

b

 w1th molecular welghtc ranglng be+ween 20, OOO and

2
=

‘30,000-and a'p*oteollpld of mokecular weight 6 000 to

12,0Q0. The ATPase and pro*eolﬂpld are .in*rinsic to +he

Seremb:ane, while *he calsequestrin and SU,OOO‘

7
&

molecultar weigh* component are though*t *c be on the

ineide of the SR'and‘fhe acidic proteins are thought tc

be on the 6utside cf +he membfane in "the sarcoplasm.

It{is'{§6ught‘that the acidic proteins +ransport
ST .

calciumxin *he sarcoplasm to “he SR membrane and

concéntrate it/Eo}»active transpos+* in*o +he 'SR 5y the

ATPase arfd *he proieolipid. It is then sequestered and

"held on *he in+erior of *he SR by calseques%rin and the

> o

54,000 molecular weigh+* protein (MaclLennan et al.,

' "y
1972)

If the unc-22 muta*ion is a problem in +he SR the
most likely candidate is the SR ATPase., ATPase is in

+he expected mclecular waigh+ range, A mutation

affec*ing i+t would protably show a disrﬁption in the SR
‘under the EM and ATPass has the‘fuﬁctio@al proper*ies
of both an enzyme and a structural prbtein,_This last

qualification is important since alleles of unc-22 are

hY

qua11 atively dlfferg nt (from *he s74 Suppression

T2
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s*udies) which suggests a possible enzyma*ic fﬁnctiqn;
while “he pcecr suppression of 332 by sup-5 suggests-

Ehat ~he unc-22 gene product.is rsquired
'stoichiqmetrically (see arqumernt in Wa*erston and

Brenner, 1378), as does *h2 isclation of a dominant
mutation and *h= conditiomnal dominance of fhe other <

v

“™Minc=22 alleles,

There are problems with this model., The first

p:oblem‘éoncerns s32, a nullo allele of unc=-22., If 32

lacks all the SR ATPas=s then why is s32 no% rigidly
paralyzsd? But wha%t 1f there were %iwo SR ATPases,'and'

~the second ATPase could partially compensa%e for the

n
o+

absence of +he firs+? The evidence iIn favour of the two

l

enzyme interpretation is tha* mutations in +wo genes in
the nematdﬁe can induce +witching, uncr22 and lev-11,
Since *wo myosin heavy chains have Been fcunq within‘a
single muscle cell (Eps*ein et al.; 1974; MacLeod et 

_al., 1977;}Schachat etiai., 1§77; Hackéﬁzie et al,,

- 1378) , *kis is not an unienable suggestion., It does,’

however, predict that an unc-22(s32);lev-11 worm should

‘be ©igidly paralyzed. There is another prcblam in
assuming *he primary disorder caused by +the unc-22
mutaticns is increased calcium concentration in the

* sarcoplasm. The proposal canno* explain why worms
8 ' ' :
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wte

- < : T »
homozygous for af unc-22 mutation can still continug *o

,J‘

+witch in 1% nicotine, althoﬁgh being =igidly
arelyzed. Tf <witching is the result of a slight
leakagé'bf calcium in*tc +he sarcoblasm{,then *he
depolariéation cf “he muscle cell cu*er membran< a
the T-system by nicétine should flood the sarcopla
with calcium and overwhelm *he unc-22 induced +“wi*
of +he ac*+omyosin ccmplex, The:efore,”upc-ZZ WOILmS
should appear rigidly rparalyzed in nicotiﬁe.iThis

ro* +he case anl so I <*hkink it is necessary o

reexamine exac=tly ktcw a3 muscle can *wi*ch,

There app2ars *o or2vail ameng investigators

,élegans a *taci® assump*ion =<ha* the unc=-22 muta<ic

induce zwitching by causing smpall ccn*zac*ions in
: i >

ac-omyosin complex. This is why <he mcdel cf exces

calcium <riggering a con=zac%ion even< appears

attractive, But wka* 1f we *urn *his arcund and in
kypc-hasize “hat +he unc-22 mu<a<tiors cause twich

by relaxing *he mycsin/actin in%teraction? In other

nd -
sm

ching

is

cf C.
ns

+he

Q
=

s+tead

ing

words, ins=ead of inducing 2 grea:er overlap bstween

+he myosin and ac=ir molesculas, the unc-22 mutaticns

4

N
causa2 a =rensien= r=aduc+ion in <he overlap between
*we, This intarpreta%<ion agrees with “he nico+ine

Tesul*s and is no* in disagreement with any of *he

+ha
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fp:eniousmda:a lghaxemcitgd+450megxecent7;esulis
thained{hg;nx‘ JlmLgnis;ipg:sgnalg;Qmmnnicaiignlulsndﬁmwj,%i,mﬁﬂ”¥_
credence *o this proposal, He has found that unc-22 and
lev-11 mutationsrac{ as suppresors of some of tﬁe dumpf
genes, He also firnds thatilo-s M 1evamiSole‘produCes
a dumpy‘phenocopy (*+he same occurs witkhk nicti?e) and
+ha= iev-11 and unc=22 suépress +his drug-induced -
f*dumpiness. e concludes from these observations tha* S e
s,vé}al cf tﬁe,dumpy genes cause hypercontractioh cf
~he aczom?o;in»complex. If unc-22 mutations induce
“ransien+ conﬁracfions, i+ is difficult tc understand
how *hey suppress a dumpy phenotype. On +he other hand,
if ync=22 muta*ions cauée relaxation of +the con*tractile
comélex, *his might pa:tially relieve ﬁhe dumpy
pheno*ype. |
Al-hough much is known about contractiie proteins
in muscle, *he pracise way in which a muséle contrac*s
ié s;ill pcorly understood‘iSquire, 1375; Mannherz and
Goody, 13976). This is due to our lack of understanding
6f the events’cccur:ing in *he myosin head during the

s-agés of ATP hydrolysis (Huxley, 1372). If the unc-22

ene produc* has a role in s+abilizing “he actomyosin

complex rather than ir s<timula+ting i%t, then one

crotein, if present in *he nematode, should be
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cons ‘dered, h

t&.l

'walgh+ of 1uo 000 and binds very strongly to the red

por+«ien of rabbit skeletal mycsin at low ionic’ strength.

1

(Offer; 1972-’Méos etval;, 1375), The role of this

.prctein in muccle s*ruc*ure and function is unkncwn bu+

< .

*here has bnen =pecula::on tha‘ it is part oL the

l ¥ T -
is the C- pro+e1n whﬂch has a molecular~

mechanisnm for con‘rollzng conﬁormatlonal changes in thej 

+hick filaments *o allow fop actln/my051n binding

(foer, 1372).

Admluuedly, +hese speduiations on the role of the

unc-22 qene produc+ in C, elegans. are based on tenuous

data, but the.possibilliiesfare intriguing and should
be explored. Whether these mutations indhce contraction
or relaxation is unknown althoﬁgh, in my cpiaion} the
present evidencs favours the la%ter view, The
bicchemical character*zatlon of the unc-22 gene product

should conc’us1vely decide which view is co*rect.

The discovery of a new cfass of mutatioms
affecting myosin further suggests that +*+he unc=22 geﬁe
prcduct is intimatély involved in the coptggcti1§
prqcess.'The intaraction of uné—sq and dqq:}%risran

¢

example of indirec* surppression., A case of indirect

suppression has previously been repor+ed for C. elegans
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fAby Riddlé;audﬂBrennéfArTQTBfLaﬁarfié”pointed out by

‘thess authors, instances of -indirect suppression via

protein-protéin interac*ion have a potential usefulness

for *the glucidation-of compléx cellular processes. The '

isolation-of +wo classes of putations a* the unc-54"

locus (blrefrlngencp p051t1ve and b*refrlngence

¢

negat )~is_§= iniscent of +he complex loci found in

'D.‘ melanogastef (Welshons,»1965 Judd 1976)..Thls :

plelo+ropy is not surpr*51ng when one conciders +he
mu+tilple func+1o“s encod=2d4 within the my051n molecule.

I+ has been~known,for some time that'the amino'and

’ cafboxyl ends of the myosin molecula have qualitatively

&dszerent functions (Young e+ al., 1368; Huxlay,‘1969-

Lowey ‘et al., 1963; Starr and Offer, 1973).  The

rod~like po*+1or or carboxyl end is necessary for the

€

assembly of +he**hlck Fllaments (Huxley, 1969, Lowey e+ .

al., 1969), wblle +he amino end contains +hn globular

head. The heaﬁ pertion is involved.in snveral
. - & R °

biologically important functions, notably the

'_hydrolysis of ATP and in,intéractions wi+h actin (Ycung

B !

e+ al%“ 1968;?Lowey et‘al.,.1969; éfari and Offef;

1973, Mannherz and Goody, 1976). Sinoé';hé new unc—Sﬁ
muta*iecns do ‘not al*er filamentfstructure greoﬁly’ou;
1ns~ead seem *o have their prlmary effact, on *the |

prccess of contractlor, 1t is possible that +hese neu

i
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mutations migh+ ba localized in'thé qlobﬁlét”pértldn7of

+he myosin mclecule, A

PR

To test thisipogsibility “he 513 allele h;s been
mapped intracistrgniéally, A finefstructuremap of
se?éral bifefringence negative unc-éﬁ alleles has been
const:ucted (br., R._H. Hatérston,_pérsonal L
communication). A+ one ehd of thisémap is 675, an
alLéle with an internal‘deletiontiq its'ﬁyosin near the
carbexyl tetminus of the«moiecule (MacLeod ef al.,
i977)L This shor*ened myosin s+ill retains {ts ATPase
ac*tivity (Epteiﬁ et al., 1974; Harrig and Epstein,
1977); Ano+ther allele on:this map is +he allele €130
which is the_allele relative to which I mapped §2§,
Because of the complications of reciprocél and
noﬁfreciprocallexchanges for flanking markers (Chovnick
et él., 1971; Moerman and Baillie, 1979,) I am nof
ceréainlif S74 is o the left or to fhe right df €190,

Hoééve:, it is separable from €130 and the distance is
compatible with §1£_béing a mutation in the amino
pérticn of +he melecule. If this is correc* then vwe
know *he difection of t:anscription,fér,the unc=-54 <
gene.iFrom the low forward mutation rate, appfoximately
10-5, for the irduction of mutations of this type, as

compared toe the average forward mutation ra*e p2r gene,



5 x 10-% (Brenner, 1?74), I suspect that ;ﬁe cther
mutations of this class will be 1ocalized'¥o'the same
region of +he unc-54 gens as élﬁ:'

There are many ways in whichk +hes=2 mu*ations could

cause disrupticns in cen*raction, I+ is the binding ofA

ATP to the acfgmyoéih complex ihat causes the

dissociaton of actin and myosin, This is followed by

+he cleavage of+he ATP by myosin ard a navw interaction.

at a different éctin site can fhén take ﬁlace (see
reviews by Gergely, 1372 and Manhherz and'Goody, 13976) .
I+ is thought tha* actin and the ﬁuéleotide bind +c-
different sites én'myosin bu% interact thrdﬁgh
.strqctural changes in‘the myosin.molecule;gThe
stiffné;s of s74 worms might suggest ihét ﬁyosin has a
decreased abiiity to relax actin. Could this be due to
a decreased affiﬁity cf the myosiﬁ ﬁeavy chairn forvATP?

If so, *hen one can see how the génes unc-54 and unc=-22

interact. Mu*tations in unc-22 decrease the stability of

the actomycsin complex while these new mycsin alleles
do the opposite byrmaking'the myosin/actinicomplek more

difficult to dissociate, This is but speculaticn and
- ‘* . B ’
jcal characterization of these

only the biochemi

4o

nutz*ions will elucida<te their true role in muscle

ac+ion,

143



(vi) The crganization of a gene: Pricr to 1350 +the

gere was thought o be an indivisible unit of heredity

(despite Oliver's demons*ration of intragenic

-ecombihation ip Droséphila, 1340), the ultimate unit
of mutation,_and to be'associated with a siﬁgle primary
specific functior in metabolism or development
(Pcrtecorve, 1358) . The decade that followed saw all
three of these prepertizs ¢f a gene violated, such that
we ncv know thé% i+ isg a single nucleotide of DNA which
possesses +the first two of *hese p-operties and not the
gene., The t+hird property, specificity of function, has
preved more difficult %o de*ermine in rela+*ion *o a
gsne. This is because, although RNA is ths primary
<rerscript frem *he DNA, genes code for a variaty of

nal products, frem TRNA and tRNA *o translaticnal

ot
@D
[WH

rm
produc%s‘yhich may function as polypep=ide moncmers,
herspolymers, or‘as part of heteropolymers, Monomeric
proteins add a further complication by being either
morcfunctional ¢r mul+ifunc+ional (Kirschner and
Biésﬁange:, 1976) ., Pur+*hermore, the gene mus+ have
coded wi+hin i+ infcrmation pe:téining to temporal,
spatial ard quantitative *ranscriptional con*rol. With
+tis amoun+ of infcrma*ion cod=d along its linear array

o2f nucleotides, tHe‘specificity of functicn of a given

~150
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. . ) a : .L
gere can be difficult +c deduca, But this gene/function,
rela-ionship must be elucidated if an understanding of

“he organizaticn of a gene, and indeed, of the gencme

'is +o be achieved. - 5

To inv igate gencmic organization I ha?e'usedia
tclassical' genstic aprroach, Thdtiis, I have isolated.
a seriss of Adifferent putations, mapped *hem *o. |
specific regions on the chromosomes, and investigated
their varicus in*teractions., To analjze a specific gene
unc=-22, a numbsr of spontaneous, EMS, f¢rmaldehyde and
gamna-ray induced alleles have been isolated and
vpositioned relative “o0 cne another w1+h n the locus
Seve:a!tmutagens waere us2d *o genera*e an array of

ifferent disruptions wi*hin the locus. In ligh* of
wha* I have said abou*= +the complex na*ure of a gense
how dces one ini=ially define a genetic iocus? The tool

nf genetics is allelisr or lack of complémentation.

This +es* involves bzinging 1-c>ge‘-ne*‘ two different
mu=a+ichs in+c a cell *o forg a heteroallellc palr. If;’ ;
+tey fzil 'tc¢ ccmplemernt i,e, if they cannot compenséte

for esach othars discrder, they agé considered *o be

ru+~z2=isns within +he sames func+ional uni+,

211 +wi4fcher puta2a+icns isslated form two
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complementation groups: iey—11 on chromosdﬁe I and
unc-22 or chromosome ;V. On -several occassions'thé
definition df a gene*ic locus as a single

complementa+cn group has been challeng;d (F;ncham,‘
1966) . Several mu<a*ions have been found tha*
phenotypicélly resemble o*thers at a paréiculéz iogus{
map:to +he same‘regidn of -<he chrcmosome, fail to |
coméleménf som2 of +he alleles in a heteroalleiic
g5£ome,‘but complement oc*her alleles of the locus. This“"
phenomena'has been called inter-allelic complementa+tion -~
and GasrfitSt described by Fincham (1959) and Brenne§:::
(1?55) vho suggested that i+ was due *o0 a

proteirn-protein interaction, Tﬁ@s idea was later
elaborated upcn by Kapular and Birnétein‘(1963), and
Crick ﬁnd Orgel (1964), who proposed *hat the |
complementa+ion was the zesult of a homologous ,‘
ccrrecﬁion'being nade by +h=2 correct region cf.bﬁe

moncmer on an incorrect region of an adjacent monomer

¢ protein., Since then heteroclogous

’.Jn

in a multimer

cc:rection has also been hypothesizeé (McGavin, 13968)

whe*ein'a mu+an< wi<h an . alzer=4 active sitel—

complenents afmétant with a;-éltered allosteric site.
'

0

, s .
Interallelic ccmplemen=<a*tion has been demonstrated

czly in mul<imeric proteins and this. is why the abeve
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models are based on interac*tions between defective

subuni+s., In my studies on *the unc-22 mutations I have

‘npt fcund any ins*ances of interallelic
.complementa*ion, Does *his mean thatithe'uncfZZ gene
\p:oduct.functions'as a monom2r Or possibly aé part of a
- :
ﬁeteropoljmer? I+ is difficult +*o arrive a* conclusicns
Ea;ed on negative da*a, and in +this case I +hink *here
aré}several reasons for exercising caution. Prom the
stﬁdies I have done or gerne dosagé'at the unc=-22 csite
(Table 15) I believe *he sxpression of the phanctype of
this locus is quite sensitive torinactivation of-its
gene produc+, Reducing the éctive component by 1/5 is
enéugh <o shew a slighk+ =2ffect and depleting it by 2/3
gives a visible *witcher (I* sheuld be pointed but'that:

. -
*his s=-udy was done with s7, which from the supprasssion

studies involving s74, see Table 20, is known *o be one

of *he leas“ severe of *he unc<22 alleles), Fur+her,

“+he suppression of s32 by sup-5 does not~?rovide enough
of ﬁhelwild—type unc=-22 gene p:oduct +0 'inhibit the |
visible *wiiching, The suppressor restqreé abou+ 10% cf
+he pro=eir product of unc=15 and unc=5u {Waters+on and
Brerrer, 1978) and presumably is as effici;nt in
res<oring *he urc-22 gene proaduct,

9

Thege cbservations sugges* the unc=-22 wild-+type
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‘ C o ' . A - ‘
"proteln activi-y must reach a‘relatlvelyfhlgh threshcld

E-4

0 res*ors a wild-type’'phenotype to a worm., Studies on’

é

complementafion'in other systems demonstrdté tha+
complemeﬁtiﬁg alieies5dc not restore the énzymatic
ac+ivi*y cf a proﬁein *o the level of *he wild;tfpe
prctein, Garen andlﬁaren (1563) studied'twéniy-one_
complementingrfaf%s cf alleles of the alkaline
phosphatase geneein E, coli and found that the

énzymatic activity ranged fron 1 - 65% of the -

wild-+ype ac%ivi*ty and “hat all but one pair had

enzyma+ic activities equal %o or less *han 40% +tha+.of

+he wild-type. An even be*ter example of how a low
level of enzymatic ac*ivity arising from a
comnlementiﬁg heterozygocte can restore\a wild-tjpe
phenotype Zis illustfated by the rosy locus which codes

for *he =nzym2 xan*hine dehydrogenase (XDH) in D.

melanogastez, Complemen+ting alleles a* +his locus
exkibi+ normal or near-normal eye-colour phenotypes,
but “he res*or=d XDH activity levels are extremely low,

frem less ~han | to 16¢% (Chovﬁick etval.; 1377y .

I a pair of unc-22 alleles complemented to-give
16% of wild-*ype pfoﬁein activity, I would not have

reccrded It bacause the worm would still have twi*ched,

o

erhaps a2 more sensitive assay for complementing

~
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‘alleles'midht be tc examine a het;roailelip worm under
birefringence op*ics aﬁd look for improved musblekfibré
6rganization. This 'approach has not baen tried bdt
since *here are worms. tha< fwitch even with normal
nuscle otganization, birefringence could prove to'Be'a,
;morelsensitive,é§séy for complementation. Another .point
torconsider'is this, in géneé,where qoméiementation

exists, mutations are nc* equally distribu%ed among the

‘compléqentation~groups. In rosy (Chovnick et al., 1977)

*here are éixty-six'mutations disiributed among eiqgh+
complementationgrbupé but fif+y-six of these mutations
aré,fodnd in group I. FEach of the other groups haé
very few alleles, This indicates that i+ may be quite
difficult to find cbmplementinq alleles at thé‘unc-g2'

¥

locus, eveéen if *hey exist.
The unc-22 locus'is, at presen+, defined as a
single complementation unit, In a sense one could argﬁé,
tha* the alleles mapped within “he locus form a

nultiple allelic series because the severity of the

4
1

phenotype caused by each allele can ‘be determined by

usirg +*he mutations, sup-S(e1u6u) and unc-54 (s74) . With
+he aid of *hese “wo mu*a*ions I have bean able tc
separa*e +h=2 alleles into a+ least four groups (see

Ts

i)
n

ul+*s III). Presumably the first “hree groups contain
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hypomorphic alleleslwhile the fourth group contains

amorphic alleles. As men+ioned earlier I believe +ha+
. N f

. . d ) N . .
all four groups are part of the structural elemen+* of

“¥e gene i.e., they are in the portion of the gene +ha+
codes for the pclypeptiidas. -

“

“

Where +hen is ‘he regula*ory element of the unc- 22

gere? If +be cu:ren* views of eucaryo ic gene
organ:zatlcn are correct, *the unc-22 gene is a
bipartite complex w1tb a structural element and an
adjacent bqt’sepa:ate regulatory elemen;. This view of
gqﬁe_organizaticﬁ ig largely deveioped from work cn

procaryotes (Jacob &and Morod, 19&1; for a recent review

. see volume edi+ed@ by Miller and Reznikdff; 1378) and as’

. “ N g a ! -
yet +here is but meager evidence in eucaryotes 1in

suppor*t of i+, Hynes (1975; 19793) has found in
: , =5 ’ .
Asperqgillus *hree control variants of the acetamidase

(arbS) g¢ne which map adjacent to it., Twc of thes%7

variants increase and c¢ne appears to decrease the

amount of +he °nzyme. Sherman\Et.al (1378) tave

¥

determined he structural gene and an adjacent
requlatory region for, tha iso-2—cytdchfome c (C¥c7)
gere in yeas*. Their reqgulatory mutant has a

twenty-foldtincrease in cytochrome-c levels. In higher

eucaryo*es the stronges* evidence for a i?g%gatory si+z

%
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adjacent *c a struc*tural region is a%t +the rosy locus in

D. melancgaster (Chovnick et al., 1976; 1377 a,b;
McCarron‘et al.,, 1379). Bo*h a site for undgrbroduction

‘ard a si+e causing overproducticn of *the enzyme XDH

have been found adjacen® “o the struc*ural, element for

»XD%. A presump*ive contzol mutation adjacent to the

157

structuzal element for alcohol dehydrogenase (ADH);hasf,'

also been réoorted,(Thcmpson Jr. et al,, 1377). Ancther"

possible contrcl variant in Drosophila is the

ocelliless muta*ion which has been shown to

undérproduee *he ma jor chorion proteins &36 and c38
which map rear it (Spradlgpg et al., 1979‘. In all of
these =xamples *he cortrol elements ars reportad tc¢ be

o

cis-ac*ing. . \

«

The problem'in identifying the regulatory region

in the unc-22 gene is that there is no general genetic

means available for +he recovery of regulatory mutants.

The ccntrol mutants of Chovnick et al. (1976, 1977a)

and Thompson Jz. &% al, (1377) were isoclated from

natural_popnla+ichs of,Drosophila;‘and +the +wo ambs
overproducérs,of Hynes (1373) arose spontaneously. Only
the ambS underproducer and +he CYCT] overprqducer were

.
induced and these were isolated using the mutagen

ni+rous acid (Hynes, 1373; Sherman et’al., 1978) .
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:Recently Lifschytz and Green (1973) addresseé
thenselves to this préblem. In their paper they argue
that»sevéralﬂsvérp:oducinq mutations may already be .
available for geﬁetic study in the form of dsminant

mu*ations. They ci+te +he Beadex (Bx) mutations as 2

possible example of hypermorphic or overproducing
mutan*s which contrcl an adjéc nt structural element,
Ihey further suggest *hat Beadex controlf an adjacent
elemenf vhich is marked by *he recessive putation held
u rdp), If +his idea is correct, *then the dominant

mu*z2+<ion unc=22(m52) cculd be a ccn*rol varian:, This

is rhighkly unlikely because m52 dces no* have *he
pheno*ype expec*ed of a dominan* overproducer at +his

locus, It is difficult *o rececncils an overproducer

possessing the same phenotype as the mutaticn s32,
which doss nc*t rroduce any of the gen= product,
Ins+ead, I expec* a mu=arn* ove:producef *z impar*t 2
stiff phenciype *o %hé worm, similar *o the phenotyp=e

"0f a worm homozygous fer unc-5U(s74), but mapping a*

+he unc-22 locus. Hence, probably the muta+ion m52 is a
recmorvhic wmuta*iorn i.e, i*t is a muta*ion in which an
alterié gene procuct is produc=ad, leading tc a new

dominant ph2no=ype (Mulle:, 1332).

]
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~experiment wbuld be ei+her formaldehyde or nitrous

" acig, Pormaldehyde induces delstions (Moermam and Kﬂ’:

153

To da*e *here are no documented contrcl variants

at *he unc-22 site, I have considered a number of

gchemes fcr inducing regulatory muta*ions within the
lecus, but *he mos< premising protocol has been
suggasted o me by Dr. J. Lewis (personal X

commurication), His idea is that one could isolate

cverproducers by mutagenizing sup-5(el1464) ;unc=22 (s32)

1g *heir F1 progeny for worms B,

“hat are wild-+ype in appearance. There are several
advan+ages in using +his appfbach. The screen can be

dore in *he F¥1 and tngg? is & chance of isolating an
. - / : B :
overproducer a% ei+her +he ﬁnc—zz or the sup-5 locus.

t

Perhaps the most imper*an> akpect of this scheme ig .

~+hea“ one would nc% 'be +rying *o produce an abnormal

”

I@mcﬁit of the twitcher protein, but would only be

o

.lll

trying “c return i+ o +he vild-iypé level. This should
’exclgde‘the péséibility of +*he cverproducer being
lefhaliﬂéince i+ is kncva that +he sﬁg-s'mutéticn bnly

res-ores about 10% of the‘aCtive protein this screan
should allew €or <he selection of a conffol variant
*hat produces a* least “en zimes the wild-type level.ogk ' oo

,thé gene product.~The mutagen of choice for this

]

Baillie, in rress; also see resul<s II), and alSo‘has
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beer. fourd *o 1nducn unc-22 mutat tions, which may be

small internal dele*ions., Such a fm”’u’fa gen could be
useful for +*he removal of a whole sequencerof
nucleotidés involved ir control., Witrous acid should
also be tried since “he only tuoveuqaryqte qonfroii
veriants isola*sd were induced with *his mutagen.
A 1
'Tirptly‘linked cis—acting régulétory elementskarér
only oné feorm cf transcriptional regula iomn. Requlatcryv
ragions tha+t ccatrcl +the éxp es:won~of a gonetzc 1ccu=
carn also map scne distaﬁce from _-.( There are two

2xamples in Drosothla which are pafb@cularly

L]

illustra<ive of *his form of cqntroI. The firs+ case is’
+the ﬁrans-acting#contrcl'of “he expression.of the
amylass struc%ﬁ:al geﬁe (amy) exhibited by a gene
called map which lies about two map uni+ts away fron 321
(Abraham ard Dcare, 1378)., Alleles of *he mep gene seenm

. \ .
“c have the abili+y tc ccn4rol the tissue specific

sxpression of +*he.amylase genes in the mid-guzt of +the

» Different alleles of *he-map gene show a differen+

rh

~d

£1

iz<r-ibu+icn of *he ernzyme amylase in +he pos+erior

fu

nid-gu*, The other example of regulatory interaction

between loci is *he zeste (2z) - vhﬂ%e (w) interac*ion

(Gans, 1352; Jack and Judd, 1373). These *wo genes map

apprnximately.0.5 ma2p uni«s apart, The currernt model of
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Jack and Judd (1973) propdses that the zes*e gene
product is a représsor of the'uﬁife.gen;;'bﬂt is hé% an 77‘
active suppressor unless it complexes with an RNA

producéd by part of the white locus.itself. The types

" of gere interac+ion shown in these *wo examples from

Dresophilarhave not been demonstrated in the nematcde.

& .

The interaction of s65 and unc-22 is 2 pessible « .

7

candidate for +*rans=-ac<ing regulation, I believag

however, +hat *his is mos+ probably an example of

s : . o n s
post-translaticnal Intercaction.

The current view ¢f a eucaryo*ic gene from genetic

-~

analysis is tha* i+ is a3 region of *he chromosome where

-

a rnunber of mu+a+ions will map, These mu+a*ions can be T
: . R L

separa+ad to fcrm 2 linear array and may exhibit

E
-

diverse phenctypes as w21l as complex patterns of

..... , th2 locus is viewed as a

}oae
]
l"
o

.13
w
(9]
("
|4
Q
o)
rd
o

4
+
D
.‘

biparti+e s*ructure having adjacent regqgula*tory and

s*ructurzl elements, These elements “hemselves may

FR—

interact wi*h other arezs of the gencme at either a
+rarscrip+ional, *“ramsla*ional or post-*+ranslational

level, How 3does +his da*a accumulated frcm a genetic

froa a molecular

analysis of +he gene? This is a difficul+ guesticn *c

answer because, a* present, +*here is not a single gerne



in hi -,zyeuearye%es tha+t has been the subject of both

a2 sophis+ticated genetic and molscular analysis.-
Desbite “his problem our view of the'molecular
géchifecture of genes has been altered dramaticélly
w;th the advent of :estfiction enzymes, rapid DNA
sequencinq‘techniques and large 'cosmid* leninq
vekicles (Sinshime=, 1977; Maxam and Gilber*, 1377;
€arger ard Cculson, 1378; Coilins and'Hohn, 1378) . The
nost startling discovery hés come‘f:om restrictionv
enzyms mapping and sz2guencing studies of several
zucaryc+ic genes (including genes for %RNA, rRNA,
globin,vovalbumiﬁ, immunnglobulin and ovomucoid) which
reveals “ha* structural informa*ion in these g2nes,
al+hough colinear, is nc+ continu&us. The coding
sequences are interrup*ed by non-coding segmen+s (Erack

and Tcnegawa, 1377; Brea<hnach e+ al., 1377; Glover and

oy
o}

grness, 1977; Goodmar =t al., 1977; Jeffrey and -

N

Plavell, 1377; Mardel etfalf, 1378; Tilghman e+ al,,
13738a; fonegawa e+ al,, 1378; Valenzuela 2% al,, 1378;
Ca++erall e+ al,, 1379}, The size of +he non-ccding
in*tervening seguences Tanges from abou+ ten nucleo+*ides

number of

(1) I

“c cver one *hecusard nuclec<ides, and th

(in a yeast tENRA)

WD

irtervsning segunerces ranges froa on

¥

-5 2s many ac zever (in chicken ovalbumin)., Thz cecding
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‘and non-coding seqnemma?aie,tmnﬁxmébeﬁ;intouohe“hnxmrf
RNA precursor. This has beeﬂdeme;s%£&£eé by Tilghman «~ -
er al, (1978) who discovéred>that\thé 15s mouse
beta-globin p:ecursor contains the interveﬁing
'sequences, I£ is believzd that the discovery of
infe:iening sequences par:iaily e;plaiéé the role cf
he+erogencus nucl=sar RNA (Daénell, 1973) . The

proce é: ng (splic;ng) cf‘the precursor RNA to mRNA is

presumably a nuclear even+, Blanchard et al, (1378)

have shown +tha* ar adenovirus precursor message can be
corver+tsd in%o a specific message In isola*ed nuclei
and 'splicing factcrs' have been described by O'Farrell

e+ al. (1978) ard Knapp == al. (1378).

L3

o
The firs® gues%icn is, why genes in pieces? There
tas been considerable speculation on this point .

(Doollt:le, 1378; Gilbext, 1378; Blake, 1373; C:ick;
1979). One tﬁing ~ha* ;s clear, much of “he excess DNA
(CDNYX pafadcxf cfAhighe: aucaryot2es can nov be
acceun+ed fo:.as part ¢f %he interveninq sequences
wishin geﬁes (Gilber+, 1578} . Recen+ evidence,suggesié

“he in-ervening seguences act as space:s hetueen the

o]

furc4icnal uni+s 2% a rrozein, Sakano e+ al. (1979)

examined a mouse ‘mmuncglobalin gaamma heavy chaln and

fourd <he <hctee pro*ein domains (CH1, CH2 and CH3) and
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. .
tge nge region encoded within separate DﬂAginagmanistw
If in*ervening sequences really do separa*e pro*ein

func*ional groups *hen mosaic gernes are, as descrited
by Gllbert {(1378) and Blake (1379), the frozen histery
~nf pro=eine., Kornberg (1376) has s+ated that enzymss
have a*t least threer'faces', a catalytic face, 5
regula+ory €face ﬁr:allcsterlc face, and a socialﬂface.
I+ s *his las* aspect of a protein we know the least
abcu*, The large number of intervening sequences in -/
scme genes, for example, *hose coding for cvalbumin and
cvemucoid, suggests +thes2 proteins are composed of many
furc=iocnal unites, Whic; 2f *he abéve tfaces!

. ) ,
‘ccrresponds *o which unit remains to be de*ermined. In
this regard, i+ is in+teresting *o no*e fhat serum
alburirn is considered 2 mul*ifunczional prc{ein

{({Rirschners and BRI sw=ng,_, 1976).

There are a* ieast :wo'mgthods of generating a
mcsaic gépe (Crick, 1959,discuSses o*hers)., The firs+*
me-heod is by “he tandem duplication of a func+ional
uni+ as well as somé of +he sequences surrcunding it,
and +hen +he subsaq&en; divergence c¢f *the second unit,
in time, +o a_newgfanéﬁén (Bridges, 193§m7Le§ié;”3§5?T1”7

s me*hecd is nc* sa-isfactory for explalnihg mosaic

genes wha2re *the func+tional uni-<s have ex+remely diverse



roleéiiﬁ tanden ﬁupiica€i0ﬂ hypo*thesis is_‘éré‘uééfﬁl’
e
in egplai.inq’thé clustering of geme families “hat has .
been observed in‘eucaryotes. Lawn et al, (1978) found
+hat <he-human gamma- and béta-globih genes are \
adjacent, and Royal_et al, (1379) found *hree genes
(ovalbﬁmin, X aﬁd.Y) clustered which are urder hormonal
centrol In ﬁhe‘chiCR oviduct, In this ovalbumin cluster
there-are sxtensivertopolcqical similarities in *+he
ie+ributicn qf *he iniérvening sequences indicating a
s:imildr origin of all th:ee'génes;frcm a single |
'primoréial' gene; ‘ \ ' . |

S

- —

A sscond me+thod of qengréﬁing‘a,mos;ic gene is bi
bringing functicnallg dif%eﬁeﬁt_géﬁes’together:and'then
fusirg them (Gilberé,_1978, Tonegawa et'al.; 1378) . ) .
Moving pieceS of DN2A aﬁouf in thé genome,is-not a
prcblém. There isva_COngideréble body of evidence : V‘r .
supper+ing <*he concepﬁ:of the genonme as a much less

stable, or sta}ic s«ruc=ure *han originally considered

(Hcclintobk, 1@57; Potter et al.,, 1373; Strobel et al.,

1

1973; also see volume edited by Bukhari e+ al.,, 1977). L
This does no*t mean wholesale rearrangements cccur -~
during ieveicphénf. &his is clearly not the case
(Po+t+er and Thecmas,. Jr., 1977;“Emmons 2+ al., 1979).;I

imply only that, given an evolutionary +ime span,
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functionally unigue seq&%nces can be brought together.

The "fusion of the adjacert genes.can be accomplished by
5 : . CT - L . . ) -
“either 4r ‘unegqual cross-cver, a delestion or €ven a
‘ , g

ries of frameshif* mu*a*ions. The last method of

-\
0

fusing *wo genes has been demonstrated in the histidine

cperon of Salmonella (Youfnb et al,, 1370). o

~,

1
AnYy cf *+he a2bnve procasses fcr promoting gene

fusion would +ernd *c¢ leave;gaps\beiyeen +he uni+s c¢wing - .

+o *he problem of fi*+ing “hem together precisely

without losing par% of cne,of the functional units.

These gaps wculd be =he intervening sequences.

-

- . s - o :
presumably, procaryctic pro:eins have evolved through a

'similar shuffling of furnc:iornal uri*s, so why do *hey
T L i

ro: have mosaic genes? There are +three possible ,

\, : - . :

explanazions for this discrepancy. Firs*ly, procaryo<es

-have had much longar *o evolve <han eucaryotes ang,
, = - , .

i»therefore, may have had <ime “o remove *he intervening

"

7 E v . :
sequences, ' Second, i+ appears that non-eucaryotes are

ug@er evolutionary preskTture to limit *heir genome size

and instead increass the coding efficiency of the

A}

existing'nucleotides. The phage phi-X 174 is an B

L

example, having +*wo different proteins using the. same
DNA sequence bu* in different reading frames frcm cne

ano+ter (Sanger 2t al,, 1977) The third possibility is

)
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»

+tha*, since phages <hat infec* eucaryotes are *he cnly .,

r

-nOn-eucaryo*tes with spli*t genes (see for ex§mple Broker
e+ al., 1977) *hen i+ s possible that the splicing
enzynmes for processing the RNA may have arisen with +he
eucarYoﬁes. Prccaryctes might never have had this E
shuffling mechanism. Finally, one could take guite a
different view ard argue *hat *he dperon of prbca:yotes
Is analagous *c¢ fbe mosaic gene of sucaryotes, the
diffarence being +hat +the functional protein uﬁits are
nc“ bound in precaryo*es, To demonstrate *he difficul+y
in making this distinction, Pink.(!366), baged on
geretic data, a+ firs+ proposed thaé +he HIS=-4 complex
in yeast4waéqah'ope:on. I+ was only.af<er iéolating +he

ptctein cemplex that he r=2alized it was a single.

multifunctiohal unZ < (Calvo and Fink, 19771).

.

bt
Now that ~he molecular organizatibn cf a fow
seléct genes is knbwn if seeﬁs pertinent to try'aﬁd
colla“e *his infb:maticn with wha* is gncwn éﬁodf “*he
gene+ic organizatién of a gere. The realization that_
many genes in eucéryotes are split adds a nev'

Y

interpretation %o *erms such as complementatior,
. / .
1

nce ¥ ¢ the “erm step-allelism., The

step-allele,. cr sub-gene model was invoked by A.S.

[
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Serebrovsky and ¥. P, Dutininm *o explain

complementation r2sults <hat they cbserved in the

achactzs-scu*e ccmplex (which affects the bristle -

pat-errn of *he thorax) cf,Drdsopﬁila (data cited'in
'Carlson, 1366; see also Garcia=-Bellido, 1973)T‘They
consérucied a mcdel of *he gene which divided it irnto a
number of sub-genes, each of which was a separate
func+ional gnif. The préblew with their model was the
nofion‘that each sub=-gene was specific for a serarate
scuteliar bristle. This, of course, was not the cage

and because of *he numerous 2xceptions tc the model i+

was even+tueally discarded,

Our new unders*anding cf <he gene 25 a mosaic

structur2 gives +he model a2 new validiiy. If one views

*he sub-geres 2s contreclling differen+t func*innal parts

a protein, complex complementa*ion patierns, and

1

o
mui+tiple allelic series a2+t loci will come as nd

surprise, Genes such as rudimentary (r) in Drosophila

'(Carlson, 1571) and npc-54 .in :he‘nematode, whose gene

preduc=s are kncwn, support ‘such a model. Rudimen*ary,

a“complex locus, codes for three different enzymes cf

the pyrimidine ticsynthetic pa<hway (Norby, 1370; Jarry

and Palk, 1374; Rawls and Pris<rom, 1375) ard unc-54,
as stated earlier, codes for myosin, a complex protein.

® Q
o



accept -he idea tha= largs intervening sequences dc

Gere+ic studies ofArudimenta:y reveal a compiex
complementation maé (Qarlson; 1971), and my own
studies, involving ﬁnc-Su (ss2e Results iII),v
demonstrate that this gene has multiple alleleé. The
sub=-gene conéept‘also allows one to viewAthe gene
itcelf as an evoiving sﬁéucture.lCertain mutations

~

within a gene migh®t reveal something of its ev?igf?bn

ty generating 'atavic vrc+eins!' and possibly even

a*avic phenotypss, Perhaps the bithorax series in D,

.melanogaster (lewis, 1363) and displaced vulva in [o

elegans are examcrles of such mutations.’

2

-

The discovary of +he mosaic na%ture of genes casis

dcub< on *he model cf a.g2ne as a bipartite structure

, ,
wi+h separate requlatory and s*ructural eleden<ts., If

F3 N : : . .
svclu*tion is indead Pars:mon&oﬂs‘it ist difficult +c¢

e

v

(o]

have a functicn in gene expression. As stated earlier,

+he limited amoun=t of =svidence on gene regulaticn in

‘encaryon=es sugges*s tha* =ranscriptional control sites

are mru*side +he liaits nf the structural element,

Transcripticn of a wRNA precursor is but a-small part

of regulation. The BNA must e+ill be processed and the

message <ransferred <hrough the nuclear membrane.

There has *2 be 2 code within <he RNA +o dc this. A

ko

o]
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role for the intervening sequences in'tfdnscr;ptional

<«

regulaiéonlmight also be yiéualizgd i€, for instance,
the ihtervening seQuences:of a géne being tranécribed
_actéd.a§ inﬁuceré of -other genes, This wouid be a means
of cgorginately':egulafing‘the transc:iption of several
messagés1w | |
K

‘Li<tle is known albout the intervening sequences,
¢r 'introns' (Gilbert, 1978). The few intrbns examined
appear *o have 'unique' s=2quences, rather than
modefately or h}ghly rééetitive seéuenqes (Robertsor et
ai., 1979; also references in Crick, 1979ji Data from
several sourcss indicate *he in“romns are ﬁbt as
conservad in evolutioﬁ as are the cpding sequences, A
compérisén of fabbit and mouse’beta—globin genes

|

demonstrates that =he prectein coding parts of the gepe

)4
e
[
)

e 3ip

3

m
9

re qu but +tha<z =he introns, although

Y
la*ed, are consideratly diffesrent (van den Berg &+

ty
D

al,, 1973). A similaﬁ.ccgparison between *he +wo
t2ta-globin genes of mouse shows that the codirg region
anéd somre of ths éequences of the iniron adjacent +o it
aTe coﬁéérve@. The zest of the intron is not (Tiemeier
e+ ai., 1378}y, 2 szpdy’of “he ovalbumin gene/;d\
chicker has dezors+rated allelic differences in one of

S
-t .

- he

1

cvening ssguences of the gene in a chicken



Popﬁiatidnwfﬁai'e%faif7~%979¥T—%heseffesﬂ%%sfiﬁéiea%e————e¥———%;fff—f

r , , L
thkat introns are subject to =2volutionary drift which

sugges*s they might not have a function,

]

A study of deleticn mutants in simian virus 40

(Lai and Khoury, 1973) does not agree iith this o

'1hrérbfér"ii‘n. Theso workers 1soIa‘eH’ serieés of

dele+tions in +hé reglon of the DNA of svld0 codlng for

the la*e v1ral protc*n The genes in,*hlc reglon are ;

of +wo ypes, split genes and overlapplng genes. !; »

N

characterizatien of the dolat’ons has bcen donse by

he+erodup1ex mapolng and some codver only a par*,of the

cod:ng eleman%, while c*hers 1nclude part of the codlng

sequence, a splice junc*ion and paT* of the,lntron. An

examina*iorn of the products of these deletion mutants
raveals +hat delztions which include only a part of the
ceding sequence are capable of producing a sfablé mRNA.

Deletions whick span a splice junction and par* of an

¢

in<ren, however, canno+ produce a stable RNA product. : -

The -RNA is +ranscribed, but is turned over very'quickly

withip “he nucleus. Proa these results théy conclude
. S (

_Ha* *Hn splrce juncf:ons and/or +he ln*ervening ' yé

sequences are *lpor*ant.fer BRNA biosy;fie=1s.
Un;crtuna*ely, Lai ard Khoury 4id not have a crucial

del=a*+ior mu*tan*, one ‘ha‘ only renoved +he introrn and
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not +he splice junc+ions or the coding sed%gnces.

Therefore, i+t could be arqued that only part of the
intron adjacen +o the coding sequence, that part found
+o be conserved in evolu+tion, is necessary for RNA

processing. - ] ///4{/ o

»

AmTbese_rgsnl:s*demnns:xaigjungqnizggally that a

host of new mut*a*ions would ¥W& exposed by a combined

~ Pirnally, a role for introns in iniragen

‘aforementioned results predict sQ1b-class of nullc

geretic and molécular s*udy of a eucatyo*e gene. The

mutants +ha- are due *o RNA instabili“y. Deperding on
how complicated +he splice junction recognition
sequence is, i* may be possible to generate a splicing .,

signal within the coding sequence +to genera*e a peptide
g A re

with anvin-érnal deletion .(unc-54(e675)?). This would

E

te unlikely 1if *he splicingvsequence is very complex.

-

o

c or in+ergenic
+ranscriptional regulation car be firmly es*ablishad P

crly when\zfgulato:y muta+tiong are found “o map within’
o, —_ R ¥ ’ .
ol . -

thése sequences., These specula*ions can be confirmed by

Conbininq'thetapprgach that I have used in this thesis ~
“+¢ analyze the unc-22 region Mith an equally Y ~
cophisticated molecular study of the regiom., Neithker S

approach alore can hope. to answer all questions

concerning *he crganiza*ion of the gene.

y



173

To cbncludé, in cur understanding of the»gene cne
feels much like the tdrn?of-the—century biologis* must
have felf uhgn coﬁf:onted with chromosomes on the one
hand, and ﬂéhdeliaﬁ gene+ics on :hevother. ‘The tﬁo_
mus+ complemen<%, bu+t hcﬁ?;It’;ook +the work of Bridges

(1916).§nd o+hers, on'non4disjunction in-Drosophila, +o -

bring *he *“wc *cge+her into the chromosome theory cf

inheritance, We are at a similar iﬁpasse in our
unders+arding of the gene and its relationship to a DNA
sequence. How can we describe the molecular natureréf
+he gene? Only wi+h the charactérization of -
“ranscriptional contrcl mutations can this questicg be

ansvered. ;

Recen+ly Francis. Crick (1973) has stated, '',..I
ha#e deliberately used the word 'gene' in a loose sense
sirce at this time,any precise definiti;n would be
Prematuref" One‘§ondersrhow Richard Goldsé%ﬂidt‘wouldv

view this +urn of events.
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