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The p u r p o s e  z~f this thesis was l o  i n v e s Z t g a t e  t h e  

g a n e z i c  o r q a ~ i z s t l ~ c  cf t h e  gnc- 2 2  r e g i o n  on chromcsome 

IV In t h e  f r ~ ~ - E v i c g  nematode Caeno rhzbd i t i s  e l e q a n s ,  

Purzlhez, i t  w z s  hoped t h a z  some u n d s r s - a n d i n g  of the 
3 

r o l e  of  t h e  ULC-22  geno ~ z o d u c t  i n  t h s  or i togeny  of t h 2  
d 

nema-ode m i q h ?  zmsrge from this szudy. 

A g ~ n s ' i c  5 l r . o - s t r u c t u ~ e  a c a l y s i s  af the u n c - 2 2  

' g ~ r s  show2d severa l  s i t e s  to b e  separable  by 

r ecombina t ion ,  F i f t e e n  a l l e i e s  were mapped within $he 

locus, or:e of which was t h o  dominar.~ a l l e i e  m s .  Ma.p 

d i s ~ ~ n c e s  b e t w ~ e n  a l l e l e s  wore c o m p a r a b l e  t o  :hosew 
I e s 

a s ' s o c i a t e d  w i t h  i n t r a g e n i c  r ecombina t ion  i n  Drosophi la  

melzr ,oqaster ,  i ; l d i c a = F ? g  that g e n e t i c  f i n e - s t r u c t u r e  
3 

m a l y n L s  is  - f s a s i b l e .  i n  C, el .eqans.  Evidence of  

p o s s i b l e  gene c o n v e r s i c n  was a l s o  fourd-.  A prolFmFnary 

e s t i m a t 2  of t h e  unc-22 gene sFze is x 10-2 map 

units. 
i 
I 

r - I 
+ 

A number of unc -22  alleles uere,'tasied for 
I. t 

suppression b y  the inf o r m s t i o n a l  suppressor 
- 

s u p - 5  ( e l 4 6 4 1  , O f  eleven mappea a l l e l e s  a n d  fifteen" - 

unmapped a l l e i e s ,  o c l y  one,  s32 was suppressible, 
, 
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m u s c l e  t w i t c h i n g  v a r i o u s  a l l e l e s .  

A1-hough suppressing h1 unc-22  m u t a k i o n s ,  - s74 
& 

- -- - - -  7 
- -  -- A - 

e x h i b i ' e d  a n  a l l e l e  s p e c i f i c  p a t t e r n  of s u p p r e s s i o n ,  

T h a t  is, d e p e n d i c g  on t h e  u c c - 2 2 - a l l e l e ,  t h e  p a t t e r n  of 
f 

s u p p r e s s i o c  was d o m i n a n t ,  s e m i - d o m l n a  nt , o r  r e c e s s i v e .  

T h ~ s e  d l f f e r m t  patterns of s u p p r e s s i o n  a l l o w e d  t h e  

unc -22  m u t a t i o n s  to be r a n k e d  a c c o r d i n g  t o  t h ~ i r  degree 

cf scuer i ty .  No c o r r e l k t i o n -  was f o u n d -  betwecln +:hp map 

p o s f t i c n  c~ a f i n s - s t r u c t u r e  map- o f  aa unc-22  a l l e l e  

a n d  its p a t t e r c  of s u p ~ r e s s i o n .  

These gene ' i c  studies, a s  well a s  e v i d e n c e  from 
-. D 

m c r p h o l o g i c a l  o b s e r v a t i o n s  a n d  p h a r m a c o l o g i c a l  tests, 

euggesi t h a t  t h e  unc-22 gene p r o d u c t  5 s  l o c a l i z e d  t o  - 
m u s c l e  c ~ l l s - ,  and  t h z t  ~t i s  i n t i m a t e l y  i n v o l v e d  i n  =he 

prccess o f  c c n t r a c t i o r .  
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T h s  p r o c e s s  o f  c e l l u l e r  d i f f e r e n t i a t i o n  i s  cne o f  . 

t h e - m o s t  i n ' r i g u i n g  p r o b l e q s  i n  c o n t e m p o r a r y  b i o l o q y .  
6 

%he - i m p o r t a p c e  of u n d e r s t a n d i c g  t h e  p t c c e s s  of 
- 

d t f  f e r e n t i a t i ' o n  h a s  b , e ~ n  z -scogc ized  f c r  scme time, a s  
- ,  

. is e v 5 d s r . t  from the f o l l o w i ' n g  s t a t e m e n t  by  Augus+o 
9 - 

-.- 

Weisman, " I f  we c o u l d  2 8 s  t h e  d e t e r m i n a n t s ,  a n d  

r e c o q n i z e  d l z e c t l y .  r h e i r  a r r a n g e m e n t  i n .  the ge rm-p la sm 

\ a n d  -,heir ' F m p o z t a n c ~  i n  o n t o g e n y ,  us c o u l d  d o u b % l e s s  , 

% u n d e r s t a n d  many cf the ph9nornsna of o r i t o g e n y  a n d  t h e i r  . 

r e l a t i o n s h i p  t c r  p h y l o g e n y  w h i c h  m u s t  o t h e r w i s e  remaih  a  ' 

r i d d l e . "  (weisman, 130,Q; c i t e d  i n  G o u l d ,  1977) . , 

Weismen recognized t h a t  zhe p r o b l e m s  of 

d o v e l o d r n e 2 t  a n d  h e r e d i t y  are i n t i m a t e l y  c o h n e c  ted. 
- 

S e v e r a l  of the ' .ear l ,y  g e n e & i c i  sts r e c o g p i z e d  t h i s  

r e l a t i o n s h i p  a.nd tried f o  e x p l a i n  d e v e l o p m e n t a l  t 

p r o c e s s e s  bascld cn wha t  was therid known , a b o u t  t h e  geEe - 
- 

, (Heisrnani s d e t s r m i n d n t s )  . I. C .  Dunn  ( 1 3 1 7 ,  c i t a d ' i n  

D u r n ,  1965) was, p s r h a p ? ,  the f i r s t  t o  s u g g e s t  t h a t  B 

c h r o m o s g m a l  genes . c o n t  rc l  steps i n  d e w l o p a t e n t ,  a n d  

l a - e r  R i c h a r d  G o l d s c h m i d t  h y p o t h e s i z e d  t h e  Irate  gened 

t o  e x p l a i n  how a gene  c o u l d  c o n t r o l  d e v e l o p m e n t  ( 1 9 1 8 ;  

1 3 3 8 ;  cited i n  Hadogn,  1 3 6 1 ) .  His i d e a  was t h a t ,  ."The 



m u t a n t  gece p r o d u c e s  i t s  e f f e c t ,  t h e  d i f f e r e n c e  frcm - 

t h e  w i l d - t y p e ,  b y  c h a n g i n g  t h e  r a t e  o f  p a r t l a i  

p r c c c z s s e s  o f  d e v e l o p m e n ? .  T h e s e  m i g h t  b e  r a t e s  5f 

growth o r  d i f f  s r e n t i a t i o n ,  r a t e s  of p r o d u c t i o n  o f  

s ? u f f s  n e c e s s a e f y  f0.r d l f f e r e n ' t i a t i o n ,  r a t e s  o f  
4 

r e a c t i o n s  l e a d i n g  t o  d e f i n i t e  p h y s i c a l  o r  c h e m i c a l  . -. - 
s i t u a t i o n s  a+  d 2 f i r i t e  ~ i m e s  o f  d e v e l o p m e n t ,  r a t e s  o f  

t h o s e  p , r o c e s s e s  w h i c h  a r e  r e s p o n s i b l e  f c r  s e g r e g a t i n g  
i'& . 5 - \  

t h e  e m b r y o n i c  po ' , e rLc les  ar, d e f i n i t e  times." 

( G c l d s c h m i d t ,  1338: c i t e d  i n  G o u l d ,  1 3 7 1 )  The m o s t  
. . 

p e n e t r a t i n g  s u q g e s t i o n  c c n c e r n i n g  g e n e s  a n d  

d e v e l o p m e n t a l  F r o c e s s e s ,  was o f f e r e d  by T. H. M o r g a n  

( 1 3 3 4 ) -  who w r o t e :  - l i ~ h e  v i s i b l e  d i f  f e r s n t i a t i o n  cf t h o  

€ m b r y o n i c  c e l l s  t a k s s  ~ i a c e  i n  t h e  p r o t o p l q s m .  The m o s t  

cGmmon & n e ? i c  a s s u m p t i o n  I s  t h a t  t h e  g e n s s  r e m a i n  - t h e  . I 

f 
, 

same t h r c u g h o u t  t h i s  t ime.  I t  is, h o w e v e r ,  c o n c e i v a b l e  
-- 

t h a t  t h e  g e n e s  a l s o  a f "  b u i l d i n g  u p  m o r e  and m o r e ,  o r  % 

a r e  c h a z g l n q  r n  soms way ,  a s  d e ' v s l o p m e n t  p r o c e e d s  i n  - 
r e s p o n s e  t o  t h a t  ' - p a i t  o f  :ha p Z o t o p l a s m  i n  w h i c h  they* I 

come t c  l i e ,  an& t h a t  these c h a c g s s  h a v e  a  r e c i p r o c a l  
e 

i n f l u s n c ~  cn t h e .  p r o t o p l a s m . "  ' 

Morgan  - r e a l 4 z o d  t h a t  g e n e s  m u s t  s0meho.w c h a n g e  

d u r i n g  d e v e l o p m e n t .  T o d a y  t h i s  c o n c e p t  i s  known a s  t h e  

v a r i a b l e  gene  3 c t l v F ~ y  t h e o r y  o f  d i f f e r e n r i a t i o n  
C 

-e 
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r e q u l i t i o n  i n '  e u c a r . y o t e s  is n o n - . e x i s t e n t .  A t  p r e s e n t  we - -  g 

t z. 

- dor n o t  u r 4 5 e r s - 4 n d  -.he m e t h o d  o f  t r a n s c r i p " , l o n a l  . 
* 

r e g u l a t i o r !  cf a s i n g l e  g c n e  i n  e u ' c a r y o t e s .  T h 9  

a c b j e c t i v e  cf t h i s  t h e s i s  h a s  b e e n  t o  d s v e l o p  a system. 

w h i c h  w o u l d  a l l o w  f o r  G u ~ s t i o n s  p e r t a i n i n g  t o  g e n c m i c  
4 

~ r g ~ n l z a t i c n , ~ t r a n s c r i p t i o r i a l  r e g u l a t i o n  a n d  c e l l  
> - 

. dif f e r e n r i a t i o n  tc be e x p l o r e d  . s  T ~ c )  a s s u m p t i ~ n  i r h e r e n t  

in this a p p r c a c h  has b e e n  that i t  s h o u l d  b e  p o s s i b l e  t c  4 
. ". 

d i s s e c t  out t h s  g e n e t i c  s p e c i f i c a t i o n s  f o r  d e v e l o p m e n t  

in  he s a m e  way t h a t  t h e  b l o s y p t h e t l c  p a t h w a y s  in 

.. b a c 5 e r l a  ~ a r d  t h o  a s s e m b l y  p a t t e r n  in b a c t e r i o p h a g e  nave 

b e e n  a n a l y z e d .  
hb 

h 
T h e  o r g a n i s m  u s e d  i n  + h i s  s ~ u d y  w a s   he. 

L ' 

f r e 5 - l i v i n g  n e m a t o d +  C a e n o r h a b d i t i s  e l e q a n s  ( M a u p a s ) .  

The  n e m a t o d ~  h a s  a  l o n g  h i s t o z y  a s  a  u s p f u l  c r g a n i s r n '  

f o r  t h e  s t u d y  of d e v e l o p m e n t .  A s  o a r l y  a s  1871 O t t o  
. . . '  

~ u t s c h l i  was u s i n g  f r e e l i v i n g  n e m a t o d e s .  TO s t u d y  t h ?  
r 

I 

mechan i sm c f  f e r t i l i z a t i o n  ( c i t e d  i n  ~ o l d s c h m i d ' . . ,  - 

1 9 5 6 ) .  He c h o s e  t h e  n e m a t o d e  b s c a - u s e  i', was 

t r a n s p a r e n t .  T h ~ o d o r  B o v e r i  a l s o  c h o s e  t c  work  ~ 5 t h  a  

rJma+ode f o r  his s t u d i e s  on c e l l - d i v i s i c n  a n d  n u c l e a r  

m o r p h o l o g y  ( 1 8 8 7 - ' 1 9 0 7 ) .  F n r  h i s  ,work  h e  u s e d  a n  a s c a r i d  

p a 2 a s i z e  of h o r s e s  ( f o r  de t a i&s ,  see J a c o b ,  1 9 7 3 )  . K a r l  

Belar, bstween 1 9 1 0  a n d  1 3 3 0 ,  a p p a r s n t l y  was the first 
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i m p c r r a n r  pain+ is ? h a t  t h e  c e l l  l i n e a g o  is  a l m o s t  
t 

e n t i r e l y  d e s c r i b e d  ( D e p p e  at a l . ,  19781 S u l s t o n  a n d  

Horvc t z ,  1977)  . T h i s  h a s  b e e n  p o s s ' i b l e  b e c a u s e  of t h e  

worms a ~ a i o m i c a l  s l  m p l i c i t y ,  i t s  t r a E s p a z e n c y ,  3nd 
A 

., 

b e c a u s e  c f  t h e  u s 5  of N o m a r s k i  i n t e r f e r e n c e  m i c r c s c c p y ,  

a l l  o f  which make L ?  r e l a t i v e l y  e a s y  zo  m o ~ i t o i  c e l l  

division a n d  f o l l o w  'he movsment of  i n d i v i d u a l  ce l l s .  
+ 

Q 

The n e m a ~ o d e  i s  e a s i l y  cultured i n  l a r g e  n u m b 2 r s .  I t s  

P 

c e n t i g r a d e )  , lsrge b r o c d  s i z e '  ( a p p ~ o x i m a t e l y  250  
-\ " 

"progeny) 6 n d  t h e  ~ 3 s e  wizh w h i c h  i t  c a n  b9 m u t a t e d  'make 
> 

i: i d e a l  f o r  g e n e r i c  studies ( B r e n c s r ,  1 3 7 4 )  . Since i t  

r i s  a s ~ i f - f e r t l l i z l n g  h e r m a p h r o d i t e ,  m u t a n t  s t o c k s  aze 

e a s i l y  i n a i n t a t n e d  a n d  m a l e s  a r c  r e a d i l y  i n d d c i b l e ,  o r  

car! b e  ma i r , t a i n e d  a s  s t 3 c k s .  Chromosomt  rsarrangements, 

I c c l u Z i n g  t r ~ ~ s l o c a ? i o n s ,  i n v e r s i o n s  a n d  d e f i c i o ~ c l e c  k t  

a r e  a v a i l a b l e  i n  t h e  worm (Herman e t  a l . ,  1976; Heyman, 

1978 ;  M e n e e l y  and Herman, 1373; floerman a n d  B a i l l i e ,  i n  

- .  press). The D N A  canter.? of  t h s  worm i s  known ( h a p l c i d  

D N A  ccn-en: e q u a l s  8 x 107 bass  p a i r ' s )  ' a n d  some & ? a  

a r e  i i v a i l a b l o  on its m c l e c u l a r  o r g a n i z a t i o n  ( S u l s t c n  - 
and B r e n n e i ,  1 3 7 4 ;  S c h a c h a t  e t  a l e ,  1 3 7 8 ;  Ernmons st ' 

a l . ,  1 3 7 9 ) .  A l l  ' o g e t h e r  t h i s  makes  - h e  nqmazcd? a n  

hmpcrtant o r g a c i s m  f c r  s - u d y i n g  t-he f u n d a m e n t a l  laws 
I 

g o v e r n F n g  d e v e l c p m e n t .  I 
, I  



- 

a n d  

the problem of qenomic o r g a n i z a t i o n  
, - 

mu'ck - t o  the p r e v i o u s  work dcne on 

DrosophFla rnelanoqastez by  Hcchman ( 1  371) , J u d d  ot a l ,  

( 1 9 7 2 )  a ~ d  Zhovnick st a l .  ( 1 9 7 7 ) .  I.rrdeed, t h e i r  

' e c h n i q u e s  f c r  s n a l y z i n g  l e t h a ;  mg5at ions and f o r  

gece-ic f ine-s;ructure mapping h a v ~  been e s s m t i a l ' i n  - -- 
this r e s 2 a r c 5 .  T ~ s  c e n t z a l  lccus i n v e s t i g a t e d  in t h i s  

s'.udy was t h k  u n c - 2 2  gene on linkage group I V  ( B r e n n e r ,  

1 9 7 4 ;  flcermar. ~ r , d  B a i l l i e ,  1 9 7 3 ) ,  T h i s  

yo have a  r o l e  Ln muscle structur2 and 

h o m c z y g o u s  f o r  a h u i a ~ i g n  i n  this gena i 
c h a r a c 5 ~ r i s  t i c  twirchi3q p a t e e r n  a l o n g  

\ 

m u s c u l a : u r e ,  acd morphological s t u d L e s  

~ g m e  i s  b e l i e v e d  

f u n c t i o n .  Wcrms 
( 

d i s p l a y  a 

r h e  body-wall , /" 

reveal ? h a t  t h e i r  body-wall m2scie filame35 s t r u c t u r e  

T h e  e v e n t u a l  g o a l  i s  73  ucde r s ' and  hcw t h e  unc-22 

qere is regulat~d during d e v e l o p i n e n t ;  b u t  first 2% i s  

n e c e s s a r y  t o  u n d e r s t a n  d t h e  genetic o r g a n i z a t i o n  o f  

' 3 : s  l o c u s  ecd i t s  r e l a t i c n s h i p  t o  o t h e r  e lemants  
-i 

.. 
unc-22 g e n e ,  'he L d e a t l f l c a ~ i o n  of s e v e r a l  e s s e n t i a l  



- -- 
loci linked t o  it, an2 the d e m o n s t r a t i o n  of gene 

& n ? e r a c t i o r  i n v s l v i n g  u n c - 2 2  a ~ d  v a r i o u s  qqqes 

af f e c t h g  muscle scructurs snd function. 



M a t e r i a l s  a n d  Met h o d s .  

(i) N e m a t o d e  s t r a i n s ,  m e d i a  a n d  c u l t u r e  

c o n d i t i o n s :  N G  a g a r  a s  d e s c r i b e d  by B r e n n e r  ( 1 3 7 4 )  was 

u s e d  t h r o u g h o u t  t h i s  s t u d y .  E .  c o l i  (OP-50; a u r a c i l  

a u x o t r o p h )  i n  n u t r i e n t  b r o t h  ( D i f c o )  a t  2-3 x 1 0 8  

cells/ml were u s e d  f o r  s t r e a k i n g  p l a t e s .  1 0 0  m m  P e t r i  

p l a t e s  were u s e d  f o r  t h e  m a i n t e n a n c e  o f  t h e  s t r a i n s  ( a t  

1 6  d e g r e e s  c ~ n t i g r a d e )  a n d  f o r  t h e  i s o l a t i o n  of 

m u t a t i o n s .  C. e l e g a n s  h a s  t w o  s e x e s :  self- f e r t i l i z i n g  

h e r m a p h r c d i  t o s  a n d  males. T h e  w i l d - t y p e  h e r m a p h r o d i t e  

s t o c k ,  N-2-S, was d e r i v e d  f r o m  a s i n g l e  N-2 f r o m  t h e  

C a m b r i d g e  s t o c k  c o l l e c t i o n  i n  1 9 7 3 .  N-2-S male s t o c k s  

were m a i c t a i n e d  b y  c r o s s i n g  m a l e s  (5AA,XO) t o  N-2-S 

h e r m a p h r o d i t e s  (5AA,XX) e a c h  g e n e r a t i o n .  The m u t a n t  

s t r a i n s  e m p l o y e d  i n  t h i s  s t u d y  a r e  l i s r e d  i n  T a b l ~  1. 

B a s i c  m e t h o d s  of n e m a t o d e  g e n e t i c s  a r e  d e s c r i b e d  by  

B r e n n s r  ( 1  9 7 4 )  . 

(ii) I n d u c t i o n  a n d  isolation o f  u n c - 2 2  m u t a f i c n s :  

T h e  m u t a g e n  e t h y l -  m e t h a n 2  s u l f o n a t e  (EMS) was u s e d .  

N-2-S worms were w a s h e d  f r o m  s t o c k  p l a t e s  w i t h  M-9 

b u f f e r  ( B r e n n e r ,  1 9 7 4 )  a n d  c o l l e c t e d  a f t e r  

c e n t r i f u q a t i o n  ( 2 0 0  x g ) .  T h e s e  worms were t h e n  

s u s p e n d e d  i n  e i t h e r  0.05M EMS ( 2 0  l a m b d a  EMS i n t o  4  m l  



Table - 1 .  

f iu ta?ion.s  used. * 
Linkage group 4 gene a l l e l e  

gnc- 15 ' 

mc- 35 

dpy- 10 e l 2 8  

dpy- 9 
u'nc- 5 

unc- 30 
unc-31 
uoc- 4 3  
t r a -3  

* T h i s  t a b l e  doss nct include t h e  l e t h a l  m u t a t i o n s .  These 
a r e  l i s t e d  i n  T a b l e s ,  11 a n d  12 .  

*? e; Isolated a t  Cantbr idge ,  E n g l a n d .  
***-q-kGola%ed a5 Columbus, Missouri, U. S. A*- 

r .  **** s-; i s o l a t e d  a+ Simon F-aser, canadd. 
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(iii,) ~ o n k t r u c t i o n  of t r i p l e  m u t a n r s :  T r i p l e  

m u t a n t s  of the f o l l o w i n g  g e n o t y p e ,  
b 

unc-  S(el52) , u n c - 2 2  ( s x )  , d p y - 4  (el 1661 ,  were n e e d e d  
'i p o s i t i o n  t h e  t w i t c h e r  a l l e l e s  r e l a t i v o  t o  o n e  a n o t h e r .  

These t r i p l e  m u t a n t s  .were c o n s t r u c t e d  u s i n g  t h e  
F 

f o l l o w i n g  p r o t o c o l .  Homozygous  t w i t c h e r  h e r m a p h r o d i t e s  
4 

were o u t c r o s s e d  '-9 N-2-S males. The F1 m a l e  p r o g e n y  

were t h e n  m a t s d  t o  h e r m ~ h r o d i t e s  t h a t  were homoz'ygous 

f o r  dpy-4  ( e l1  66)  . From t h i s  cross young  h e r m a p h r o d i t e  

p r o g e n y  t h a T  t w i t , c h e d  i n  a  s o l u t i o n  of 1% n i c c t i n e  were 

s e l e c t e d  acd a l l o w b d  to lay eggs .  When t h e  l a t t e r  h a d  

g r o w n  t h e y  were s c r e ~ n e d  fo r  dumpy worms t h a t  $ w i t c h e d  

i n  the 1 %  n i c c t i n e  s o l u t i o n .  Once f o u n d ,  the  dumpy 

m u t a n t s  were p l a c e d  o n  a  p l a t e  a n d  a l l o w e d  t o  l a y  e g g s ,  

1 / 4  of  which were e x p e c t e d  t c  b e  h o m o z y g o u s  dumpy a n d  

t w i t c h e r .  T h e  d o u b l e  dumpy t w i t c h e r s  were t h e n  

o u t c r o s s e d ' t c  N-2-S m a l e s .  T h e  F1 male p r o g e n y  t h i s  

time were c r o s s e d  t o  h e r m a p h r o d i t e s  h o m o z y g o u s  f o r  ' 

u r c - 5 ( c 1 5 2 ) .  A 1% n i c o t i n e  s o l u t i o n  was a d d e d  t o  t h e  
- 

p r o g e n y  a n d  a g a i n  the y o u n g  h e r m a p h r o d i t e s  t h a t  

- cwirched  were s e l e c t e d  and a l l o w e d  t o  l a y  e g g s .  

Proqeny f r o m ~ t h e s e  eggs were a l l o w e d  t o  m a t u r e  a n d , ,  - 
ucc-5 h e r m a p h r o d i t e s  t h a t  t w i t c h e d  i n  n i c c t i n e  were 
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CAENORHABDITIS ELEGANS 
GENETIC MAP 

APRIL  1979 
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Figure 1. Genetic map of Caenorhabditis elegans. 
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?one p r i m a r i l y  a t  a l o w  magnification a n d r e c o m b i n a n t s  

i n  eaz l i e r  l a r v a l  steges  would  p o s s i b l y  h a v e  beep- 
s- 

- misscp, Tc s c o r e  P o r  r e c o m b i n a n t s  we l o o k e d  f o r  wcrms 
2 

* 

that wore..eirhsr w i l d - t y p e ,  dukupy, unc-5 ,  o r  dumpy . a .- 
, I - 

unc-5  i n  a p p e a r a n c e ,  that F s , + a X l  n o n - t w 5 t c h e r  
1. 

p h e n o t y p e s ,  
\ 

, (vi) I s o l a t i o n ,  mapping  a n d  c h a r a c t e r l z a  t i o n  of 

t h e  unc-22  l i n k e d  l e t h a l '  m u t a t i o n s :  EMS t r e a t e d  (0 .051  
- / 

. . o r  0.Q25M) unc-22 (s?)  -woras were mated  t o '  w l l - d - t y g e  e . - 
- a  .. 

m a l e s .  I'n the F1, ycung a d u l t  o u ' t c r o s s  h e r m a p h r o d i t a s  

were s e l e c t e d  ( P i p u r e  2 )  a n d  p i a c e d  one per p l a t e  a t  26 . * -  

d e g r e e s  C.  After 2 4  h r s .  o f  l a y i n g  e g g s  t h e s e  worms 
7 

were removed .  The F2 worms were e x a m i n e d  t o  ' d e t e r m i n s  
I e 

. \ 
t h 6  r a r i o  o f  w i l d - t y p e  t o  m u t a n t  (unc-.22) p r o g e n y . .  The 

-3. 
- 

r a t i q n a i e  behind- 'hi: p r b c e d u r e  wa& t h a t  i f  a l e t h a l '  
, - 

. a r o s e  claosely l i n k e d  t o  unc -22  o n  l i n k a g e  g r o u p  I Y i -  a - 
distortion was e x p e c t e d  i n  t h e  r a t i o  o f  u n c o o r d i n a t e r d  - + - 

b 

tc w i l d - t y p e  worms. T h a t  is,- there s h o u l d  h a v s  been a  
. %< 

, d i s t  c r t i o n  i n  t h ~ ~  r a t i o  t o w a r d s  w i l d - t y p e .  ~ n d i v i d u a l s  

s h o w i n g  p w , i l d - t y p e -  t o  u n c o o r d i n a t e d  r a t i o  of 1 0 0  to. - 

one were d e s i g n a t e d  a s  l i n k e d  lethals. To i n s u r e  a l s o  ' 
a* 

t h a t  s t e r i l e  m u t a t i o n s  i n  t h e  r e g i c n  were i s o l a t e d ,  a l l  
t 

p l a ~ e s  g i v 9 n g  a 3: 1 r a t i o  were e x a m i n e d  f o r  the 
> 



- 

( .05M.  E M S  f o r  
unc-2 2 
unc-2gf 

4hrs., 2 0 • ‹ C . )  

L E T H A L  

Figuke 2; ~"ec t ion  prctpcol for  unc-22 linked 
l e tha l  and s t e r i l e  k t a t i o n s .  
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(vii) f iu%aqecesis  w i t h  forrnaldehy.de and  i s o l a t i o n  

- o f  def i c i e ~ c i s s :  F o r m a l d e h y d e  was p r e p a r e d  by  warming 
I 

5 gm of p a r a f c r m a i d e h y d e  ( F i k h o r  C o . )  i n  50 m l  of 6 5  - 
aegrees C, d i s t i i i e d  wa?er a n d  a d d i n g  sod ium h y d r c x i d e  

\ 
-,c- clf zf r h e  solut ior , .  After c l e a r i n g ,  the s o l u t y i o n  was 

~d j t1s~e8 +_6 pH 7 . 2 ,  &i,%t;lred r 0  I 5 0  r t t l  w i t h  disriffe4, 
* 't - 

u a t - l r ,  k u r t h e i  diluted t o  500 m l  by. a d d i n g  H 3  buffer 
.d 

(Bzencor, 1 9 7 4 )  an3 rhis0l% s o l u t i o o  w a s  k e p t  a s  a 

s'loc k sclu'li-cn.~--,B,11 fur5her E l u t i o n s  were done by  
4 A 

A - 
a d d i n g  B 9  b u f f e r ,  

N-2-S wozms weye m u t a g e n i z e d  by wash ing  uorms fr6m 

stock p l a t e s  w i t h  B 3  t n f f e r  and ccllecting after 
3? 

c e c t r i f u g a t l o 3  (200 x g ) .  These worms were 'h~n 
-i 

s u s p e z d e d  i n  e i t h e r  a I % ,  0 .1  % o r  -0.01% s o l u t i o n  cf . - 
f ~ r m a l d e h y d e .  After 4 h r s ,  a t  2 0  d c g r e e s  C .  t h e y  u a x s ,  

I 

2 
a .  z ~ m o v a d .  Prom =he f c r r n a l d e h y 5 e  wi'h a P a s T e u r  p i p e t t ~  

~3 spo-ed on50 a P e ' r i  p l a t e ,  After a p p r z x i a a t e l y  2 
, -- - 

hrs. ,  f c u r t h  stsge l a r v a +  and young a d u l t  worms wers 

w i t h  l a w ~ s  cf O D - 5 0  fa: 26 d e g r e ~ s  C . ) .  Iheso worms 

were IF•’% f o r  J3 3ays  226 the F1 prggeny were scrfensd 



T h e  ' s c r e ~ n  fof d ~ l a t i o n s  t a k e s  - advan ' cage  of t h e  
- - - - 

- 
I - c -  fact t h a t  m u t a t i o n s  iz t h e  unc-22 g e n e ,  a l t h o u g h  m o s t l y  - 

-/ A 

recessive u c d e r  s t a n d a r d  cond i t io .ns ,  are a l s o  0 

. - 
cccd l t i o  n a l  d c ~ n l = l a n 5 s .  T h a t  is, a s  p r e v i o u s l y  , 

, desczlbed, wcrms when  either homozygcus o r  h e t e r o z y g o a s  
f 

f c r  an a l l o l e  of t h e  unc-22 gene t w i t c h  ir.' 1% n i c o t i n e ,  

whereas, N-2-5 worms i n  a s o l u t i o n  of  nicotine become 
.i - - 

r i g i d .  
* 

? 

> ,  ., 
a - 7 

T h e  pro$ocol  was t o  screec t h e  F1 p r o g e z y  f o r  - . 
wcrms t h a t ,  t w i t c h s d  i r ;n$cot ine  a n d  t h e n  :b see i f  

r t o s e  worms s > ~ g r e g a t e d  i D d i v i d u a l s  w i t h  a k i t c h e r  
c J~ 

p 5 e c o i y p e .  1 n a i v i d u a l s  t h a t  d i d  n o t  were c a n d i d a t e s  
s 

, f c r  d e f l c i ~ n c i e s  ir, the r s g i o r  a n d  were crossed tc a 

s ~ r i @ s  of I€-ha1 a n d  v i s i b l s  mutations k n c v n  t o  n a p e i n  

t t l s  zrea ,  ~ a t i r g s  were done oc 40 m m  p l a t e s  w i t h  the 
2 9  el - 

3 L 

l e % t a l  c r  v i s i b l e  e u t a i l o r ,  b e l n g  t h e  m a l -  Bn c x a l s p l e  
- *- 

cress IS; male 122 -56  (s46) ,uric--22 (s7) /+,+ times 

~ u t a t i v e  deficiency. Ir, t h s  F1, t h e  plates were 

examlned for males t o  ccnfirm t h a t  t h e  ~ u t a t i v e  

d e f  i c l t rcy  bearing h e r m a p h r o d s t e  o u t c r o s s e d ,  and a l so -  

f c r  t w i t c h e r  a d u 1 t . s  o r  twi tcbr  l a r v a e  depending an- - -- 

I 

u h e ~ h e r  t h e  p u t a t i v e  3efici.ency only e x p c s e d  the 
d ~ v i t c b e r  g e n e  o r  2150 t h e  l e t h a l  gene ( i n  t h i s  r .nbctance 

a I ? t h z i  tha? blocks i n  t h s  ' f o n r t h  l a r v a l  s t a g e ) .  - 
, 
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i ~ s u r e  that f was s t u d p i n g  t h e  d o u b l e  m u t a n t  s i n c e  o n l y  
L -  

a b o u t  1 / 4  o f  the t w i t c h e r s  would hqve b e e n  homozpgous 
- 

fcr the s u p - 5  m u t a t i o n  a s  well. s t e r i l i t y  was n o t  a 
I 

problem b e c a u s s  t r a n s f e r r e d  worms l a y  a few e g g s .  Any 

13 d e q r e e  p l a t e s  that vere f o u n d  w i t h  many t w i t c h e r  

p r o g e n y  a n d  o g g s  i n s i d e  t h e s  were a s s u m e d  not t o  be  
a .  

n o m o z y g o u s ~  f q z  t5e s u p - 5  m u t a t i o n , *  , b e c a u s e  it i n d u c e s  
* 

s t e r i l i t y ,  a n d  werg ,  d i s c a r d e d .  The p=ogeny f r o m  b o t h  

+he 13 a n d  t h e  20 degree C.,  p l a t e s  were e x a m i n e d  f o r  

AW 

s i q n s  of s u ~ p = e s s i c r ? .  I f  23 s u p p r e s s t o n  was seen under 

s t ~ a r d a r d  c o n d i t i o r s ,  1% n i c o t i n e  was a d d e d  t o  see i f  
% 

:he f r e q u e n c y  c f  t w i z c h i n g  was a l t e r e d .  Worms o n  7 3  

d e g r e e  C, p l a t e s  t h a ?  d e m o n s t  r a t e d  s u p p r e s s i o n  were 

rescued f r o n  t h e  2 0  d s q r e s  C. p l a t e .  

The above s c h e m e  was u s e d  on a ssries of t w i t c h e r s  

isolated p r i o r  to r e c e i v i n g  t h e  s u p p r e s s o r  s t o c k .  Ap 

e z s i e r  a n d  mora d i r e c t  t e s t  was to , i s o l a t e  new twitcher 

m u r s t i o n s  in a sap-5 ( e  1464) b a c k g r o u n d  ,. H u t a g e n e s i s  of  

s u p - 5  -wzs d o n e  by w a s h i n g  o f f  s i -ock p l a t e s  o f  - 

sup-5 (~1464) with R3  t u f f e r  ( B r e n n e r ,  1374)  a n d  

c c l l e c t i n g  t h ?  worms a . f t e r  c e n t r i f u g a t i o n  ( 2 0 0  x q) . 
T3ese worms w2re the2 s u s p e n d e d  i n  0.025H EMS. A f t e r  4 

t z s .  a: 20 degrees t h e y  were removed from EBS w i t b  a 
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4 
(ix) I n d u c ' l i o c  of  r e v s r t a n t s :  .,Hut=nt s t o c k s  were . 

b 

washed f r o m .  plates i n d  m u t a g e n i z e d  w i t h  0 .05~1  ENS a n d  

worms f o r  t h e  unc -22  a l l e l e s ,  s 8 -  and s18 were p l a c e d  
A - - I  

4 

20/100 A m  p l a t e ,  w h i l e  s i 2  worms wore s p p t t e d  ontc t h s  
7 - 

- p l a t e s  w i t h  a - P a s t e u r  p i p e t t e .  T o t a l  c o u n t s  were made 
rp 

" I  . " -  

on a small sample of t h e  & and s 1 8  plates t o  give a n  - 
estimate of  C h s  t o i a i  F r o g e n y  s c r e e n s d .  The p l a t e s  ' . 

were t o o  c r c w d e d  t o  make a to ta ;  c o u n t  s o  a r o u g h  - 
est imate was made by c o u n t i n g '  1 / 4  of o n e  p l a t e ,  
/- 

- 

e s t i m a t i n g  t h e  n u m b e r  pe? p l a t e ,  a n d  m u l t i p l y i c q  t h i s  . . -  
J * - -  > ,  

-- 
b y  t h e  - t d + a l  number  -of plat$$. T h i s  was. cornpar& io h - 

. - 
.> 

. _ >  * > .  

s e c o n d  me thod-  w h e r e  the wozms :uere r e m o v e d  from t h e  
Y. - 

p l a t e s  b y  w a s h i n g  w i t h  M 3  b u f f e r ,  c o n c e n ? r a t e d  i~ 1 m l  

o f  buffer, t a k e n  u p  i n  a  P a s t s u r  p i p e t t e  a n d  t h e n  put 

a s  s i n g l e  drops on four s e p a r a t e  p l a t e s .  The worms on 
r 

-a -4 
A * 

each of the 'fcur p l a t e s  were then c o u n t e d  a n d  t?ie 
r 

a p p r c x i m a t e  number of ..worms p e r  . p l a t e  e s t i m a t e d .  From 
= 

* I tkis t h e  total number  o f  worms s c r e e n e d  c o u l d  b e  
P 

d e i e r m i n e d .  The s e c o n d  mgthod  g a v e  a  v@be 20% l o r e r  
. I 

t h a n  ?he  firs': a n d  was u s e d  for  t h e  d e t e r m i n a t i o n  o f '  

?he t o t a l  number  0 5  prcgeny s c r e e n e d .  
- . -  

Th€ s c r e e n  f o r - r e v e r t a n t s  l n v o l v s d  e x a m i n i n g  t h e  

P I  p r o g e n y  cf the t h r ~ e  t w i t c h e r  m u t a t i o n s  f o r  worms 





. u r c - 5 4 ( e l ~ 0 ~ : u a c - 2 2  were c o n s t r u c t e d  b y  c r o s s i n g  m a l e  
, - r" 

w u n i - 2 2 /  + t c  u n c - 1 5  o r  unc-54  h e r m a p h r c d f t e s ,  a n d  
< 

- 
... v* - p i c k s n g  y o u n g  L1 h e r m a p h r o d i t e s  t h a t  t w i t c h e d  i n  

n i c o C i n e .  ~ T h e i r . p r < r g e n y  were examined f o r  t w i t c h e r s  
- C Y  

- 
- 

w h i c h  were s u h s e q u e n t l y  s e t  u p  o n  i n d i v i d u a l  platss. L 

- .  Some of  the p r o g e n y  o f  t h e s e  i h i v i d u a l s f a i l e d  t c  . - . .. 
t w i t c t i  if u n c - 1 5  o r  u n c - 5 4  i$ ib i - tad  t w i t c h i n g .  These 

&F - O n c e  I t  was determined t h a t  t h e  ' r e v e r t a n t s q  were 

- 
a l l e l e s  of unc-54  i t  was  d e s i r a b l e  r o  t e s t  t h e  d e g r e e  

of: i u p p r e s s b n  cf a number of d i f f e r e n t  a l l e l e s  o f  

UPC-22:. TO c o n s t r u c t  t h e  haterozygous d o u b l e  m u t a n t s ,  
-- 

2 - - G '  - 
15 

- 
male a b c - 5 4 ( ~ 7 4 ) - /  + ; + / +  were c r o s s e d  t c - v a r i o u s  - 
t w i t c h e r ,  b e r m a ~ h r o d i t e s .  a n d  ? h e  P 1 p r o g e n y  ware 

- - - 

s c r e e r a d  i n  1% n i c o t i n e  f o r  worms t h a t  d i d . n o t  , t w i t c h .  

~ t c s  e '  young h e r m a p h r o d i t s s  were b r o o d s $ ,  o n e  p e r  40  m m  > 

p l a t e ,  f 6 r  thzee s u c c e s s i v e  b r o o d s  o f  2 4  h r s  e a c h .  
1 1 

~ b e 3 ' r  - m a t u r e  p r o g e n y  were t h e n  s c o r e d  f o r  ths v a r i q u s  
- - 

p h e n o t y p e s  a n d  f r o m  t h e  r e s u l t i n g  r a t i o s  t h e  f o r m d o f  ' , 
, - F  

. . - 1 

, s u p p r e s s i o n  was d o t e r m d n e d .  

( x i )  ~ c n t r u c t i o n  o f  t r i p l o i d  and t e t r a p l o i d .  

s t o c k s  fcr dosaqe studies: T e t r 3 p l o i d  s t o c k s  were - 
- C 

c o n s t r u c t e d  b y  u s i n g  a s c h e m e  s i m i l a r  t o  one  d e s c r i b e d  
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- 
- - - R e s u l t s .  

> - - .  

I. Fins s:ruc'ure a n a l y s i s  of t h s  unc -22  q e n s .  

(i) Mapping o f  = h e  twitcher mu'a+ions t o  l i n k a g e  
# 

g r c . u p  I V  al;d the u n c - 2 2  qene: S e v e r a l  cew r e c ~ s s l v a  

t w i t c h q r  m u t a t i o r . ~  L a v e  b e e n  i s o l a t e d  ( T a b l e  1 )  a n d  ,311 - 
0 

of ~ h e s e  S l w i k c h e r  m u t a 5 o n s  map t o  l i n k a g e  g ? o u p  I V .  

C o m p l e m e ~ + a ? i o c  tesrs with a l l  p a i r - w i s e  c o m b i n a t i c n s  
r 

of a, (thc carrorikcal, a l l e l e  o f  t h e  u n c - 2 2  l o c u s )  , A, . . 
*.* 

s8 s12, e, G, s x  a n d  h a v e  beeri done .  A l l  b 

-0 
-% 

c o m ' b i ~ a t i o n s  give twitcher %ial+s i n  -the F1 and 
- 

t h e z e f c r e ,  t h e s e  m u t a t i o c s  fail t o  c o m p l e m e n t  'one 
. > 

an,o:her. Th? a l l e l a s ,  u, s32, m, e, e, and 
. h 

a52 h a v e  b e ~ n  t + s t e d & n l y  w i t h  t h e  a l l exes  t o5  w h i c h  
7 

& 

they were mapped (see T a b l e  2 )  anct ,  a s  e x p e c t e d ,  f a i l  

t o  c o m p l e m ~ n ~ .  These two p i a c e s  o f  e v i d e n c e ,  map 

l o c a t i o n  and e o m p l e m s n  t a t i o n ,  c o n f i r m  t h a t  these 

tvLtcher r n i t a t i m s  a r e  a l l  a l l e l s s  o f  t h e  u n c - 2 2  l o c u s .  

(ii) ~ a p p i n q  w l t h i n  the u n c - 2 2  q e n e :  Fifteen 

a l l e l e s  were mapped wFthLn  t h e  u n c - 2 2  l o c u s  (Table 2 )  . 
E l e v e n  o f  thirteen ~ e s t e d  a f i e l e s  were s e p a r a t e d  f r o m  

s e p a r a ~ s C  frcm - s12. Since I n  a l l  c r o s s e s  t h e  p a r e n t  



T a b l e  2. 

~ e c o m b i n a t i o n  d a t a  b e t w s e n  the v a r i o u s  - 
a l l e l e s  o f  the u n c - 2 2  qsns. 

9 

Allele - p z i r s  tested* F r e q u e n c y  o f  u n c - 2 2 +  Map d i s t a n c e e  L/B** 
(in map u n i t s )  - - 

5 / 7 4 , 0 0 0  ' 1 . 4  x 10-2  s8 sly 
1 / 5 8 , 0 0 0  3 .4  x- 10-3 3 a 
2 /52  , O  0 0  7 .7  x 1 0 - 3  as3 s L 8  
8 / 7 0 , 0 0 0  2 . 3  x 10-2 s 8  e- 
4 / 2 3 5 , 0 0 0  3 . 4  x 10-3 s18 s 1 2  
0 / 2 2 4 , 0 0 0  . - - 
5 / 2 5 2 , 0 0 0  4 . 0  x 10-3 s14 @ 
1 / 2 6 2 , 0 0 0  7 .6  x 10-4 s 1 6  & - 
1 / 4 8 , 0 0 0  *** 8 . 3  x 10 -3  &2 
8 /22  1 , 0 0 0  7 .2  x 10-3 & a - 

- 8 / 2 2 4 , 0 0 0  .. 7 . 1  x 10-3 s 3 6  s12 
2 / 1 9 0 , 0 0 0  2 . 1  x I&-3 @ s36 
2 /20  ,OOO**** 1 . 0  x 10-2 s16 066  - 
7 / 1 8 4 , 0 0 0  7 .6  x 1 0 - 3  s 3 5  s 1 2  
6 / 1 6 8 , 0 0 0  7 . 1  x 10-3 s3 - SK 
2 / 2 1 2 , 0 0 0  1 .  x 0  s18 s32 

. 1 / 1 5 8 , 0 0 0  1 . 3  x 10-3  ~ 1 8  ~ 1 4  
0 / 1 6 2 , 0 0 0  - - 
7 /178 ,000  7 . 3  x 10-3  s 3 4  s a  
4 / 1 2 6 , 0 0 0  6 . 4  x 10-3 s 8  s 3 4  - 
6 / 1 6 0 ,  0 0 0  7 . 5  x 10-3 .s55 a 2  
2 / 1 3 2 , 0 0 0 '  3 . 0  x 10-3  s8 s 5 5  - - 

map ^ d i s t a n c e  (d )  = 2  ( a n c - 2 2 +  recomb in an?^) x 100  . 
t o t  a 1  of  f s p r i n q  

-. 
* f l u t a t i o n  a t  l e f t  was i n  triple; unc-5 ,unc-22 ,d-py-4  
**L=lef t , ~ = r i q h %  
***gecause  - m52 i s  a d o m i n a n t  m u t a t i o n  t he  n u m b e r  of  r e c o m b i n a n t s  

i s  q u a d r b p l e d ,  no t  d o u b l e d .  
****In t h i s  exper iment  a l l  20 ,0b0  worms wore c o u n t e d  i n d i v i d u a l l y .  



h e r m a p h r o d i t e s  were h e t e r o z y g o u s  f o r  the f l a n k i n q  - 

outside m a r k e r s ,  ths l e f t / r i g h - L  p o s i t i o n  f o r  a n y  two 

:wltcher a l l e l e s  'kc' s x h i b i t s d  r e c o m b i n a t i o n  c o u l d  b e  

d e t s r r n i n ~ d .  T h a t  i s ,  i n  t h e  g e n o t y p e  +.uric-22 ( s y )  ,* / 

unc-5  ( e l 5 2 )  , u n c - 2 2  (sx) , dpy-4  (31 166) ,  i f  iy wol-2 t c  th.e 

i e f t  af z, t h ~ n  the r s c o m b i n a n t  c h r o m o s c m e s  s c o r e d  9 

wore d e t ~ c C s 8  a s  ei ' .her w i l d - t y p e  o r  u r c - 5  worms. I f  SJ 

were t o  r,he ri'gh: o f  z, t h a n  rhe r e c o m b i n a  t \(I - 

c h r c k s c m e s  a p p n a r e d  a s  e i t h o r  w i l d - $  y p e  o r  &-4 . * 
wcrrns. To d e t e r m i n e  r h e  genoyype of  t h e  r e c o m b i n a n t  

c h r o m o s o m e s ,  a n d  t o  irsuie t h a t  we were o b s e r v i c q  

r e c o m b i n a n t s ,  a l l  e x c s p t i m a l  k n d i v i d u a l s  w e r ~  p r o q e n y  
51 

tested. 

%E Z € ' S U ~ C . S  of t h2  p r s q e n y  rests s h o w e d  that of  

the 1 0 4  p u t a t i v e  r e c o m b i n a n z s  r e c o v e r e d ,  t w o  were 

s t e r i l s ,  87  s s g r ? g a ~ e d  t h e  markers i n  a m a n n e r  z h a t  was 
- 

c o m p a t i b l e  w i t h -  c h r o m a ' i d  e x c h a n g s  and  15 were 

r ~ c o v e r e d  ~ i t h e r  w i t h  ro f l a n k i n g  m a r k e r ,  b o t h  f l a n k i n g  . 
m a z k e r s  o r  wiLh a n  u n u s u a l  f l a n k i n g  marker (Tab le  3 ) .  

O P ~ ) I  the 87 c o n f i r m e d  r e c o m b i n a n t s  were u s e d  T O  

a e t e r z i i n e  che map d i s t a ~ c e s  i n  Tab l e  2.  T h e  1 4  

e x c e p t i c n a l  i n d i v i d u a l s  w h i c h  h a d  l o s t  o r  c a r r i s d  

u n u s u s l  f l a n k l r - g  m a r k e r s  c o u l d  h a v e  r e s u l t e d  f rom 

ou-slde m e t k s r  e x c h a ~ g ~  o r  gene  c o r i v e r s i o n .  T ~ E  d a t e  



Tab12 3 .  - - -  - - -  - 
Prcqery t a s%i ,oq  of putativs r e c o m b i r a n t s ,  ' -  

A l l e l e  ~ a i r  T o t a l  vn t -a t  i v e  3eco Sterile** O u t s i d e  marker 
~ e s t e d  * r e c o m b i n a n t s  p h a c o t y p e  seqreqatee 

2 ~ P Y  
3 wild 
4 d p y  
1 w i l d  
1 wild 

. 2 wLld 
3 ~ P Y  , 

. 5 w i l d  
6 v i l d  

3 U 3 C  

4 wild 
1 u n c  
1 w i l d  

1 n o n e  
4 u n c  " - 
3 noce - 

uric 

1 u n c  
6 CPY : 
3 w i l d  

unc 
8 ~ P Y  
1' UEC 

5 u n c  
6 wild 
2 ~ P Y  
2 u n c  
1 w i l d  
5 w i l d  
3 unc 
1 dpy-unc '  
4 ~ P Y  . 
4 wLld 
1 ~ P Y  
1 w i l d  
3 unc 
4 v i l d  
2 3 p y - n n c  
2 d p y  
2 w l l d  

- 

4 unc 
2 w i l d  -s 

' t *Y 
1 vild 

8 unc 
3 cone 
2 ~ P Y  
2 unc 
1 none 
7 unc  
2 none 
1 d p y - ~ n c  
6 ~ P Y -  
2 ncns 

~ P Y  

7 u n c  
2 d p y - u n c  

+ 

*!•÷utet:ss OL I s f t  was LL :he t r i p l e  su'ant unc -5 ,  unc -22 ,  spy*. 
\ 

**S%er ile recoabiqaxt  s 3 ~ 4  o a ' a ~ i v e  convertants v G r e  not 
i 2 z l u d e 9  in t h e  calcalst l c z  3f a3p d i s t a n c e s .  

-- 



ic f u n g 3 1  s p e c i ~ ~ s  fMitc5el1, 1355; Foge l  a n d  flortimer, 
/ >  r.. + - 

1 3 6 3 )  , as wall as in D, aelanoqaster  (Smith e+, al., 

-b . . 
l37O), WE u u l d  sxp~c: I-, t o  occur  i n  C. eleqans a s  

p a r ~ n - , e l  f l a c k i n g  m z r k ~ r s  was nigher thzn expec,',ed from 4 

eouble ,crossov~= Events, The flanking markers  unc-5  and 

\ dpg-4  are b o t h  bou: five map u n i i s  from unc-22. I 

e x r ~ ~ c - e ? ,  :herefor?,  cne in 40  of  t h e  r e c o m b i o a c ~ s  t o  

r o a r k o r s  w e r ~  o b s e r v s d  ( 1 5 % )  . This strongly suggests  . 
-L ,,,z: :h€se  s x c ~ ~ t i o c a l  i n d i v i d u a l s  were conversior! 

prcduc-s (see T ~ b l s  ,4) . 

t h e  From this i n f o r m a t i o n  

(f Fuure 3 )  . Oz %is sap :he a l l e l e s  that h a v e  been 

I s  I z c l u c e a  ebove - , E l  1 F ~ e  becausa. it is c i o s e l y  linked 
9 

r *4s. 



PutafLve  - c o z v e r s i o n  rates per u n c - 2 2  a l l e l e .  

A l l e l e  TCJ-61 F roqEnp  P u t a t i v e  c/o* c o n v e r s i c n s  conv2 r s ion  

C 
r ~ c o a b l a a o t s  a l l e l e  o t h e r  rate 

d 
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4 

Occurrence of putative F1 recombinants. . . 

-. 
Allele pair Prcqepy  + i n  Putative . c/o \.. 

tested***  - F 2  e r e c ~ m b i n a n t s  - 

convertants F3. evea-ts 

no. typs - 

2 c o n v  

* c/o = Crossover 
* . ** c o n v  = cocver taRt  

in t h e  t r i p l e  Allele l i s t e d  st l e f t  mutant 



. .- 

s32 whers 2 1 2 , 0 0 0  p r o g e n y  wace s c r e q n e d ,  two - 
- ,  

z e c o m b i n a n t s  w e r s - f o u n d ,  b o r h  of w h i c h  a p p e a r e d  + o  

1 a r i s e  a s  F 1  e v e n t s .  T h e s e  l a s t  two o b s e r v a t i o n s  make i t  - 

, 

i m p o s  k F b l e  tc' consider these c l o n e s  o f  n o n - t w i t c h e r s  a s  
I * .= ' - - 

-- 8 t h e  r e s u l t  o f  c r o s s c v e ? .  'e@&nts t h a t  o c c u r r e d  ir? ths 
L * I -  

- p r e v l c u s -  g e n e r a t l o n .  = 

* - - - 
- ,  " d 

L 

On some o f  t h e  p l a t e s  s h o w i n q  a number  of 
- -- . 

r m - m i t l c h ~ r s  ch.a e x c e p t i o n a l s  were c o u n t e d .  As - s t a t e d  

e a r l i e r ,  o n  t h e  ~ s l 8 / s l 4  p l a t e  t h e r e  'were 51 

n o n - ~ w i t c h e r  p r o g e n y .  One o f  t h e  s18/s32 p l a t e s  h a d  36 

n o n - t w i t c h e r s ,  w h i l e  a n  s 1 2 / s 3 4  plate h a d  13 

n o n - r w i x h e r s  a n d  an  s 1 2 / s 5 5  p l a t e  h a d  o n l y  4 

 or-twitchers. An P I  r e c o m b i n a n t  would g i v e  f a r  more 

. . ?  + h a n  4 n o n - t w i t c h e r s .  I h r s e  o r  f o u r  p o s s i b l e  
*- 

-- 

e x p l a n a ~ i o n s  f o r  t h i s  phenomenon e x i s t  a n d  w i l l  b e  
4 - 

axemined i n  t h e  G e n , e r a l  D i s c u s s i o n .  
A 

,- 

Pg 

(iii) The size of t h e  unc-22  g e n e :  An e a r l i e r  . c. 

estimate of the u n c - 2 2  g e n e  size was 2:'4 x 10-2 map 

a units. (Eos rman  and B a i l l i e ,  1 9 7 9 1 .  T h i s  was based  an 

' :he Cis?ance b e t w e e n  t h e  o u t e r m o s t  a l l a l e s ,  &6 a n d  

4 6 6 ,  a n d  w a s  d e t e r m i n e d  b y  a d d i n g  t h e  d i s t a n c e  from s16 
- 

. - &  - 
t o  to t h e  d i s ' a r ice  f rom & t o  666. Howe-ver, a n  

e x a a i n a r i o n  of T a b l e  6 ' s u g g e s t s  t h a t  t h i s  is a n  
- .  



~ a b l o  6. s - - - 

R e c o r n b i n s t i o n  s i z e  of the unc-22 l o c u s .  - 
r - 

~ l l g l e s  ' summed A d d i t L v e  t o t a l  No, of c.1. 

( i n  map u n i t s )  c/o ** 

8 .  - 
> . . - -[7- 17) - 

Aver aqe d i s t  arc@ 1.5 x 70-2 

D A v e r a g e  d i s t a n c e  excluding 
& 

- s16 ...'sJ .... ..,,.666 1.4 x 10-2. 

* c.L-. = con•’ kdence llmit s.' ** C/O = c r o s s o v e r s .  

-+** Is! ' t h i s  experiment a l l  progeny were i n d i v i d u a l l y  tested. 

- 



-. , . - w?&- 
c v e r e s t l m a ~ e  o f  t h e  s i z e  of t h e  l o c u s  w h i c h  is p r o b a b l y  

d u e  t o  t h e  a n c m a l o u s l y  h i q h  r e c o m b i n a t i o n  rate o b s e r v e d  

berwen a n d  € 6 6 .  This c a n  b'e s e e n  when o n e  comFares 

t h e  s 8 - s l ?  d i s t a n c e  t o  t h e  s 8 - e 6 6  d i s t a n c e .  T h e r e  is 
% 

a l m o s t  t w o - f o l d  d i f f e r e n c e ,  y e t  s 1 2  a n d  _e66 c a n n c t  b e  

- = * 

timate o f  t h e  a c t u a l .  g ene  s i z e  is  1 - 2  
% 

b e t w e e n  t h e  
*, - 

d i s t a n c e  from 

s 1 6  t o  @ - a n d  c o u c t s  a l l  the p r o g e n y  i n d i v i d u a l l y ,  a n d  - 
when c n e  u s e s  t h e  e s t i m a t i o n  p r o c s d u r e  f o r  t o t a l  

p r o q o n y .  T h e  f a c t  t h a t  1.0 x  10-2 map u n i t s  i s  i n  trl' 

-clcser a g r e e m e n t  w i t h  t h e  o t h e r  d i s t a n c e s  l i s t e d  i n  

T a b l e  6 t h a n  i s  2 . 4  x 10-2 map u n i ~ s  may b s  

m i s l e a d i c g  b e c a u s e  t h e  c o n f i d e n c e  limits o n  a l i  t h e s e  

valucs z i l o w s  f o r  o v e r l a p  (see  t h e  . f i n a l  c c l u m n  o f  

T a b 1 5  6 ) .  No c o n v i ? c i n g  e v i d e n c e  o f  map e x p a n s i o n  wh ich  
/ 

i s  so c h a r a c t e r i s t i c  o f  f u n g a l  fine s t r u c t u r e  m a p p i n g  

s t u d i s s  ( ' ~ a s t i n ~ s ,  1375  f o r  a r e v i e w )  h a s .  b e e n  'found. 

_A 



11: D E ~  ic iencies ,  fecessive l e t h a l ,  s - L + r l l e  a n d  

v i s i b l e  m u t a t i c n s  i n  t h e  u n c - 2 2  resF-on. 

(i) L e t h a l  a n d  s t e r i l e  m u t a t i o n s :  R s c e s S i v e  l e t h a l  

a c d  s t e r i l e -  muta:ions were i s o l a t e d  a s  d e s c r i b e 3  i n  
\ _I 

Materials sad gezhods  a c d  i l l u s t r a t e d  i n  F i g u r e  2. Of 
- 

3 0 3 4  I n d 2 v i d u a l s  s c r e e n e d ,  4 3  wsre f o u n d  t o  h a v e  l e t h a l  

- .-a 
o r  sterile m u t a t i o n s  i n  t h e  unc -22  r e g i s n .  T h r e e  o f  

L,hGss m u t a t i o n s  were f o u n d  t o  bs t e m p e r a t u r e  s e n s i t i v e  

( L h i s  h a s  been  c o n • ’  i r m e d  b y  Mr. K .  R e i k k i )  . A l l  

mutarions were i n d u c e d  ? i t h e r .  w i t h  0.05M EPS o r  w i t h  
. . - .  . 
0.02511 E N S .  A l t h o u g h  Q..05M EMS a p p e a r s  t o  g i v e  a  

h i q h e r  m u t a ~ i o x !  r 3 t e  p e r  c h r o m o s ~ m e ,  ?he  d i f f e r e n c e  i s  

n o t  s t , a t - i s t i c a , l l y  s i g n l f  i c a n t  (Tab19 7)  . The f o r w a r ' d  

m u t a 5 i o ~  r a t e  for the i n d u c t i o n  o5 l e ' r h a l s  i n  t h i s  

z e g i o n  u s i n g  0.025M EMS "was a p p r o x i m h t s l y  1.5%. T h i s  , 

r e g i o n  r E p r s s s n t s  a b o u t  1% o f  the ggenet ic  map cf t h e  

8 

O f  the o r i g i n a  1 eight m u t a t i o n s  i s o l a t e d  w i t h  

-f 
' 0 ; 0 5 ? l  EMS,  six h a v e  h a d  a l l  p a i r - v i s e  c o m p l e m e n t a t i o n  

Q> 

tee-s done. T h e s e  a r e  l e t - 5  1  ( s41 )  , l e t - 5 2  (~421, 

1 
- isr-53 ( ~ 4 3 1 ,  l e t - 5 4  (s4Q) , l e r - 5 5  ( ~ 4 5 1  and l e t - 5 6  ( ~ 4 6 1  . 
B . . A s  well, l e t - 5 1  ( s 4 1 )  and a 0.025M ENS i n d u c e d  l e t h a l , '  

, l e t _ - 5 9 ( s 4 9 ) ,  c o m p l g m e n t .  A l l  s e v e z  of " , h e s e . m u t a t l c n s  



' Table 7. 

Screec f o r  unc- 2 2  Y i n k e d  l e t h a l '  a n d  'sterile mutations. 
I .  

g , .  
5 

EHS ccccentra+-ion Tota 1 p r o g e n y  L e t h a l s  95% - 
screened conf idence 

- 
*3 of these a r e  t s m ~ o r a ? u r e  s e n s i - i v e .  _ \ 
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lethal on lef t  

l e t  unc-22 
Po - 
F1 look for twitchers) 

let unc-22 - 

l e t  unc-22 

JE- segregates ' uric- 5 ,  mc-22 

lethal  on right 

le t  
unc-22 

( look for twitchers) 

F2 unc-22 let- - 

++ segregates dpyl-4, uric-22 

F i g q e  4. qethod of positioning the lethal 
- " mutation sites relative to the 

unc-22 site. 



- P h e n o t y p e  o f  progeny D i s t a n c e  

wild-type - twitcher {in map u n i t s )  

J e t - 5 5  (s45) , u n c - 2 2  (s7) /+ + 3 8 6 1  

l e t -  52 ( ~ 4 2 )  , unc-22 ( s7 )  /+ + 45 12' 

, 
* With this pailr  I alsc se: up  10 p l a t e s  w i t h  1 wcrm p e r  p l a t e  and 

l e f t  "_hem tlll -the F2  g e n ~ r a " _ F o n .  Two crossovers vere  found. I f  one 

usos the formula, r o c o a b i c s t i o ~  = '2 x c / o  / 2 1 3  t o t a l  p r o g e n y  a n d  

assumes 2,500 wcrms per p l z ? ? ,  t h e n  the map d i s t a n c e  k e t u e s n  l e t - 5 2  
- 

ar.d u ~ c - 2 2  i s  a p p r o x i m a t t l ~  O A 3  map uai%s, 
- 

4 

**. cumber cf total p r o g e r y  d e t e r m i n e d  as  ir, a b o v e .  - ,, 



le
t - 

55
 

M
ap

 
o

f 
u

n
c-

22
 

re
g

io
n

 s
h

ow
in

g 
th

e 
-
 

t 
p

o
si

b
io

n
 o

f 
th

e 
le

th
a

l 
m

u
ta

ti
o

n
s.

 
1 

m
ap

 u
n

it
 

Fi
gu

re
 
5.
 



t o  specific r e g i o n s ,  a n d  c o n f i r m  l e t h a l  Hiap ~ o s i t i c n s  

i--hzt were based  or! d i s t a n c e s  from t h e  unc -22  s i ts .  To 

qecefaze t h e  d ~ f i c i e n c t e s  f o r m a l d e h y d e  was u s e d  
. , q .  ob 

fo l low2ng t h e  ~ r o r o c o l  d e s c r i b e d  i n  M a t e r i a l s  a n d  ' 
v : 

~ e t h o d s .  A l t h c n g h  ' X - r a y s  c a s  c a u s e  d e f i c i e n c i e s  ic t h s  

n p m a t o d e  (MeneelyA aka Herman, 1 3 7 3 ) ;  n o t e  was  taken of 

the e a r l y  r e s u l t s  cf ~ l i z y n s k a  ( 1 3 5 7 )  a n d  t h e  m o r e  

r e c e n t  f i n d i n g s  of 0 'Donr~ 's l l  o? al. ( 1 3 7 7 )  
-2 

d e ~ c 3 s r r a t i n g  f o r m a l d e h g i h  i n d u c e d  d e f i c i e n c i e s  i n  
r-. 

s 

m e l a r o g a s t ~ r .  These observations l e d  me t o  e x a m i n e  i ts  
* 

r n u - , a g ~ r , i c  effects ir! C ,  e l e q a n s  a-nd I f o u n d  .it c a p a b l e  

cf F n d u c i c g  b o t h  point m u t z t i o n s  a n d  d e f i c i e n c i e s  i n  

Th,rfe c o n c e n ' _ r a t i c n s  o f  f , o r m a l d e h y d e  were tes ted:  

c a m e l y  1 A ,  0 .1% an3 0'. 01%. b u t  m u t a t i o n s  were found - 

w i t h  only 0.1%. The high'doso of 1% k i l l e d  the worms. 

OC e x a m i ~ i r g  worms p l a t f d  from t h i s  c o n c e n t r a t i c n  cn ly  

a few larvae were alive a f t s r  2' d a y s ,  ~ o s ' s i b l y  these 

were pio:ec:%d a s  eithsr d a u e r  l a r v a e  or s g g s .  W i t h  
- - 

0 , O t B  L O  muta tFons  were i d e n t i f i e d  i n  a p p r o x i m a t ~ l y  6 x 

10' testei P I  chramosomes, m r  were a n y  visible . 

~urations c b s e r v e d  in -he  F 2  g a n e r a t i c n  a f te r  s s t t i n q  

up 6 2 5  F1 worms. 



- -  - - - 
4 

- - - -i-- - - 

-- - - - 
,- 

1 

- --- - - -  

U s i r i q  0.1 W f o r m a l d e h y d e  a p p r o x i m a t e l y  2 7 0 , 0 0 0  F1 

c h r o m c s o m e s  were examFned (Table 3) an"d S'even , m u t a t i o n s  
L 

were o b t a i n ~ d ,  T h 5 s e  w2re s e p a r a t a d  i n t o  two  g r o u p s ;  

o n e  g r o u p  s z g r e g a t l c g  h c ~ ~ o z y g o u s  t w i t c h e r s  .(uric-22) , 1 
- 4  

the o t h e r  g r o u p  g i v i n g  p r o g e n y  t h a t  a p p e a r e d  w i l d - t y p e  

and p r o g a y  tha+ t w i t c h e d  i n  1% n i c o t i n e .  T h e  groap ef - 

f o r m a l d e h y d a  i n d u c e d  unc-22 m u t a t i o n s ,  s 3 4 ,  s35, s36 - 
a n d  a, were a l l  p h e n o t y p i c a l l y  i n d i s t i n g u i s h a b l e  f r o m  - 

- 

EUS I r t d u c e d  uric-22 m u t a t i o n s  (see R e s u l t s  I a ~ l d  111 f o r  

f u r t h e r  c h a r a c t e r i z a t i c n  of t h e s e  m u t a t i o n s )  . It was 

the s e c o c d  g r o u p  that c o n t a i n e d  p o s s i b l e  d e f i c i e n c i e s  

i n  'he unc -22  region. P i t h  0 . 0 1 %  f o r m a l d e h y d e  2 2 5  o f  

:he P I  worms were p l a c e d  o n  p l a t e s '  a n d  their p r o g e n y  

wore exair t ixed f c r  a n y  t y p e  of v i s i b l e  m u t a t i o n .  Three 

uncoordinated wrms were f o u n d  o n  s e p a r a t e  p l a t e s .  

T h e s e  m u t a t i o n s  were n c t  mapped.  

The c h a r a c t e r i z a t i o n  of t h e  d e f i c i e n c i e s  i s  stil l  

i~ p r o g r e s s .  O f  t h e  three, s D f l  ard s D f 2 ,  were 
1 

c o n f i r m e d  a s  d e f i c i e n c i e s  i n  t h e  unc-22 r e g i o c .  The 
- - - - - - - - - - - - - - - 

otEer p u t a t z v e  6@fiE-ency, sDf 3 , g a v e  p u z z l l n g  r e s u l t s  

I also f o u ~ d  a s p o n t a n e o u s  t w i t c h e r  m u t a t i o n  i n  this 
C 



F o r m e l d o h y d e  m u t a q e n e s i s  ic the unc-22 r e g i o n .  

T y p s  of ~ormaldehyde  chromosomes number cf f r e s u e n c y  

dlsordey  c p n c e n 5 r a t i o n  t e s t e d  i s o l a t e 5  l 

'Y 
r 

unc-22 0.1% 135,000 - Q 3 x 10-5 

,f 

C 

2 

* one of t h e s e  may bp some o t h e r  typs of r e a r r a n g e m e n t .  
d 

4 



stock cmtains no-ra than a 

- + 
1 

L 

/ 

~ e f i c i c l 9 e i e s '  s ~ f l  and sOf2 h a v e  b e e n  e x a m i n e d  i n  

some d e t a i l .  B c t h  a p p e a r  t o  b e  1-2 map-units i n  l e n g t h ,  

a n d  b o t h  u n c c v e r  ucc-2 2. b u t  d o  no-t '  e x p o s e  dpy-4 18 1 166) -"-- 

- - I .  
2 

- . - - , + 6 n t s b  g e n e  on t h s - l i n k a g e  g r o u p .  T h e  t uo . - 

d e f i c i e n c i e s  c v e r l a p  b g  a t  l eas t  0 . 5  map u n i t s  a n d  

, a r s c i p r o c a l  crosses p r o d u c e  e g g s  that f a i l  t o  h a t c h .  
- C  . 

~ e f f c i e n c y  sDf 1 a p p e a r s  t o  be l a r g e r  t h a n  d e f i c i e n c y  ," 

- - 
' s D f 2 .  Worms w i t h  t h i s  d e f i c i a n c y  a l s o  grow more s l c w l y  

a n d  - g i v e  fewcy progeny ( T a b l e  1 0 ) .  R e s u l t s  of t h e  

' i n i t i a l  c o m p l e m e n t a t i o n  t e s t s  on t h e s e  d e f i c i e n c i e s  a r e  

s K o u n  in T a b l e  11. A l l  uncovered genes are l e t h a l  o r  

sterile except unc- 22. The d e f  i c i e n c i ? ~  h a v e  b e e n  
- - 

i n F t i a l l y  c o m p l e m e n t e d  w i t h  unc -22 ,  dpy-4  a n d  e i q h t  of 
6 

-,he n i n e  ( e x c l u d 5 n g  let-60) l e t h a l  s i t e s  TO 

c h a r a c t e r i z e  their e x t e n ? .  A s  c a n  be  s e e n  from Figure 5 
e - -  - .  

t h e  r i g h t  b o u n d a r y  h a s  n o t  b e e n  d e t e r m i n e d  f o r  e i t h e r  

d e f i c i e n c y .  T h e  l e f t  b c u n d a r y  is better d e f i n e d  a n d - -  

i l l u s t r a t e s  one of t h e  i m p o r t a n t  u s e s  o f  d e f i c i e n c i e s .  
n . . 

- - - 

G, s D f 1  e n d s  b ~ t v e e n  gnc-22 a n d  l e t - 5 6  w h i c h  are t i g h f l g .  
,4 

l i r k e d ,  a n d  s ~ f 2  b ; e a k s  b e t w e e n  l e h - 5  1 a n d  l e t - 5 9  w e c h  

map the same d i s t a n c e  from unc-22 ,  0 .4  map u n i t s .  Th=e 

d e f i c l ~ n c i e s ,   therefor^, a l l ow  f o r  t h e  p o s i t i o n i n g  of 
A 



Fecundity of fcrmaldehyde induced deflciencie~. 
* 

"NO - h a t c h a b i l i t y  'Number ui%h 

deficiency 



' j  ~ o m o l e r n e n t a t i n n  +ests"of d e f i c i e n c i e s ;  
- A 

sDf 1- an'd' sDf 2, ~ 5 t h -  var ious  q e n s s  

in 'hs u n c - 2 2  r e g i o n .  * -. 

reqion test~d' ** . . - .- 2 - 

. -  v- - - 
* + = complemcct; - = fsil ko  complement. 

3 

* ** A l l  gems 5ested were the male stock. ,- 

*** B f i  fsthal muClaC_io~?s w5re k e ~ t  in a stock l l n k s d  t o  unc-22 ( 5 7 ) .  
t 

- 
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T a b l e  12. 

- a C h a r a c t e r i z a t i o n  of-  l e t h a l  a n d  s t s i  lq 

- - - - r n ~ t a t ~ i o n s  i s o l a t e d  i n  the unc-22 redon.  - - .. 
% - 

H n t a t i o n  l e n g t h  Larval b l o c k a q e  , 
a- Comments 

, ($2&&!! 1 s t a q e  . - 
' .  

m - -  e g g  
s42 * - 0.28 L- 1 , - 
SS , 0.80 L-4 
&!L 0.30 L-1 t o  L-2 blocks i n  t h e -  moul t  
sirs - - 0.32 " L - 1  or-L'-2 
s46 - 0.78 L- 4  
s47 - 0.98 a d u l t  s t e r i l e  

s5 1 0 , 5 6  L-3 
s 3  0 .76  L-4 
~ 5 3  0828 , L-1 t o  Lo2 
& - Late l a r v a l  
a 7  - L a t e - l a r v a l  
sfia 0.60 L - 3  
s 5 9  - . 0'844 L- 2 

b l o c k s  i n  t h e  a o n l t  
t e m p e r a t u r e  s e n s i t i v e  
t e m p e r a t u r e  s e n s i t i v e  
f a i l s  t o  complement 
f a i l s  t o  complement sDf2 
a n d  sDf1  , 

sterile a n d  
co mplements s ~ f - 2 :  *- - 
complements  oDf 1 
complements  sDfl and sDf 2 
m o d i f i e s  t w i t c h  and  
f a i l s  t o  com~lement 
t e m p e r a t u r e  s e n s i ' t i v e  
co rpTements -  sDf 2 
f a i l s  *to complement sDf 2  
fails t o  c o n p i e l e n t  sDf2  
f a i l s  t o  complement s D f 2  



T a b l e  12 c s n t i n ~ d .  

* . s 1 7 ~  (15-1605)  0 .57  L-3 
s 17 1 (89-228)  - a d u l t  

\ 
s 1 7 2 ( 9 4 - 2 6 7 )  smal l  - L- 1  
s lU73(1O-159Q 0 . 5 8  ' - L- 3 
~ 1 7 4  ( 5 7 - 7 9 )  - 0 ~ 6 0  

-%- 
- .  L - 3  

6 

s 1 7 6  . s m a l l  L- 1 
s 1 7 7  s m a l l  . > L-1 
s 2 1 2  - eqg? 
s213 - - e g g b r  L - 1  

s 2 1 4  1 . 0 0  a d u l t  
s 2 1 5  0 .26  L- 1 
s 2 1 6  0 . 9 8  , a d u l t  
33-1725 0 . 4 8  L-2 o r  'L-3 
24-77 , 0 . 4 0  L- 2 
'41-+805 C. 8 0  L-4 t o  a d u l ~  
27-359  
r 

0 . 7 0  ' L- 4 
7 3-85 3 1 . 1 0  a d u l t  - 

f a i l s  t o  c c m g l e m e n t  s D f 2  
s ter i ls  but ' l e a k y '  
fails t o  c o m p l e m e n t  s D f 2  

P f a i l s  t o  c o m p l e m e n t  s D f 2  
- + f a i l s  t o  c c l r p l e m e n t  s D f 2  
2- 

-. 
~ p m p l e - m e n t s  s ~ f l  a n d  
f a i l s  5 0  c c e ~ l e m e n t  sDf2 

* l e t h a l  l a r v a e  a r e  -L d a r k  
r o u l t i p l e ~ ~ r l ~ o c f t a ~ ' " f ~ l s  - 
t o ~ c o m p l e m e n t  s d f 2 -  b u t  
c o m p l e m s n t  s s D f  1 

. 
f a i l s  t o  c a m p l e m e n t  s D f 2  

A f a i l s  t o  c o ~ p l e m e n t  s D f Z  - 
n o  t w i t c h e r  l a r v a e  seen . 
fio t w i t c h e r  l a r v a e  s e e n  
c o m p l e m e n t s  s ~ f 2 '  
s t e r i l e  

' c o m p l e m e n t s  - sDf 2  
s t e r i l e  

c o m p l e m s n t  E s D f  1 
c o m p l e r n ~ r ? t s  . s D f l  a n d  s_Df2 

+ 

s te r i le ,  f a i l s  t o  > A  

- c o m p l e m e n t  s D f 2  
s Y e r f 3 . s  
n o  unE-22 l a r v a e  qeen . 

* The L u m b e r s  wttkou ' ,  a n  ' s t  iz~ f r o n t  of t h e m  a r e _ i s o l a t i c n  
m ,  I n  +_he t e x t  some of the m u t a t i o n s  a r e  rsferred t c  
by t P e i r  i s o l a t l c o  n u m b ~ r  a,s well a s  their * s ' . n u m b e r .  - 
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T a b l e  13. 

F o r w a r d  m u r a t i c n  r a t e  at the u n c - 2 2  l o c u s ,  

EHS " - Type  of Total t e s t e d  ~ w i t c h e r  E s t i r n a t ~ d  

canc&.trati,i or, screen mutat ion  r a t s  . - 

Sup- 5 (e 1 06 4) 



' (iii) C h a r a c t e r i z a t i o n  o f  t h e  l e t h a l  a n d  sterile 

m u t a t i o c s :  T h e  e f f e c t i v e  l e t h a l  p h a s e  f o r  e a c h  m u t a t i o n  
3 

_is l l s t ~ d  i n  T a b l e  12 .and shown  i n  F i g u r e  6. T h i s  l i s t  
a 

i n c l u d e s  on2 c o n f i r m e d  e m b r y o n i c  l e t h a l i ' e i g h t  f i r s t  q . .  

l a r v s i  s r a g e  l s t h a l s  ( L - 1 ) ,  t w o  l e t h a l s  t h a t  b l o c k  i n  , 

- e 

P 

. the moult frcm the L-l '  t o  t h e  next l a r v a l  s t a g s ,  tvo  
- -  - 

l e t h z l s  that b l a c k '  i n  s e c o n d  s t a g e  l a r v a e  ( L - 2 ) ,  e i g h i  
L. ' l o + h a l s  %ha'-, b l o c k  i n  t h i r d  s t age  l a r v a e  (L-3)  , seven 

l e t h a l s  tha-5 b l o c k  i n  f o u r t h  s t a g e  l a r v a e  (L-4 ) ,  s e v e n  
1 

, sterile a d u l t s  a n d  oEe l o t h a l  t h a t  d o e s  n o t  h a v e  a  - -. 

f i x e d  s t a g e  of b l o c k i n g .  A s  well, = h e r s  a r e . f o u r  o t h e r  

p o s s i b l e  e m b r y o n i c  l e t h a l s ,  two l a t h a l s  t h a t  h a v e  n o t  

beer, c o n f i a d  a s  either L-1  o r  L-2 a t .  t h e i r  t i m e ,  o f  , 

b l o c k a g e ,  c n e  l e t h a l  t h a t  c o u l d  b e  e i t h e r  an L-.2 o r  a n  
-+-- 

L-3 b l o c k e r w a n d  o n e  m u t a t i o n  t h a t  h a s  n o t  b e e n  - 4 

c o n f i r m s d  a s  eitksr a n  t - 4  b l o c k e r  o r  a s'er5le a d u l t .  
19 - 

One m u t a t i o n ,  28-333  h a s  n o t  had  i t s  time of 
, 

v 
d e v e l o p m e n t a l  a r r e s t  d e t e r m i n e d .  The e f f e c r i v e  l e t h a l  

p h a s e  c f  t h e  three LS 1 5 - h a l s  h a s  been  d e t e r m i n e d ,  w i t h  

oce b k o c k i n q  i n  t h e  e g g  a n d  t h e  o t h e r  twc b l o c k i n g  i n  a - * 

l a t ~  . l i r v a l  stage ( B E  K. R e i k k i ,  personal ' A:- 

.z 

Only rwo of  :he m u t a t i o n s  weze examined w i t h  .. # 7 3  

Nomanski-' o ~ t i c s .  T h e  c c n f i ' r m e d  e m b r y c n i c  l e t h a l ,  m, 



A adult 

Age [ i n  hours)  

Figure  6 .  Growth curve of N-2-S v s  unc-22 ( s 7 )  - 
and d i s t r i b u t i o n  of developmental  lethal 
a& steri.1-e mutations. . . < - 

N-2-S growth curve is  solid l i n e .  
unc-22 (s7)  growth curve  is  d o t t e d  l i n e .  
B l o c k h g  time of l e t h a l  mu ta t ions  is - 
indicated by stars. The figure does not 
include s 4 8 ,  s54, s5F, s175 or  28-339. ---- - 



TC block 51: a l a 5 e  e m b r y o n i c  staqe. One of 
e 

: h ~  adult sterile rau?at_iops, S'L)7, was -examined. Its 

C - 
C O C ~ Z E S  a p p e a r e d  m o r p h c l o g i c a l i y  normal,  but they were 

, f e r t - i l i z e d  a d  no zygotes were seen. T-o examine t-he 

w s s i b i 2 t y  t h 3 t  -_his wzs a f e r t i l i z a t i o n  d s f e c t i v e  
* 

11: is presumed,  ther~fcre, t h a t  t h e  p r o b l e m  i s  *in 

- - - * 

f 
i 

t . fArnoog +hs L - 1  lethals, many of the l e y h a l s  blcck 

\ 
5- vSry  e a r l y  L-1 j o s r  a f t e r  hatching. Lec-59 (s49) does 

2 Y 

zot 4 v s r  s z r a i g h L ~ n  o u t  a f t e r  h a r c h i n q b u t  lies i n  a 
i 

cur l ;  TUG of t h e  L- 1 blcckers  :ha%-cqn move a r e  s42 and 

s1€3,  Ths l e t - 5 2  gELe is impo se i ts map - 
, . 

p+as~~:or i  indicates t h a t  i-, .is n? gene t o  t h e  

I c b i c a  red t h a t  w D r m s  were ~cnlting. Hcwever, none 

cf 7i.s worms procoeded a n y  f u r t h e r  in development than 



%his stage. I h a v e  recoversd t w ~  a l l e l e s  of  t h i s  gene,  

s 4 4  and  a. O'her m u t a ~ i o n s  Gmilar  t3 these h a v e  been - 
i s c i a t ea  b u t  because  of their l o o s e  linkage ro th? 

unc-22  qane rhsy have b e e n  i m p o s s i b l e  to keep .  The 
. i 

i d e c t l f i c a r i o n  of two z l l e l e s  of the let-54 g2no i n  

s u c k  a small s a m p l ~  s u g g 5 s t s  t h a t  t h i s  gene. mhy b e  morc 
f 

n a s i l p  m u ~ a t e d  t h a n  scme of t h a  other g e n e s ' i n  this 

arEa. A secocd r e z s o n  f o r  t h e  i n t e r e s t  i n  t h i s  genE is 
i - + 

tha t -  i- g i v s s  a n  i n d i c a t r o n  o f  t h e  '-,inre of m o u l t i n q  i n  

ur-c-22 m u t a n t s .  T h e  h c r i z o n t a i  l i n e s  i n  F i g u r e  6 show 

when 'he r n c u l c s  c c c u r  i n  a n  N-2-S wcrm ( B y ~ r l e y  e? 21., 
'5 

1376)  . T ~ E  twi-,cher ar3. t w i t c h e r - l e y h a l  ccmbf  n a ~ i o n s  
* 

wauid be e x p e c t e d  t o  be somewhat different from this. 

* I ~ E  fac', t h a t  lei-54 ( s 4 4 )  , u n c - 2 2  (s7) worms block' a t  

- a p p r c x l ~ a z e l y  0.3 ma s u g g e s t s   hat :he b a r  o u i d  be  P 
lowezed s l i g h t l y  w h e ~  e s f i m a t F n g  m o u l t  time5 fcr unc -22  

'\ 
5 - \ 

l i r k e d  l c t h s l  m u ~ a t i g n s ,  Beceuse there will bs * 

d i f f e r e o < e s  .of ac I ~ d i v i d u a l  nature in th .3  different 

E a ' i n :  c o n h i z ~ ~ i o n s ,  e a c h  d o u b l e  ~u:ani '  s h o u l d  b e  
I 

foliowsd i ~ d i v i 2 u a i L y  t h r o u q h  t h o  m o u l t i n g  cycle. This 

is ~ ~ d l o u s  ,and c robab l f  n e e d  o r l y  be  d o n e  w i t h  

.-- 
tte time of t h e  L - 1  TO L-2 aoalt, then - s 4 5 ' a n d  s 1 6 6  

b l c c k  ic rke L - 2 ,  rot 5 5  - h e  L - l .  F- 22 



B 
- - - -- 

T h e r e  a r o  two rau ta t ions  that definitely b i o c k  in 

:he L-2, 1 ~ ? - 6 0 f s 5 3 L  a ~ d -  24-77. Three other rnuta t icne ,  
ae 

s 4 5  s166 and 33-1725 block ill ~ f t h e r  la53 L-2 o r  in 
I f 

these five mutations there a r e  a t  

l e a s t  two gsnes, l ? t - 6 0  to ths right of unc-22 and 

l e t - 5 5  to t h e  l e f t  cf UEC-22. Thsse genes are a t  l e a s t  

ace mzp uni :  apar:, From the complem~n?ation tests dons 

w i t h  the d e f i c i e r c i e s  I t  c a n  ke assumed that s 1 6 6  acd 

33- 7725 E r e  no: alleles of ' l e t - 6 0 .  

8 
& 

e -  L ~ ~ h a l s  ?ha: a r r e s t  d e v e b o p n e n t  i n  the L-3 stage - 

h z v e  a b e t e r c g c n c u s  blccking t l a e  from 0.50 rnm to 0.65 

ma c c v e r l n g  :he w h ~ L e  : la+ of g r o w t h  d a r i n g  this . 

. - 
D G Z ~ U ,  The ~ L g h - ,  o r  z i n ~  lethal n u t a t i o n s  :hat b l o c k  

2 

in :hFs s-aqe define a min i inurn  cf three e s s e n t i a l  

:CE l + - , h a l  n u ~ a t i o n s  w i t h  -he d e f i c i e n c i e s  a n d  scmo 

s.=,ecissi c ~ a p l ~ i a e n t a : i c ~ !  tests between various l e f h a l s .  
.T * 

9 a s ~ 3  - , n ' t k ?  $ E • ’ ~ C ~ E L C ~  r e s t s ,  564 must d e f i n e  a-site , 

c u i s l d e  of zcnos  2 arzd 3 ,  w h i l s  s168 and s 1 3 0  d e f i n e  a 
h 
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Table 1 4 .  
- - 

Le",hal a n d  ~ + ' ~ r i l e -  mutatims in the homcuzy.qous 
-- - 

- 

and hemizyqous  stat2 . CharacterLzation of 
0 

d e v e h p m e n t  a 1  b l o c k ~ g ~ ,  s tagas .  
2 

flu-af-ion _ Romozygous Hemizyqous 

(let/lot) (let/sDf 2) 

7. 

L-1 ( e a r l y )  e g g  - 

ad i r l t  (sterile ,leaky) adult (sterile) 

(late) L- 2 ( h e r m a p h r o d i t e )  
& 

(ear l y f  



7 
c a r r y l r q  +hs m u t a t i c ~ s ,  s46, s l - 7 2 ,  s173 and st71 did 

s h c w  3 - d i f f e z e n c e  wher. e i t h s r  ir the h o m o z y g c u s  o r  tho 

Eomizygaqs s t a - e ,  E a c h  of  t h e  l a r v a l  m u t a t i o n s  (s, 
~ 1 7 2 ;  ~ 1 7 3 )  b l o c k e d  O L E  l a r v a l  s t a g e  e a r l i e r ,  wh ' i l e  t h o  

-' 
1 

ii. . adult- s ter i l s  mu%atFor ,  f s l 7 l )  , _ b e h a v e d  a s  t h o u g l  $ 5  was - - 

nc l o n q e r  l s e k y ,  An s x a m i n a t i o n  of  these data shous 
r 

9 

t h a t  there is LO b l a s  f o r  r i u l l o -  m u t a t  i o n s  to  b e  i r ,  a 

AT. C ~ E X ~ E C ~ E ~  < ; d e l i g h t  from r e s t i n g  t h e  l e t h a l  

a32 s z e r i l e  m u t a t i c n s  w i t h ,  - s D f  2 was t h a t  the e f f e c t i v e  - 
l e r h a l  p h a s e  f c r  a ~ p e a r e d  ?b b e  l a ca r  i n  males t h a ' n  

ir, h ? r r n a p h ~ 3 d i ~ e s .  T h i s  noods 70 b e  r e t e s ~ e d  s i ~ c e  evp,r. 

=he hermaphrod5:es b l o c k e d  a: a l a t &  s t a g e  t h a n  1 h a d  

o r i q F ~ a i l y -  c h a  ract~rizEd t h e  l e t h a l .  

The i n d i c a e i o o  r h +  s42 w l s  a p u t a t i v e  n u 1 1 0  ied 

me i o  examLne its i r , t e z a c $ i o n  w i t h  s u p - 5  (e  1464) , .a- 
- 

p o s s i b l e  ir;fcrma:lor,al s , u p p r s s s o r  (Watsrston, a n d  - 
-- - 

- f - -  -- - - 

E r e m e = ,  1378) , One c h a z a c t e r l s t i c  o f  s u p 5  i s  i t s  
- 

ablli:y t,o s u p p r e s s  a s u b - c l 3 s s  o f  n u l l c  m u t a t i c ~ l s  o f  

?Ce s n c - 5 Q  l c c u s  a s  vell a s  i c d l v i d u a l  a l l e l e s  of many 

c ~ k e ;  gens:, To see if - * c o u l d  suppress a l e t h a l  



' ,  
s r r u c i - , u r ~ d  such that the parent w3s e1464/+;~7,~&2'/+.,+i- . .- a . 

7 

T h e  p s z e n t s - w e r e  allowedd 70 l a y  eggs' a t  20 degrees  C .  
* 

f o r  24 h r s ,  a n d  -hen a t  15 degrees C. $ o r  the rest of 

ChP-- - -  e g g - l a y i n g  time. T h e  p r c g e n p  -wers ex.arninld f c r  -- 
a d u l t  ~ w i t c h e r s .  Worx wEre found with s.42. floraov'ar~, 

- 
a .h - 

f fl --- < 
. tuo c t h a r  lo&hals-'.es'.ei, s41 ar.d s& d i d  fiot 

:wi:chers e i t h e r .  These t h r e e  mutations, therefore, do 

2ct b e l c ~ q  to the sub-class o f  nullc m u t a r i o : z s  t h a t  a r e  

s u p p r e s s i b l e  b y  s u p - 5  ., 

' ,he? screening m e t n o d s :  S i n c e  ~ l h e  objective,  , 

9 .  in i s o l z t i r - q  thsse mu-ations was ',o obtain m u ' t a t i c n s  ir. 

eech of  t h e  genes I r !  t h e  " u n c - 2 2  r e g i d n ,  i-. was - 
3' 

~ I Q C E S S ~ Z Y  t9 vary ' I h e - ~ y ~ s s  o f  s c r e a i n g  D ~ O C ~ ~ U ~ S S  

\ - 

' % m p i o y ~ d .  H e n c ~ ,  scrsens were d o n e  f o r  maternal - .& 

l e t h a l s f  g r a r r d c h l l ~ l e s s  1etLai-s and  f o r  linksd v i s i b l e  
- --% 

asrar :ans .  O n l y  o n e  m a ~ e r n a l  l 2 r h 4  was fcund i n  1 8 4  -. 
chrcncsomes ~ x a m i n e d  end no g r a n d c h i l d l e s s  m u t 3 t i o n s  

were f zuca  in 182 -X-ed chromosomes. T h e  maternal 

iF,'.-hal has s i n c ~  been l a s t ,  
. P 

F o u r  vlsikle muta t i ons  h a v e  been  fqund in t h e  

u r a g i o n .  Twc cf ' _ h a s e , ' s 3 3 a n d  s3 , a r e  u n c o o r d i n a t e d ,  

They i a p e a e  t h e  movement of the t w i t c h e r  but dc not 
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111: S u p p r e s s i o s  dosage e f f e c t s  a n d  q e n e  

Int e r a c e i o n  i n v o l v i n g  t h e  unc-  22 l o c u s .  
- - 

v 
I 

- . e' . I i - -- 1. - 
- 

(i) s u p ~ r o s s i o n  b y  sup-5 ( e l 4 6 4 )  111: Sup-5 ( e l 4 6 4 1  L- 

- - ---- 

is a n  i r f o r m a ? i c n a l  s u p p r a s s o r  t h a t  maps on l i n k a g e  

g r c u p  I11 in C. e l e q a n s  ( W a t ~ r s t o n  and ~reriner,  1 3 7 8 ) .  
P 

I t s ~ c h a r a c t e r l s t i c s  a r e  t h a t  it s u p p r e s s e s  s p e c i f i c  
- +-A >- -. - -- -- - x - 

a l l e l e s  i n  a w i d e  v a r i e t y  of  g e n e s .  1% a p F e a r s  to acit 

a s  a d o m i n a n t  s u p p r e s s o r  of  somb genes and a recessive 
3' - 

s u p p r e s s o r  of'o%hsrs. No d o u b t '  this i s  r g l a t e d  t o  rhsr 

f u r c t l o n  cf the gece produc t  of t h e  i n d i v i d u a l  l o c i .  O f  

26  unc-22  a l 1 e l . r  t e s t e d  f o r  s u p p r e s s i o n  b y  s u p - 5 ,  only 

s32, an allele isolated in an e l 4 6 4  background, sho'wed 
d 

siqris of d i m i n i s h e d  t w i t c h i n g .  T h e  s u p - 5  m u t a t i o n  

suppresses h o ~ c z y g o u s  u n c - 2 2 t s 3 2 )  o n l y  when it is 

homcz y g ~ u s  and .az 1  3 degrees rC. The  d i f f e r e n c e  i n  - 
% 

< .  
phecoiyplc exprtssicc O f  the daubko m u t a n t  s u p s ; ,  

*. 

uric-22 is t h a f  t h e  worn h a s  a  r e d u  e d  f r e q u e n c y  o f  L 
t f i ' l c h i n g  i n  1% n i c c t i n c  e v e n  t h o u g h ,  w i t h o u t  n i c o t i n e ,  

i+ is a v i s i b l e  t v i t ' c b e r .  The  s u p p r e s s i o n  i s  much more 

f i - s t  n p n n t v n c ; h n v p ; r - ~ J . , q ~ ~ i l t w i ' r D  u s e s  

coapsrad to worms of t h e  second genotype, even a t  20 

d ~ g r t e s  c e n l i g r a d e .  



(ii) D a s a g e  e f f ec t s  a t  the unc -22  l o c u s :  T a b l e  '1.5 
- - 

B ' s h o w s  t h a ~ e s u l t s  of p s i n q  v a z i o u s  t e t r a p l o i d ,  
* 

t r i p l o i d ,  d e f i c i e n c y *  a n d  d o m i n a n t  m u t g ~ i o n  c o m b i c a t i o n s  . % 

-- 

to a n a l y z e  d c s a g e  e f f e c t s  a t  i h e ' t h c - 2 2  l c c u s .  T h e  

d o s a g e  effect a t  t h i s  l c c u s  i s  v e r y  m a r k e d  a n d  c a n  b e  

most c l e a r l y  seer! i r j  t h e  d i p l o i d  s7/+, t h a  d e f  i c l - e n c y  
* 

sDf2, and -he two t r i - p l c i d s ,  s7[+/+ and s7/s7/+.  Ihes9 
2. 

daea s u g g e s t  t h s  amcunt o f  unc-22  g e n e  p r o d u c t  - t h a t  

mus t  b e  ' i n a c 5 i v a t s d '  50 g i v e ,  e i ther  a t w i t c h  i n  1% 

- n i c o t i n e  or, a v i s i b l e  p h e n o t y p i c  t w i t c h .  The , 

k r ~ a k p o i n t  f c r  a 1% r i c o t i n e  i n d u c e d  t w i t c h  l i e s  
e 

. , - . . 
, -  - 

betweer 33% a n d  50% g e n e  p r o d u c t  i n a c i i v a t i o n ,  w k e r e a s ,  

t o  c b ~ a i n  a v i s i b l s  t w i t c h  r e q u i r s s  a b o u t  66% gene 
, . 2 

p r o d u c z  I c a c t i v a t l o a  i n  males acd a  somewhat h i g h ~ r  s 

I ? ' -0 - 
p e r c e n t a g e  a• ’  i n a c t i v a t i o n  i n  h e r m a p h r o d i t e s .  T h i s  

d i f f e r e n t i a l  effect accczding t o -  s e x  i n  t h e  s 7 / s 7 / +  
t 

- t r i p l o i d s  w a s u n e x p e c ~ e d .  A 1 1  t h e  m a l e s  z w i t c h e d  
- - 

& w b ~ r e a s , ~  o n l y  the e a r l y  larval. stages of  the 

h e r n r a ~ h ~ o d i t e s  t v i t c h e " d .  T h e  a d u l t  hermaphrodites d i d  

no: twitch. This may k~ a size r e l a t e d  phencmenon 
.> 

r d e  - sexu*Z -bat 5.- . ~ e s s 5 l % t y + i r = e i s m r ~  --- - - -- -- 

t con - rac t  Fcc  s i n c e  

t h e y  zre the sfne s i z e  a s  the m a l e s ,  t h e %  d o  t u 4 t c h .  
= 3 -  2 - 



- * = -  
A- T a h l ~  15. 7 

4 .' ' , 

_Genedosage at the uec-22 locus. . 

Genotype ~ o r r n a l ~  1% - - Presumed X ok 

&nvironmen$ n i c o t i n e  protaih inactive 

s7/s7 + Y + 1 0'0 

s7/+/+ + * *  33  
- -  - 

- sDf2 + 50 , - 
s7,4s7/+_ + (males) +& 66 - 

r 

- + (young %sr~aphrodite) , .  

. .  
, > 

- -- &ault hezmaphrodite) 

7 e52/+ + . + , : \ # *  - ,  - - s - -  = - &  

~52/+/+ - + - 
- - *  . , 

t 

s32/+ - + 50  
1 

~ 3 2 / ~ 3 * 2  + + .  100 - - . . 
e1464;s32 + + - .** 
e 14 64; s 3 2 / +  - - t ( s l o w )  I - SS* 

* -* ftese vornrs stop t w i t c h i n g  - after a f e u  minutes, 

**  his p a i r  and t h e  f o l l c w i n g  pair were done at'20 degrees C. 
- - - - - - - - - - - - - - - - - - - - - 

+**From t h e  e f f i c i e n c y  of suppressi'on of unc-54 and  o n c - l S p a i l e l e s  
pp - 

by el464 (Haterston and srenner ,  1 3 7 8 ) ,  a rough calculation o 
3 . - + 

anoout of- normal unc-22 protein p e senq  M el464;  s32 and 
- 

i 4  

3 the el464;s32/+ worms can be. made. This would be about 

,105 iq e1464;s32 and 60% in e1464;s32/+, 
* - - 



On t h e  platss c o n t a i n i n g  t he  s7/+/+ t z i p l c i d ,  wcrms - .". 
most of the worms twitched i n  n i c o t i n e  fc-r a few - - 

minutes a r , d  .then s t o p p e d  a s  sh'own i n '  Table f 5, ~ h e s e '  

were t h e  worms u s e d  t o  make t e t r a . p l o f d ' t - w i t c h a s .  \- 

2 - 4  

i s u a l l y  diploid worms b o ~ 4 o t y g w . S  o-r h e t r j c o z y g o u s /  an 
. 

R -  

7 urc-22 m u t a t i o n  t w i t c h  i n  n i c c t i n e  .for h o u r s ,  A , 

- - - - -- - -- PA- -- - 
p u z z l f a g . z e s n l ~  was t h a + ,  on these p l a f e s  with worms 

+ - 
$bar twitched f'pr a feu micu~.e& an'd s?opped, t h e r e  uere 

- -- - 

a lways  cns o r  zuo wcfmI- t h a t  would c o n t i n u e -  70 t S ( t c H .  

T h s s e  l a t t e r  wcrms b e h a v e d  a s  i f  they w+/+. - S i n c o  

% h e r d  uere so few of rhe. I can only a s s u m e  t h a ?  they 
I C 

were the of  .an u n u s u a l  s e g r e g a r i c n  i n  'ha 

i e t r a d l o a  - p a r e n t  such t h a t ,  in t h e  cross + /s7  males 
7 

* ' - 
' tines zecraploid wild- ty p; h e r a a p h r o d i t e s ,  m t '  all t h e  

1 c --v - b - 
p r c g e n y  =re t r u l y  ? r i p l o i d ,  but  some were diploid c r  

- - 

(iii) .Gene i n t e r a c t i o n  i n r o l v i d c j  the unc-  22 
- ' 1 

" - alleles: ,An i m p o r t a n t  gcal of ' i b i s  thesis w a s ' t c  look 

\.- r, 
1 

%or  a u t s t i c k s  t h a t  a l g b t  central t 5 e  disorder  caused by 

was -Wb:r~' and o b i a i q  g:eve&'%F of some of the 

a l l e l e s  -of tohe locus and analyze t h e k  pro~ert ies .  
h 



- -- - 

Three nnc-22  a l l e l e s ,  ~ 8 ,  s 18'and s 12 were 

examlnsd fcr F1 r e v e r t a n t s  a f t e r  b e i n g  treated w i t h  

0 . 0 5  M EHS. No r e v e r t a n t s  of - s8 were f o u n d  io 1,8 x 

105 tested CETOBOSO~BS, 3nd none  were f o u n d  Loor 9 

In 1, 1 x 105  t e s t g d  chromosomes. AJlele s12, h o w e v e r ,  

gave  s i x  *revertanzsl i n  7 . 8  x 1 0 s  t e s t e d  chromcscmes 
- - - -- 

(Table 16). These revertants had a d u a l  p h e n o t y p e .  

They were dominani  s u p F r e s s o r s  o f  s12 a n d  looked 

7 - 
w i i i l - t y p e  wh€n h e t e r  zTgous bur, when h c m c z y g o u s ,  t l i e y  

- 

were slow and stiff e x c e p t  for - s75 which had only 3 

7 weak homozygcus  v i s z b l e  phenotype .  T h e i r  s u p p r e s s i c n  of 

s12 was quite s+,rcr\,g sizce the d o u b l e  mutant  s t r a i n s  - 
d i d  n c i  t w i t c h  evsn i n  1 %  n l c o t i n 5 .  Again, m, was ths 

excepti6h because s u c h  i n d i v i d u a l s .  d i d  t w i t c h  i n  1 X 
/ 

- n i c o t l n e  whsn a d o u b l e  mutant w i t h  s. 

All six *rever tant s1  s ~ g r e g a t e d  i n d e p e n d e n t l y .  of 

: . unc-22 and were, therefore,  cot t r u e  r e v e r t a n t s  i .  e . ,  

*hiy wers no+ second s i t e  m u t a t i o n s  w i t h i n  t h e  unc-22  

gone. These new m u i a t i c n s  a l l  mapped to linkage group I 

u n c o o r d i r a t e d  genes on chromosome I g a v e  a! u n e x p e c t e d  

result. A 1 1  +he u n c  genes  testsd complemented e x c e ~ t  

one, unc-54, a g e n e  t h a t  codes for a heavy c h a i n  o f  



Screen for revertants at the unc-22 ,locus. 

*33233? - -EKf-- - - t & & d ~ - " -  

tested concentration tested isolates 



-- 
rnyosir. (BacLood et a l . ,  1377) . a ~ d  w h i c h  maps ' 

a p p r o x i m a t e l y  25  reap ucits  fro^ dpy-5 (Brenner, 1 9 7 4 ) .  

One cf  t h e  new r a u t a t f o n s ,  s 7 4 ,  when heterczygcus  o v e r  

nnc-54Ie13CT) h a d  3  fien no type that r e s e m b l e d  ths 

h o m o z p g o u s  s74 p h e n o t y ~ e .  I n  a n  i n i t i a l  e x p e r i m e n t ,  

a b o u t  2 5 , 0 0 0  chromosomes wer2 e x a m i n e d  f o r  a 
-- - - -- - - -  - -- 

r e c o m e t i n a n t  between 374 and  e130, and  none were f o u n d .  

Sirce :hen a l a r g e  sca le  s c r e e n  of t h i s  h e t p r o a l l e l e  
a 

was d c m ,  Twc c rosscvers  were f o u n d  i n  7 7  phtes. I 
i, 

es t ima 'e  t h a t  k~tw'een 2 x 103 and  4 x l o 3  worms . -  
were OK s a c h  ~ l a t e  I n  t h i s  screer, This new m u t a t i c n ,  

- .  a, a p p e a r e d  to@be a n  a l l e l e  of pnc-54 and t o  map 

r e i a 5 F v e l y  c l o se  :o t h e  a l l e l e ,  e l g o .  T a b l e  t 7  sltcws - 
t h a t  the c t h e r  m u t s t i o ~ i s  a r e  a l l  a l l e l i c  t o  s a .  

A n i m a l s  hcmozygous f o r  a l l  unc-54  a l l e l e s  s o  f a r  

d e s c r i b e d  I n  the literature ( E p s t e i n  e? a l . ,  1 3 7 4 ;  
pB 

* 
UacLeod et a l . ,  1977;  V a t e r s t o n  a n d  B r e n n e r ,  1 3 7 8 )  a r e  

c h a r a c t e r i z e d  a s  b e i n g  t h i n ,  t r a n s p a r e n t ,  almost 

t o t a l l y  p a r a l y z e d ,  u n a b l e  t o  l a y  e g g s  a n d  i n c a p a b l e  c f  

promoting m u s c l e  b i z e f r i n g e - n c e  u ~ d e r  p o l _ a r i z L n g  l i g h t -  

m i c r o s c o p y .  The s f x  new unc -54  - a l l e l e s ,  s74, s 7 5 ,  s 7 6 ,  - -- - 

I 
* 

s 7 7 ,  s78 ar?d s x  a p p s a r  t o  be q u i t e  d i f f e r e n t .  Host - 
C 1 

an imals  of  such s t r a i c s  ars fairly n o r m a l  i n  size, n c n e  

Is clear a n d  a l l  a r e  c a p a b l e  cf movement t o  some 
i 



Table  17 .  

Allelism t e s t s  o f  v a r i o u s  s u p p r e s s o r  

mutants w i t h  s74.  

H2terc zygote- fast raale -- slow male ~ h e n o & w  

S ~ G W  male' * 

a l l  males normal 

(++) slow,  s l i g h t l y  unc 

(+) o n l y  s l i g h t l y  slow 

(++++) almost s topped  

- (+++)  slow a n d  unc 

(+++I slow.and unc 

i 

* There are two interrelated phenotypes  t o  look f o r ;  s lowness 'o f  

movement, and an  uncoord ina ted  (unc)  movement. The s c a l e  + t o  ++++ 

refers to slowno,ss, the ++++ b e i n g  the s l o w e s t .  



\ 

&gr- and 3 3 5  a n i m l s  are al-, t o t a l l y . "  - + - 
' . 

p a r a l y z e d ,  The a b i l i + , y  t o  lay s g g s  is, c o n c o m i t a n t  - k i t h  

the deqree o f f ~ a r a l y s i s ,  a75 l a y i n g  many e g g s ,  s78  

l a y i r g  few e g g s  and s95 l a y i n g  n o n e .  On e x a m i n i n q  a 
u n d e r  p c l a r i z i n g  o p t i c s  the m u s c l e  a p p e a r s  t o  be  

4- n o r m a l ,  o r  i f  not n o r m a l ,  a t '  l ea s t  l a rd  down w i t h i n  t h e  

C 

r e p e a t i n g  a n i s o t r ~ p i c  a n d  i s o t r o p i c  z o n e s  a r r a n g e d  

l o r g i  t u d i n a l l y  are o b s e r v e d  (see F r o n t i s p i e c e )  . T h e s e  
- 

4- a r e  t h e  A b a n d s  a n d  d e n s e  b o d i e s  a n d  t h e  H z o n e s  a n d  I 

b a r d s .  D r .  R .  B. B a t e r s t o n  ( p e r s o n a l  c o m m u n i c a t i o n )  ' h a s  

s i n c e  e x a m i n s d  s74  worms u n d e r  h i g h e r  m a g n i f i c a t i o n  ( - 
1 , 0 0 0 ~  as c o m p a r e d  t o  my c b s e r v a t i o n s  a t  400x)  a n d  

s t a t e s  t h a t  the A z o n e  is  n o t  d i s c r s t e  a l t h o u g h  o n e  c a n  

make out the d e n s e  k c d i e s  q u i t e  c l e a r l y .  The e d g e  of 

the A z o n e  a p p e a r s  t o  b e  f u z z y  w h i c h ,  h e  s a y s ,  

i n d i c a ' _ e s  that the m y o s i n  m o l e c u l e s  may b e  s p l a y e d  out. 
P 

~ v € n  w i t h  t h i s  d e g r e e  of d i s o r q s n i z e t i o n  these 

m u t a t i o n s ,  still h a v e  g o o d  b i r e f r i n g e n c e .  The unc-54  
- 

alleles l i k e  e l 3 0  d c  n o t  show t h i s  o r q a n i z a t i d n  a n d  

h a v e  a m a r k e d l y  d i m i n i s h e d  b i r e f r i n g e n c e  ( E p s t e i n  e t  
- - - - - - -- - 

a l ,  , 1374)  . It seems t hsse new m u r a t i o n s  r e p r e s e n t  a  
- - 

n o v a 1  c l a s s  cf m y o s i n  m u t a t i o n  where  the m y o s i n  i s  

s e q u e s t e r e d  a n d   organize^ c o r r e c t l y  i n t o  a c t i n  a n d  

m y o s i n  b u n d l e s  b u t  has l o s t  a p o r t i o n  o f  its a b i l i t y  t o  



AP e x a m i n a t i o n  o f  t h o  i n t e r a c t i o n  

m y c s i n  a l l ~ l e s  with v a r i c u s  a l l e l e s  of 

E s s  p r c v e d  r e v e a l i n g .  Host o f  the wark 

u s i n g  u n c - 5 4  Is741 and so  t h e  c o m m e r t s  

of these Lew 

t h e  u n c - 2 2  g e n e  

h a s  been d o n e  

ill re f lec t  

t h i s .  D o u b l e  m u t a n t  h e t c r o z y g o t e s  o f  s74 and various - 

s u f f i c i e n t  t c  suppress t w i t c h i n g  i n  n i c o t i n e  of  a  l a r s e  

"" number of t w i t c h e r  a l l e l e s  a s  h s t e r o z y g o t e s  ( T a b l e  18 ) .  
- - - 

The e x c e p t i o n  i s  m52, a d o m i n a n t  a l l e l e  of u n c - 2 2 ,  b u t  

n o t e  that rhe s u p ~ e s s o r  was c a p a b l e  . o f  s u p p r e s s i n g  t h e  

v i s i b l e  t w i t c h  i n  t h i s  i n s t a n c e  ( T a b l e  1 8 ) .  

TI& manner of s u p ~ r e s s i o n  of  unc -22  a l l e l e s  b y  

u n c - 5 4  (s74) Is a l l e l e  specific (see  T a b l e  1 9 )  . 
H e t s r o z y g o u s  d o u b l e s  of - s74 a n d  v a r i o u s  unc-22 h a l l f l e s  

qive p r o g e n y  w i t h  a w i d e  racge o f  p h e n o t y p i c  r a t i o ' s  

b e ~ w e e n  w i l d - t y p e ,  wBaC I c a l l ,  r i g i d - s l o v  a n d  t w i t c h e r .  
. *  

These  r a t i o ' s  e x t e n d  from an 11:4:  1 r a t i o  of w i l d - t y p e  

: u n c  : t w i t c h e r ,  a n  e x a m p l e  o f  dominant s u p p r e s s i c n ;  

+o a 9.:4: 3 r a t i o  of w i l d - t y p e  : u n c  : t w i t c h e r ,  w h i c h  
- - - - - - - -- - -- - - - - --- - -- - - -- - - -- 

i n d - i c a k  t h a t  t& s u p ~ r ~ s s f o q  i s  r e c e s s i v e .  A ratio 
- - - - - - - - - - - - - - -- -- 

intermedxte b e t w e e n  these  iwc w o u l d  i n d i c a t e  that t h e  

s u p p r e s s i o ~  i s  s c r n l - ? o m i n a n t .  



T a b l e  18. 

Effect of 1 % nicotine on h e t e r o z y g o u s  mutan?  i n d i v i d u a l s .  
3 

G s n o t y p e  t e s t e d  Phenotype  * 
wild-type t w i t c h  i n  

* 
t 4 

h e r m a p t r o d i t e  ** 1% nicotine *** 

* The test i ' n v o l v e s  l o o k i n g  f o r  w i l d - t y p e  ,worms o n  t h o  p l a t e  a n d ,  
r- t 

when these a r e  f o u n d  putting them i n  a  1 %  nicotine s o l u t i c n  to see 
I -- 

if t h e y  twitch. - 

**** a jerking twitch t h a t  geemed t o  be s o m s w h a t  s l c w e r i  



F 

T&@e 19. - @  -, 

- 
S u p p r e s s , i o n  of uac-22  alleles by  s74. 

Parent g e n o t y p e  P h e n o t y p i c  r a t i o  i n  P l  T y p e  of suppression 

r i i d  s74 iuncl t w i t c h e r  
r 

4 i 1 d o m i n a n t  

Q -2 1 - - - d e n i m  t6- - "  

L. 
LJ - 3 -  s e m i - d o m i n a n t  

s e m i - d o m i n a n t  

dominant to 

s e m i - d o m i n a n t  

s e m i - d o m i n a n t  

a 

r e c e s s i v e  i 

r e c e s s i v e  
$ 

s e m i - d o m i n a n t  . 
\ 

I 
> I 

-- - - -- - -- -- - - -- - * A11 these  p a i r s r f $ t  a 1 0  : 4 : 2 .ratio which is an impos&,ble 
* 

c o n  fXijE=at Toii. - r--=-- 

**- The-allele - a52 i s  a d o m i n a n t  allele of unc-22. 

ratio shown here is n o t  p o s s i b l e .  



-- 

The way : h i s  s i ~ & r ~ s s i o n  works is  i l l u s t l a t e d  i n  - 
the series o f  P u c n e t t  s q u a r e s  ( F i g u r o s  7 , 8 , 9  a n d  1 G )  , 

\ 

Dominanr s u ~ ~ r e m s i o n  allowed o n l y  1 / 1 6  o f  the p r o g e n y  t % 
# 

t o  be  t w i t c h e r s  s i n c e , o n l y  t h a r  p r c p o r t i o n  of -he. 

p r o g e n y  were homszygous  f o r  t h e  t w i t c h e r  m u t a t i c n  a n d  
- 

a l s c  k o m o z y q c u s  for :he w i l d - z y p e  a l l e l e  of u n c - 5 4 .  The 

s u p p r e s s i o n *  o f  2 was o f  t h i s  t y p e  ( F i g u r e  7) To 
\ - <  - A - --+- 

-- 
' 0 

. confirm z h a h h i s  was t h e  case, s e v e r a . 1  s 1 2  tv3kchers - 
from the d o u b l e  m u t e n i  were p r o g e n y  t o s % e d .  hcnq cf a 

'he t w i t c h e r s  g a v e  p r o g c n y  t h a t  were s u p p r e s s e d ,  
* . 

~ a c c s s i v e  s u p ~ r p s s i c n  means  t h a t  s74 , s t o ~ p e d  ths , - . 
t w i t c h i n g  i n d u c e d  b y  t h e  u ~ c - 2 2  l o c u s  o n l y  when i t  was 

- 
h o m c z y g o u . ~ ,  a n d ,  ? h e r e f o r e ,  - s 7 4  i n h i b i t e d  o n l y  1/4 o f  

' I  

t h e  ' w i x h e r s ,  s t L { l  l e a v i n g  3 / 1 6  of the t o t a l  F r o g e n y  

as t y i t c h e r s ,  The interaction of s 7 4  a n d  s 3 2  or  s14 was - - 
V 

an e x a m p l e  o f ' . s h i s  + y p e  o f  s u - p p r e s s i o n  ( s e e  F i g u r e  8 ) .  
, . 

S e v e r a l  - s32 i w l ' c h s r s  werei p r o g e n y  tested. S c m ~  of 

these.  t w i t c h e r s  h a d  p f c g e n y  t h a t  were s u p p r e s s ~ d .  The 

u n c - 2 2  a l l e l ~ s ,  s7, s8, I ~ 1 8  - s34 a n d  s 3 6  d i d  not f i t  

e i t h e r  an 1 l : 4 : l  r a t i o  no= a 3':4:3 r a t i o ,  but L n s L ~ a d  

e x h i b i t e d  i c t e r m e d i a t e  r a t i o ' s  b e t w e e n  these. T h i s  was 

1 / 
9 

t h ~ t  it was a ' l e a k y 1  d c m i n a n t  s u F p r o s s o r  i . e .  some o f  

t h e  t u i t c h e z ' s  t h a t  were ' s u p p o s e d 1  t o  be s u p p r e i s e d  
I 

., , 

- 



'II 

Figure 7. Punnett square of s l l  and s74 interaction. - - 



Figure 8. Punnett square of s32 or s14 and s74 - - - 
inTeraction. 
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Figure 10, Punnett square of m52 and s74 - - 
in te rac t ion .  



- - - - - -- - - 

By u s i n q  the unc- 5 4  ( ~ 7 4 )  m u t a t i o n , -  i t s  i s  p o s s i b l e  

t c  s e p a r a t e  v a r i o u s  unc -22  a l l e l e s  a c c o r d i n g  t o  t h e i r  

r e s p o n s e  t o  s u p p q % s s i a n :  The! s u p p r e s s i o n  b y  s 7 4  o f  s 1 2  
lp 

- 
- 2nd c o r r e s ~ c n d s  well w i t h  t h e  b i r e f r i n g e n c e  

p a ' t e r n s  e x h i b i t e d  by  i n d i v i d u a l s  bearing t h e s e  t w c  f 

muta ' i ons  ( see  F i g u r e  1 1 ) ,  The  a l l e l e ,  s 1 2 ,  f o r  
* 

e x a m p l e ,  c a u s e s  v e r y  l i t t l e  d i s o r d e r  i n  m u s c l e  
r) 

s t r u c t u r e  w h i l e  0 a n i m a l s  ( F i g u r e  11) a F p e a r  q u 2 t e  

d i s o r g & n i z e d .  The m y o s i n  mu ta r i t ,  s34, is a b l e  t o  -, 

s u p p r e s s  the t w i t c h i n g  a n d  t o  r e e s t a b l i s h  n o r m a l  
I 

b i r e f z l n q e n c e ,  I n d i v i d u a l s  c a r r y i n g  t h e  d c u b l e  m u t a n t s  

s 7 4 ; s 1 2 ,  s 7 8 ; s 1 2 ,  s 3 5 ; s 1 2  a n d  s 7 4 ; s 3 2  a l l  h a v e  n e a r  * 
n c i m a l  b i r e f r i n g e n c e ,  T h e  d e g r e e  cf s u p p r e s s i o n  . ( s 1 2 > s 7 2  

7- 

does  n o t  seem t o  b e a r  a n y  

r e l z t i o n s h i p  t o .  the meF p o s i t i o n  cf the uac -22  a l l e l e s ,  

i . e . ,  s u p p r e s s i o n  d o e s  no? seem t o  be p o l a r .  T h i s  c a n '  

be i l l u s t r a t e d  by n o % i n g  t h a t  s12 a n d  & are  a t  

o p p o s i t e  e n d s A o f  t h e  t h e  s u p p r e s s i c n  s p e c t r u m  b u t  map ,? 

r e x t  t o  e a c h  other ( s e e  F i g u r e  ' 3 ) .  

S i n c e  t h e s e  new a l l e l e s  a f f e c t i n g  - - - -- - - - m y c s i n  - - - - - h a v e  - - a 

r a n g e  o f  homozygous  p h e n o t y p e s ,  a n d  t h e  s 7 4  s t r a i n  
- - -  -- - - - - - - ,  - 

P 
a p p e a r s  t o  be i n  a b o u t  t h e  m i d - r a n g e  i n  s e v e r i t y  o f  

z, 

$ p a r a l y s i s ,  I s u s p e c t  t h a t  t h e  o t h e r  n o v e l  a l l e l e s  cf 

unc -54  w i l l  h a v e  t h e i r  own s p e c i f i c  p a t t e r n  o f  t w i t c h e r  



Figure 

-- 

Polarized light microscopy pictures 

unc-22 (s12) and unc-22 (~14) . 

Magnification 400x 





s u p p r e s s i o n .  I n  p a r t i c u l a r ,  t h a  two extrene a l l e l e s  f o r  - - 
- 

-- --- - - pp - - -- 

p a r a l y s i s ,  s7_5 a r d  s x  a r e  p r o b a b l y  w o r t h  e x a m i n i n q .  

P r e l t m i n a r y  e x p ~ r i m e n t s  0-n s77 a n d  s 7 8  t e n d  t o  s u p F o r t  
.----* 

t h i s  i d e a  (Table 2 0 ) .  The d a t a  are c o n f o u d e d  by  t h e  
F f a c t  t h a t  o n 5  i s  ~ x a m i n i n g  t w i t c h e r s  t h a t  a r e  

k. 

h e t e r o z y q o u s  f o r  two d i f  f e z e n t  unc -22  m u t a t i o n s ,  but I 
* 

believe t h e  p o i n t  t o  be n a l i d ,  - - - - -- --- - - -A 

Wcrms h o m o z y g o u s  for t h e  a l l e l e  a p h e n o t y p i c a l l y  
- 

r e s e m b l e  s74 rcrms w h i l e  sL8 i n d i v i d u a l s  a re  t h e  s e c c n d  

mcst s e v e r e l y  p a r a l y z e d  worms o f  t h e  g r o u p .  T h e  crosses 
d 

shown  in T a b l e  20 g a v e  ou' .cr ,oss P I  p r o g f n y  w i t h  f o u r  

g e n o t y p e s  a s  shown i n  F i g u r e  12 .  S i n c e  s e l f - c , r c s s e d  
C 

t w i t c h e r  h e r m a p h r o d i t e s  c o u l d  not b e  se rated from , ? 7 

a o u t c r o s s e d  t w i k c h e n  h e r m a p h r o d i t e s  o n l y  male p r o g e n y  
t ., 

were s c o r e d ,  A 1: 1 r a t i o  of w i l d - t y p e  t o  t w i t c h e , ~  

p r o g e n y  i n d i c a t e d  n o  d o m i n a n t  s u p p r e s s i o n ,  a 2:1 r a t i o  

I n d i ~ a t e d  s e m i - d o m i n a n t  s u p p r e s s i t Y B  2nd a  3:  1 - r a t i c  

i n d i c a t e d  t h a t  s u p p r e s s i o p  was d o m i n a n t .  None o f  the 
t 

c o m b i n a t i o n s  s h o w s d  r e c e s s i v e  k u p p r e s s i o n .  T h e  p a t t e r n s  

of  s u p p r e s s 1  i l l u s t r a t e d  by 9 two 
-- - -p --- 

was d i f f e r e n t ,  w i t h  'sf8 be2ng a more e f f s c t l v e  
I 

suppressor of  a l l s l r e s  sttr,--38 5113 e. The uTc=9+ -- - 

" A  
- - 

4 e 
a l l e l e ,  s77, a p p e a r e d  i n  mosz cases t o  a c t  as. a  " 

s e m i - d o m i n a n t  s u p p r e s s o r  w h i l e  sL8 b e h a v e d  a s  a 



T a b l e  20. 

S u p p r e s s i o n  by unc-54 (s77) and unc-54  ( s 7 8 )  
- - 

. of v a r i o u s  unc -22  alleles. 

I 

Number of males i n  P1 * 
w i l d - t y p e  t w i t c h e r  

, 

* A 1: 1 r a t i o  i n d i c a t e s  n o  d o m i n a n t  s u p p p r e s s i o n .  A 3:1 r - q t i i  

i n d i c a t e s  t h a t  t h e  s u p p r e s i o n  i s  d o m i n a n t .  T h i s  i s  n o t  th-6 case 

f o r  - m52 a d o m i n a n t  a l l e l e  of anc -22 .  

a* #ugtt)exs 9n f ) in&i;cate r a t r o .  - - 

--- - - - - - -  - -  



dominant suppression = 3 : 1 - wild : twi 
- - - - - 

I 
- - - - 

Figure 12. Protocol for testing suppression by 
unc-54 alleles of a heteroallelic - 
mutant unc-22. 



- - -  - -  - 

d o m i n a n t  s u p p r e s s o r  i n  t h e  m a j o r i t y  o f  c a s e s .  A l so  of 

l m p o r t a n c o  w a s  Si o b s T r W t i Z R F t h a t  wwas t h e  o n l y  - 
allele n o t  s u p p r e s s e d  d o . m i n a n t l y  b y  m; when . 

h e t e r o z y g o u s  w i t h  s x ,  s32 was s u p p r e s s e d  i n  a + 

s e m i - d o m i - n a n t  fashion. The a l l e l e ,  s 3 2 ,  was t h e  o n e  

t h a t  was  t h e  l e a s t  s u c c e s s f u l  i n  s u p p r e s s i r g ,  It 
B 

s h c u l d  be r e c a l l e d  t h a t  - s 3 2  i s  t h e  s u s p e c t e d  n u l l o  

t a l l e l e .  

The t ' e c h ~ i q u e  o f  testing .different unc -54  a l l e l e s  

. f o r  t h e i r  a b i l i t y  C,c s u p p r e s s  unc-22 a l l e l e s  a l l o w s  f o r  

a n  e v e n  f i n e r  d i s c r i m i n a t i o n  b z t w e e n  t h e  t w i t c h e r  

a l l e l e s .  F o r  e x a m p l e ,  ,c'/4 g r o u p e d  - s 1 4  a n d  s 3 2  t o g e t h e r .  

but t h e  d a t a  f r c m  0 s u p p r e s s i o n  e x p e r i m e n t s  suggest  
I 

z h a r  i s  a  mcre s € v e r e  mutation t h a n  c. It s h c u l d  

J 4 e  o b v i o u s  t h a t  t h i s  t e c h n i q u e  n o t  o n l y  a l l o w s  f o r  t h e  
/ 

I r a p k i n g  of t w i t c h s r  m u t a t F o n s  a c c o r d i n g  t o  { h e i r  
P 

I s e v e r i t y  b u t  a l s a  a l l ows  f o r  t h e  q u a n t i f y i n g  of the 

1 s e v n r i t p .  o f  unc-54 m u t a t i o n s .  



The r o l e  c f  the unc -22  g e n e  i n  t h e  o n t o g e n y  o f  C.  - 
€ l e g a n s  i s -  unknbwn. To g a i n  scme u n d e r s t a n d i n g  of t h &  

function of this gene  o n  linkage g r o u p  I V ,  s e v e r a l  

o b s e r v a t ' l o n s  hawe  been made. T6e p r o b l e m  h a s  6 e e n  
- 

z p p r o a c h e d  from a n u m b e r  & , d i f f e r e n t  d i r s c t i o n s ;  , 
as 

* 
g e n s t i c ,  m o r p h c l o g i c a l ,  p h y s i o l c g i c a l  and  b i o c h e m i c a l .  

The ma j o r l t y  d f  the m u t a t i o n s  a t  t h i s  l o c u s  a r e  
0 

i 

r e c e s s i v e ,  b u t  there i n  o n e  a l l e l e ,  m52, w h i c h  i s  \ 

d o m i n a ~ t  ( i S c l a + e d  by G r .  D .  R i d d l e ) .  Worms h o m c z y g o u s .  

f c r  a n  unc -22  m u t a t i o n  a r 9  c h a r a c t e k i z e d  by a t w i t c h i n g  
I 

p a t t e r n  t h a t  e x t e n d s  a 2 o n q  t h e  b o d y - w a l l  m u s c u l a t u r e ;  
0 

h a n c e  these  w o r m  a r e  r e f e r r e d  t o  a s  'twitchersv. 
. . 

Compared t o  N-2-S worms, these' worms a r e  t h i n n e r , "  move 

s l c  wer, h a v e  f e w e r  p r o g e n y  (N-2-S=280; s 7 = 2 0 0 ;  s 3 2 = 1 8 0 )  

and  h a v e  a n  e x t e r d e d  d e v e l o p m e n t a l  time ( F i g u r e  6 ) .  A 

p a r t i c u l a r l y  u s e f u l  c h a r a c t e r i s t i c  of the unc -22  

m u t a t i o n s  i s  t h a ~  t h e y  t w i t c h  i n  a 1% solution of * 
I, 

n i c o t i n e  a s  h e t e r o z y g o t e s .  T h i s  h a s  a l l o w e d  for  a 

number  o f  r n a n i ~ u l a t i o n s  i n v o l v i n g  t h i s  gene * h a t  

otherwise would  not h a v e  been p o s s i b l e .  



- - T h e  t w i t c h i n g  p a t t e r n  of worms w i t h  an g n c - 2 2  

m u t h i i c n  m a k e  i t  d i s t i n c t  - a n d  - - - was - - o n e  - -- - r e a s o n  why i t  was 
1 

chosen f o r  t h i s  srudy. S i n c e  'commencing t h i s  s t u d y  a 

. seccnd It w i t c h e i 1  h a s  b e e n  f o u n d .  T h i s  i s  t h e .  g e n e  

d e s i g n a r e d  l € v - 1 1  w h i c h  maps o n  ch romosome  I n e a r  
1 

unc -54  ( D r .  J .  Lewis, F t r s o n a l  c o m m u n F c a t i o n )  . T h e  

s i n g l e  m u t a t l ~ n - k n o w n  f o r  t h i s  g e n e  p r o d u c e s  a weak . 

d o e s  n o t  t w i t c h  a t  a l l  i n  1% n i c o t i n e .  This may e x ~ l a i n  
4 

why I f a i l e 3  +c  r z c o v e r  a n y  a l l e l e s  o f  t h i s  q e n e  s i n c e  

mcst of t h e  unc -22  a l l e l ~ s  were i s o l a t e d  u s i n g  1% 

n i c o t i n e  i n  t h e  F! g e n e r a t i o n  after E I S  m u t a g e n a s i s .  

H e t e r c z y q o u s  d c u b l e  m u t a n t s  o f  l e v - 1 1  a n d  v a r i o u s  

unc -22  alleles f a i l e d  t o  show a n y  v i ' o u s  s i g n s - o f  g e n e  - b 1 

i n t e r s c t i c n .  , .  . 

- 
. . 

An e l e c t r o n  m i c r o s c o p y  (EH) s t u d y  o f  t h e  unc -22  

a l l e l e s  37 a n d  - s32 was d o n e  ( C r .  D ,  Popham, p e r s o n a l  

c o m m u n i c a t i o n ) .  The EM showed  ; h a t  t h e  m u s c l e  i n  t h e  

a d u l t  twitcher was v e r y  d i s o r g a n i z e d ,  w i t h  c l u m p  cf 

a c t i n  a r d  m y c s i n  i n  d i f f e r e n t  p a r t s  of t h e  c e l l .  T h e  

m u s c l e  c ~ l l  b c u n d a r y  was I r r e g u l a r ,  m i t o c h o n d r i a  were 
- - - - 

b lown  o u t  a n d  f i l a m e n t s  were r u n n i n g  a+, irYecJular 

a n g l e s  ( s e e  P i g u r e  13). B i r e f r i n g e n c e u d i e s  a I s o  
'\ 

i n d i c a t e d  t h a t  t h e  m u s c l e  was a b n o r m a l  ( F i g u r e  11) . 



Electron microscopy pictures of N-2-S 

and unc-22 (s7) in cross-section. 

N-2-S 

unc-22 (s7) 

Magnification 21, ooox 





UU- - 
I 

Undez  p o l a r i z i n g  o p + i c s  t h s  m u s c l e  was t h i n n e r L - t h a n  
- - -  

w i l d - t y p e  rn-uscle ,  a n d  d i s o r g a n i z e d  p a t c h e s  were s e a  t 

2 a l c n q  ?he e n 5 i r e  l e n g t h  of the b o d y .  A q u a l i t a t i v e -  ' * 

s e p a r a t i o n  of t h e  v a r i c u s  g r o u p $  was m a d e ' b a s e d -  cn . 
---I + 

t h e i r  d e g r e e  o f  d i s o r g a n i z a i i o n  ( s 1 2  and s 1 4  b e i n g  n e a r  
C 
- 

+ h e  extremes, see F i g u r e  1 1 ) .  

--- - ~~ - m u t a t i o n s  c a u s e  m u s c l e  t w i t c h i n g  T h i s  -__ _ 
6- . - -  - 

i- - --- - -- I 
c o u l d  b~ d o n e  v i a  t h e  nervous sys te -m o r  it c o u T d  b e  d u e  ." 

* 

to a d i s o r d e r  I n  .-,he m u s c l e  i tself ' .  T h e  f c l l o w i n s  -5wc - 

o b s e r v a t i o n s  I k l i e v e  make i t  i m p o s s i b l e  o n s i d e r  

t h e  unc-22  m u t a t i o n s  a s  a n e u r a l  p r o b l e m .  T h e  f i r s t _  

o b s e r v a t i o n  is  r e l a t e d  t o  f h e  e f f e c t  o f .  n i c o t i n e .  

Nicot  h e  'is a  m i m i c  of  a c e t y l c h c l i n e  (Ach)  i n  
- 

v e r - e h r a t e  ~ o r v o u s  s y s t e m s  a n d  c a u s e s  c o n t r a c t i q n  cf 
-> 

s k e l e t a l  m u s c l e  (see A l b e r s ,  1 3 7 2 ,  f o r  a n  o v e r v i e w ) .  

The n e m a t o d e  seems t o  have Ach, o r L ' a t  least t h e  enzyme; 

c h o l i n e  a c e t y l t r a n s f e r a s e ,  wh ich  i s  n e c e s s a r y  tc make 

it ( H r .  J i g  Rand a n d  D r .  R ,  R u s s e l l ,  p e r s o n a 3  
L " 

* 6 

' c o m m u n i c a t i o n )  . A s  well, t h p  a d d i t i o n  o f '  ~ c h  c a u s g s  the 

c o n t r a c t i o r !  cf t h e  b o d y - w a l l  m u s c u l a t u r e  i n  c u t  worms 
., 

- - -  , - - -- - - - - - -- -- 

( c i - , e d  Fn s u s t c n  e t  al., 1376) .  Ach sesms t o  a c t  the 
1 

- - - 

same way i n  nematodes a s  i n  v e r t e b r a t e s i  N i c o t i n e  

c a u s e s  a r i g i d  p a r a l y s i s  i n  a n  N-2-S worm. It d o e s  t h e  I 

/ 

s a m e  i n  a t w i t c h e r ,  b u t  t h e  d i f f e r e n c e  i s  t h a t  it pill 
c o n ~ i n u e s  t o  t w i t c h  o v o r  a n d  a b o v e  t h e  p a r a l y s i s .  

d 



The A c c n d  o b s ~ r v a t i o n  comes from a c u t  no r i  
. 

a s s a y .  I f  an  N-2-S worn is c u t  ' i n t o  t h r e e  p i e c e s .  w i t h  

o n e  i n c i s i o n  b e i n g '  b e h i n d  %he p h a r y n x  a n d  the p t h o r  
+ 

b a i n g  p c s t e r i c r  t o  'he v u l v a , -  all the pieces u i l l  qo 

f l a c c i d  and. w i l l  n o t  mcv t .  I f  a t u i * c h e r  i s  c u t  i n  the 
I 

- - - A - -  

- -same f ~ ~ ~ ~ ' s a c t r c f - t - & e  -pTeces w-TII  c o n r l n u e  ta t w i t c h  
d . 

f o r  a r  l e a s '  s e v e r a l  minu;es.  Each piece 'seems- to be 

1 a u t c n o m o u s .  n o t  n e o d i r g  a r y  c e n t r a l  n e r v o u s  s y s t e m  

-- -_- . -- _- ' n p u t .  The t w i t c h i n g  a l s o  doss n o t  seem t c  .be t h e  . - 
-.__ ' . 

r e s u l t  of 2 c c n t r a c : i c n <  having b e e n  * . i t i a t e d  i n  o n e  

m u s c l e  c e l l  and  - t h a n  s p r ~ a d i n g  t o  t h e  o t h e r s .  T h i s  

p o s s i b i l i t y  m i g h t  h a v e  been s u s p e c t e d  s i n c e  D e b ~ 1 1  et 

21. --ma_ showed t h a t  Ascaris l u m b r i c o i d e s  muscLe 
-. 

cells a x  elec'.ric$lly c o v p l e d  a n d  White 3'. a l .  ( 1 3 7 6 )  

have  s u g g e s t s d  t h a t  C. e l n g a n s  m u s c l e  c ~ l l s  a r e  t h e  
- + 

same. 

These o b s e r v a t i o n s  would a r g u e  t h a t  w h a t a v e r  

causes t h e  '.wFtch. it ii s o m e t h i ~ q  o t h e r  t h a n  t h e  - 

n e u k a l  i n p u t .  i.e;. t h a t  i t  i s  f d o w n s t r e a m f  frcm :he 
- - -  - -  

- 

n e n r o t r ~ t t e r / m u ~ c l e  receptor p r o t e i n  j u n c t i o n .  
-- - - - - - -- 

However. neural f h p u t  d o e s  seem c a ~ a b l e  of e l i c i t i r g  a n  

effect. ' O v e r s t i m u l a t i c n f  i.e. a d d i n g  1 %  n i c o t i n e  can 

somehow stress t h e  s y s t e m  s u c h  that a worm h e r e r c z g g c u s  



f o r  a n  unc-22 m u t a t i o n  will t w i t c h .  A c learer  e x a m p l e  
- - - - - - - - 

3f t h i s  c a n  bc s e e n  when the n i c o t i n e  i s  i n c r e a s e d  t o  

the v e r y  h i g h  l e v e l  of 5%. * E v e n  N-2-S worms v i b r a t e .  
C 

T h e  v i b r a t i c n  locks p h e n o t y p i c ' a l l y  s i m i l a r  50  a t w i t c h .  

A r x e n t  r e s u l t  o b t a i n e d  by D r .  J .  Lewis ( p e r s c n a l  i ,, 
a, 

c o m m u i ? i c a t i o n )  i s  of i n t e r e s t  h e r e .  He e r p o s ~ d  worms t o  

, - o u b a i n ,  a c a r d i a c  g l y c o s i d e  w h i c h  i n h i b i t s  a c t i v e  
- - - - - - -  -- - 

s o d i u m  acd ~ o t a s s i u m  t r a n s p o r t .  He f o u n d  ' h a t  
f 

w i l d - t y p s  worms become p a r a l y z e d  b u t  t h a t  twitchers 

keep t w i t c h i n g  c b m  i c a l  . agaf n 

suggests that tho uric-22 d i s o r d e r  i s  l o c z l i z e d  t o  t h e  

~ u s c l e  c e l l .  

The u r c - 2 2  i n d u c e d  t w i t c h  is  i n f l u e n c e d  b y  t h e  

c o c t r a c t i l e  a p p a r a t u s ,  mast n o t a b l y  b y  t h q  unc -54  g e n e  
e 

p r c d u c - , ,  myosin (UacLecd  st a l . ,  1977) . A d o u b l e  m u t a n t  

cf u n c - 2 2 ( s 7 )  a n d  n n c - 1 5 ( e 7 3 ) ,  t h e  gene  f o r  p a r a m y c s i n  

( W a z e r s t o n  e t  al., 1977 )  a p p e a r s  p a r a l y z e d ,  b u t  o n  

c l c s e r  e x a r n i c a t i n  o n e  can  see a s l i g h t  s u r f a c e  t w i t c h .  

T & i 5  car Ce o b s e r v e d  more e a s i l y  i f  the worm i s  p u t  i n  

1% nicotine. & n / o n c - 2 2  ;uric-54 ( e l 9 0 )  worm i s  t o t a l l y  , 

p r ~ d n c r  fcr t w F ? c h i n g  h a s  been  d e m o n s t r a t e d  w i t h  t h e  

disccvery o f  t h e  2cvel a l l e l e s  of  yos sin (see R e s u l t s  



h e a v y  c h a i n  i n  t h e  n e m a t o d e  ( E p s t e i n  e t  a l , ,  1974 ;  a n d  

D r .  R. H. H a t e r s t o n ,  p e r s o n a l  c o m r n u n i ~ ~ t i o n )  , u n c - 5 4  
1 

' a n d  o n e  o t h s r  gene  c o d e  fd r  a 210,QOO m o l e c u l a r  . u o i q h t  

~ o l y p s p t i d e ,  w h i l e  a t h i r d  gene c - o d e s  f o r  a 2 0 6 , 0 0 0  

m o l e c u l a r  w e i g h t  p o l y p e p t i d e .  T h e  u n c - 5 4  g e n e  p r o d u c t  

is found along-ni;-t% .t.,h-~-cTh%-r 210,00@.rncl~cul-ar-~ei~~t~~-~~~~ ----I- 

m y o s i n  I n  the b o d y - w a l l  mus'cle, unc -54  p r o d u c i n g  a b o u t  
1 /- 

75% o f  ;he h e p v y  c h a i n  myos in .  The 2 0 6 , 0 0 0  m o l e c u l a r  

w e i g h t  m y o s i n  i s  •’ohm3 o n l y  i n  the p h a r y n x  w h i l e  the 

Q c t h c r  2 1 0 , 0 0 0  m c l e c n l a r  w e i q h t  m y o s i n  is  fo.Qnd i n  t h o  

body-  wal l  m u s c l e  a n d ,  l n  ? h e  p h a r y n g e a l  m u s c l e  ( E p s t e i n  

e t  a l . ,  1 3 7 4 ;  HacLeod e t  a l . ,  1377; S c h a c h a t  e t  a l .T  
= 

1 3 7 7 ;  f l a c k e n z i e  et a l . ,  1 3 7 8 ) .  S i n c e  a t  least two 3. 

m y o s i n  h e a q y  c h a i n s  a r e  f o u n d  i n  'a b o d y - w a l l  m u s c l e  

- c e l l  t h e  ques t i cn  a r i s e s  w h e t h e r  t h e  t w i A e h  c o u l d  he 

'rerouted' t h r o u g h  t h e  c t h e r  b o d y - w a l l  m y c s i n .  The 
f 

a f o r e m e n t i o n e d  d a t 3  s u g g e s t  t h a t  i t  c a n n o t  be ,  b u t  
2 .  

since t h i s  m i n c r  b o d y - w a l l  m y o s i n  f o r m s  o n l y  25% o f  t h e  

t o t a l  myosrn In the  c e l l ,  p e r h a g s  t h e r e  i s  just n o t  
I 

e n o u g h  of i t  t o  g e n e r a t e  a v i s i b l e  t w i t c h .  After a l l ,  ' 
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s x a m i n 9 d  f o r  its a b i l i t y  t o  t w i t c h  and ,  a s  e x d e c t e d ,  i t  . 
- - - - - - - -- - - - 

was a much k o t t ~ r  t w i t c h e r  than an e73;s7 worm a n d  was 
1 \ 

ever! capable of l a y i n g  many' e g g s .  S e v e r a l '  lines o f  
1 

~ v ? d e n c e  c o n v e r g e  t o  s u g g e s t  r . h a t  the d i s c r d e r  c a u s e d -  

by t h e  u n c - 2 2  m u t a t i o n s  is  r e l a t s d  t o  m u s c l e  s 'ructuie 

a n d  f u n c t i o n ,  To d e t e r m i n e  t h e  r o l e  of this g e n s ,  izs 

protein p r ~ d u c t  m u s t  b* i s o l a t e d ,  Spome pxriminary - -  - __ _ - 2  
d 

o n e - d i m e n t i o n a l  s o d i u m . d o d e c y 1 - s u l p h a t e  (SDS) 

p o l y a c r y l a m i d e  Qels , w h i c h  s e p a r a t e  p r o t e i n s  a c c o r d i n g  
I 

t o  tBeir m c l e c u l a r  weight, h a v e  been run o n  s 3 2 ,  a 

p u t z z i v e  n u l l o  a l l e l e  cf t h e  unc-22  gene ( D r .  C .  Kreis, 

p e r s o n a l  c o m ~ u c i c a t i o ~ l )  . - ~ t  p r e s e n t  n o  d e m c n s t z a t i v e  

d i f f e r e n c e  c a n  te seen i n  t h e  p r o z e i n s  on  g e l s  o f  s32 

and g e l s  of N72-S. 



G e n e r a l   isc cuss ion. 

p r e l i m i n a r y  

on t h e  two 

(1 )  T h e  ' s ize  of  t h 9  u n c - 2 2  q e n e :  A 

, estirna-.e of the unc -22  gene &ze ,  b a s e d  

o u t e r m o s t  a ' l l e l e s ,  sJ& a n d  &,, i s  1 t o  
- 

2, 10 -2  map 

, u n i t s .  T h i s  i s  t h e  firs+ ~ e p o r t e d  r e c o m b i n a t i o n  map •’or 

any .gene i n  C .  e l e q a n s .  Two o z h e r  g e n e s  a r e  p r e s - e n t l y  

b e i n q  mapped, unc -54  a n d  u n c - 1 5  ( D r .  R .  8. W a t e r s t o n ,  

bps rsona l  c o m m u n l c a t $ o n ;  Ms. A .  Rose a n d  D r .  D. L. 

B a i l l i e ,  'persor ,a l~communicat ion)  , with e s t i m a t e s  of 
? 

t h e - i r  g ~ r _ €  s i z e  r n n g i n g  f r o m  10-2 t o  10'-3 map 

u i i i t s .  . It i s  t o o  e a r l y  $0 t e l l  i f  t h e  r e c o m b i n a t i c n  

sizc, cf t h e s e  g e n e s  is c o m p a r a b l e  t o  t h a t  o f  unc -22 .  
4 

Frcm t h e  d a t a  af S u l s t o n  a n d  Brenner (1974)  o n  t h e  

arncuqt o f  u n l q n e  D N A  i n  t h e  worm, 6 .7  x 107 base 
* 

pirs, .  a n d  the t o t ? l  d i s + a n c e  f o r  t h e  genome of 3 2 0  map 

u n i t s  ( ~ r ~ n n s r ,  1374 ;  R i d d l e ,  l 9 7 8 ) ,  I h a v e  c a l c u l a t e d  

that t h e  UCC-22 9 9 ~ 4  c o n t a i n s ,  a p p r o x i m a t e l y  2 t o  4  kb , 

c f  D N A .  I f  t h i s  w h o l e  r e g i o n  c o d e s  for t h e  s t r u c t u r a l  

c l e m e n t  :her! t h a t  i s  enough D N A  t o  c o d e  f o r  a p r c t e i n  

o f  a m o l ~ c u l a r  w e i g h t  &tween 7 0 , 0 0 0  a n d  140 ,000 .  

- - - -- -- 

-& 

s i c c e  t h ~ r e  i s  an i n h e r e n t  a s s u m p t k o n  here t h a t  D N A  
* * 

l e r g t h  a n d  m z p p i ~ g  distances h a v e  a d i r e c t  c o r r e l a t i o n .  



* T 5 5 s  is  a n  o , v e r s i m p l i f i c a t i o n  f o r  there a r e  a number  o f  
-- - --- 

T - -- - difficulties i n  e q u a t i n g  mapp ing  u n i t s  with l e n g t h s  o f  
b 

DNA o r  p r o t e i n .  T h i s  r e s u l t s  f r o m  +,Lo a s p e c t s  o f  t h e  

s t r u c t u r e  o f  t h e  genome ,  o n e  b e i n g  t h e  p o s i t i o n  of  t h e  

g e n e  a l o n g  the l e n g t h  of  t h s  chromosome,  a n d  t h e  o t h e r  
P. 

b e i ~ g ,  f o r  lack of a b e t t 3 r  p h r a s e o l o g y ,  t h e  

c o m p o s i t i o n  o f  the g s n e .  I n  t h e  f i r s t  cas5 I 

r e f e r r i n g  t o  t k ~ ,  ' c e n t r o m a r e  e f f e c t '  ( B e a d l e  1932; 
t t 

Thcmpson,  1 9 6 4 )  w h e r e b y ,  i n  D. m e l a n o g a s t e r ,  g e n e s  more . 
p r o x i m a l  t o  t h e  c 2 n t r o m e r a  h a v e  beer, f o u n d  t o  have a 

r e d u c e d  ' r a t e  of  e x c h a n g e  when c o m p a r e d  w i t h  t h a t  o f  

more d i s t a l  g,enas. ~ h i k  phenomenon a l s o  a p p e a r s  t o  t a k e  

p l a c e  a t ~ t h e  'ip ~f t h e  c h r o m o s o m e s ,  - i n  t h e  t e l o m e r i c  
L 

r e g i o c ,  w h e r e  e x c e s s  D f l A  p e r  map d i s t a n c e  h a s  been 

f o u c d  ( ~ u d k i n ,  1 9 6 5 ) .  As a  c o n s e q u e n c e  o f ' t h i s  e f f ec? ,  

g e n e s  t h a t  - e p p e a r  c l u s t e r o d  o n  t h e  genetic map a r o u n d  

'he c e n t r o m e r e ,  o r  at t h e  telcmere, a r s  p h y s i c a l l y  much 

f u r t h e r ' a p a r t  a l o n g  t h e  q c t u a l  chromosome.  T h i s  c a n  b e  
b .. 

seen on a p o l y t e n e  map (see L e f = e v r e  1 g 7 6 ,  p a g e  58 ,  
+ 

I F i q u r e  2 1 ) .  What this means  i s  t h a ?  0 1 0 1  map u n i t s  9- 

d o e s  n o t  c o n t a i n  t h e  same a m o u n t  of D?jA i n  a l l  parts of 

the c h r c m o s c m e .  
- 

e 
- - 

In C ,  e l e g a n s  t h e  c h r o m o s o m a l  l o c a t i o n  o f "  thGe  

ce~5romeres is unknowr ,  a n d ,  t h e r e f o r e ,  w h e t h e r  the I 



u n c - 2 2  l o c u s  is s i m i l a r  i n  r e c o m b i n a t i o n  f r e q u e n c y  t o  

a n  a r e a  t h a t  L s  p r o x i m a l  t o  t h e  p n t r o m e r e  c r  t o  a n  

a r e a  t h a t  I s  d F s t a l  t o  it, i s  inknown .  I f  my s t a t e m e n t  
- 

a b o u t  q e n e t i c  maps i s  t r u e ,  t h e n  t h e r e  i s  e s u g g e s t i o n  

a s  t o  the l o c a t l c n  of t h e  unc -22  g e n e  r e l a t i v a  to t h e  

c e n t r o m e r e .  A comparison o f  t h e  l i n k a g e  map o f  C. - 
e l e q a n s  ( F i q u r e  I ) ,  with t h a t  o f  D .  r ne l snogasL ,e r  (see 

t - - LL - -- 

H e r s k o w i t z ,  1 9 6 5 ,  p a g e  185, F i q u r e  13-4)  f l l u s t r a t e s  an 

i n t e r e s c l n q  s i m i l a f  i + y  , t h i s  b e i n g  a c l u s t e r i n g  o f  

m u t a n t s  i n  s p e c i f i c  r e g i o n s .  I n  D r o s o p h i l a  t h e  c l u s t e r s  

a r e  a t  t h e  c e n t r o m e r e  a n d  t h e  t e l o m e r e s  w i t h  a  s t r i n g  
, . 

of s i t e s  j o i n i ~ g  t h o s e ,  a n d  i n  the worm you see t h e  
b 

> - s a m e  phenomena. T h i s  i s  p a r t i c u l a r l y  \ s b v i c u s  on .  
C f  

- 
ch romosome  I o f  the worm, a n d  s u g g e s t s  " a t  t h e  c e n t e r  - 

i of  t h e  c l u s t e r s  may be  .rhe s i t e  of t h e  c e n t r o m e r e  ( a s  

b r i q i n . a l l y  p r o p o s e d  be  B r e n n e r ,  1974)  . A c a v e a t  here i s  

t h a t ,  s i n c e  Herman et a l .  ( 1 3 7 6 )  h a v e  o b t a i n e d  f r e e  

d u p l i c a t i o ~ s  i n  t h e  worm, t h 2 r e  i s  the p o s s i b i l i t y  t h a t  
. . 

t h ~  c h r o m o s o m e s  have  . d i f f u s e  c e n t r o m e r e s ,  I f  t h i s  is. 
Y 

the case t h e n  it i s  i m p o s s i b l e  t o  know w h a t  t o  p r e d i c t  

i n e g a r d s  t o  D N A  . c o n t e n t  a n d  map d i s t a n % c a s  a t  t h i s  
-d 

Q 

\. 

I f  t h e  c h r o m o s o m e s  of  t h e  n e m a t o d e  do h a v e  

l o c a l i z e d  c e n ? r o m e r F s ,  t 5 e  position of unc-22  a t  t h e  





*. 
+f bctWeen mK- l e n g t h  a n d  m a p p i n g  d i s t a n c e .  T h e s e  

F i r s t ,  Ronen a n d  S 3 l t s  ( 1 9 7 1 )  f o u n d  t h a t  

r s c o m b i n a t i o n  r a t s %  f o r  t h e  ' s e p a r a t i o n  of a d j a c e n t  

b a s e s  v a r y  by a t  l e a s t  t h r e e  o r d e r s  of  m a g n i t u d e  i n  

different p a r t s  of  "ho rII c i s t r o n  o f  b a c t n r i o p h a q c  T4. - 
~ s c & d ,  t h e y  f o u n d  t h a t  even  t h e i r  h i g h e s t  r a t e  of  

c r o s s i n g - o v e r  b e t w e e n  a d j a c e n t  b a s e s  was two o r d b r s  of 
1 

m a q n i t u d e  less  than was p r e d i c t ~ d  from e x p e r i r n a n t s  

, m e a s u r i n g  a v e r a g e  g e n e t i c  d i s t a n c s .  I f  t h e r e  h a d  c o t  

b e e n  o t h e r  e x a m p l e s  of  t h i s  b e h a v i o u r ,  t h e s e  findings 
I, 

c o u l d  b e  d i s m i s s e d  a s  bsing a  s p e c i a l  p r c p e r t y  of  
\ 

r e c o m b i n a t i o n  between a d j a c e n t  n u c l e o t i d e s .  B u t  t h e r e  

a r e  o t h e r  e x a m ~ l e s ,  s u c h  a s  the work of N o r k i n  ( 1 9 7 0 )  
< 

on m a r k e r  s p e c i f i c  e f f s c t s  i n  tho lac o p e r o n  o f  E. c o l i  - , 

a ~ d  t h e  work  cf Moore a n d  S ' h n r m a ~  ( 1 9 7 4 ,  1 3 7 7 )  cJn 

r e c o m b i n a t i o n  i n  t h o  i s o - 1 - c y t o c h r o m e  c gene of yeas t .  1, 

They t o o  h a v e  f o u n d  t h a t  p h y s i c a l  d i s t a n c e s  a r s  of  

s e c o n d a r y  i m p o r t a n c e  whsn e x a m i n i n g  r e c o m b i n a t i o n  
, _  

w i t h i n  a g e n e .  What e m e r g e s  f r o m  t h i s  w o r k  i s  t h e  
\ 

G+ k n o w l e d g e  t h a t  the- r e c o m b i n a t i o n  d i s t a n c e  w i t h i n  a g e n q  
- - -- -- - - - - ---- - - - - -- -- -- 

is n o t  s t r i c t l y  a f u n c t i b n  of t h e  p h y s i c a l  d i s t a n c e  
- - 

s e p a r a t l c g  two m a r k e r s ,  but t h a t  t h e  a b i l i t y  of e a c h  
r 

m a r k e r  t o  r e c o m b i n e  i s  a  f u n c t i o n  of i t s  n e l g h b o u r i n q  



I . 
From t h p '  a f c r e m e n t i o n e d  a n d  a d d i n g  t o  I t  

sL_a+ i s : i c , a i . cons lde r a t i o~s  I c o n c l u d e  t h a t  the estimst-e 

o b t a i n e d  on ths amoun? o f  DNA , w i t h i r ,  the unc -22  - locus 
P 

I' is b u t  a n  a p p r o x i m a t i o n .  A farther c o r n p l i c a ~ i ; o ~ - + ~ u s - s -  -- 

when t r y i n g  t3 e s - l m a t e  the m o l k u l a r  w e l g h t  of +he 

u?c-22 gone p r o d u c t .  This ar ises  b e c a u s e  the s t r u c t u r + l  

> a n d  r e g u l a t o r y  regions w i t h i n  t h e  u n c - 2 2  g e n e  have n c t  
0 

y e t  been d e l i r r e a t s d .  A t  p r e s e n t  WC) .know o n l y  t h a t  t h e  
4 

r i q h t  p o r t i o n  of  the gen? i s  p a r t  of the c o d i n g  e l e m e n t  

sicca s32 maps  into t h i ~  r e g i o n  a n d  i t  is s u p p r e s s e d  b y  - 
sup-5 ,  ',he I n f ~ r m a t i c n a l  s u p r e s s o r .  O f  c o u r s e  t h e  

entire r e g i o n  may cod,? f o r  t h e  ' s t r u c t u r a l  e l e m e n C  a n d  k '  
a n y  c i s - l i n k e d  regulatory sites c o u l d  be  c u t s l d e  o f  

4 % 

t h i s  a r e a ,  a s  was d i s c o v e r e d  a t  t h e  rosy l o c u s  ic D. - - 
m e l a n o g a s t e r  ( C h o v n i c k  et a l . ,  1 9 7 6 ) .  I s u s p e c t  t h i s  

mav b e  tho c a s e  for t h ~ ~ f o l l o w i n g  r e a s o n :  I f  a n e  t a k e s  

0 .01  map wi t s  e s  a n  a v e r a g e  g e n e  .size and d i v i d e s  the 

t o t a l  3 2 0  map u n i t s  b y  this " u u b e r ,  one would e s t i m a t e  

t h a t  this o r g a n i s m  h a s  3 2 , 0 0 0 ~ g e n e s ,  P h i s  is  a much 

h i g h e r  number  t h a n  B r e n n e r 9 s  (1974)  e s t ima te  of 2.000 

qenes o r  B a i l l i e ' s  ( u n p u b l i s h e d  r e s u l t s )  'of 4 , 0 0 0  
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gexies, w h i c h  a r e  b a s e d  03 f o r w a r d  m u t a t i o n  r a t e s .  I f ,  
-3 

~ O Y O V P ~ ,  t h i s  w h c l e  r e g i o n  were s t r u c t u r a l  a n d  t h o  

r e g u l a t o r y  s i tes  were o u t s i d e  of it, t h e n  t h e  n u m b e r . o f  
L 

g m e s  would b e  c o n s i d e r a b l y  less .  F u r t h e r m o r ? ,  t h s  

d i s c c v c r y  t h a t  mzry g e n e s  o f  e u c a r y o t e s  h a v e  -inserts of 

s t r e t c h e s  c f  DNA t h a t  a r e  n o t  t t r a n s l a ~ e d  w f t h i n  t h e  4 

- - - -  

s t r u c t u r a l  e l e m c n t  of  ths  g e n s  h a s  d e m o n s t r a t e d  t h a t  

t h e r e  is no s i m p l e  c o r r e l a t i o n  b e t w e e n  a DNA r e q i o n ,  

t h t  p r i m a r y  t r a p s c r i p t  aria t h e  f i n a l  p r o t s i r  p r o d u c t  

d- ( see  crick,  1 79, f o r  a . r e v i e w ) .  

- 
An a l t n r n a t i v e ' m e t h o d  of o b t a i n i n g  a n  e s t i m a t e  o f  

t h 2 - u c c - 2 2  g'ene s i z e  i s  go u s e  t h e  a p p r o a c h  cf t a r g e t  
b 

e h e o r y , .  S i m p l y  s t c t e d  t h e  target theory a s s u m e s  t h a t  

thp - l a rge r  the m n t a t i o n a l  t a r g e t ,  the more e a s i l y  it 
\ 

w i l l  m u t a t e .  ~ o r w h d . m u t a t i o n  r a t e s  between v a r i o u s  
\ & 

( ~ C S S  c a 7  be  c o m p a r e d  d n ' a ' t h e  g e n e s  c a n  be r a n k e d  i n  

'3 sl e; t h o s e  w i t h  the h i g h e r  m u r a r i o n  r a t e s  b e i n g  t h e  

larqer *qenss. By t h i s  c r i t e - r i a  t h e  :uric-22 g g n e  a p p e a r s  

8 larger t h a r !  the a v e r a g e  gene  i n  the n e m a - o d e .  I f o u n d  

t h a t  t h e  f o r w a r d  m u t a t i o n  r z t e  f o r  ' t h i s  g e n e  u s i n g  - 

0.025X ERS was 1 p e r  1600 tested ch rqmosomes .  S i n c e  

Bronner ( 1 9 7 4 )  ?s ' - , imated t h e  a v e r a g e  forward m u t a t i o n  

f r e q u e ~ c y  f o r  a g e n e  i n  C. e l e g a n s - u s i n g  0.05H EMS a t  1 

p e r  2 , 0 0 0  r e s t e d  c h ~ o m o s o m e s ,  my d a ~ a  s u g g g s t  t h e  4 



unc-22 gene i s  more ea sF I f  m u t a t e t r  t h a n  E E € - - a v e r a q e  

gene .  

E v i d ~ n c e  f rom a n o t h e r  a p p r o a c h  c o n f i r m s  t h i s .  J .  

Z e n g e l  acd H. E p s t e i n  ( p o r s o n a l  c o m m u n ~ c a t i o n '  from D r .  

J. Zengel) fcund that, among 112 EMS i n d u c e d  

m u s c l e - d e f e c + L v e  m u t a n t s  t h e y  i s o l a t e d ,  t h e r e  wgre  3 5  

(31%) w h i c h  were a l l e l i c  t o  t h e  unc-22 gene .  A11 other 

g e c e s ,  e x c e o t  sge, wero r e p r e s e n t e d  by less than 7 

h i t s .  f n  f a c t  most g e n e s  h a 3  only o c e  or no h i t s  a t  

e l l .  A p a r t i c u l a r l y  i n t e r e s t i n g  r e s u l t  was t h a t  + h e  on9 
I 

~ x c e p t L o n  t o  this hit f r e q u e n c y ,  the unc-54 g e r ~ e ,  was. 

a s  sensitive t o  EMS m u t a g s n e s i s  as the unc-22 

qer ,~  ( a g a l ~ ,  35 unc-54 m u t a n t s  i n  their sam~le w h i c h  i s  

31% o f  t h e  t o t a l ) .  The unc-54 g e n e  i s  a  v e r y  l a r g e  

gene, c o d i n q  f a =  a 210 ,000  m o l e c u S s r  w e l g h t  myosin 

h e a v y  c h a i n  ( E p s t a i n  e t  a l . ,  1974;  MacLeod et a l . ,  , 

1 9 7 7 ) .  A measure  o f  t h e  a b s o l u t e  f o r w a r d  rnutati .cn r a t e  
I 

f o r  t h e  unc-22 l o c u s ,  and a  comparison o f  r e l a t i v e  

f o r w a r d  m u t a t i o n  r a t e s  among a number o f  l o c i  s u g q e s t  

t h a t  the U R C - 2 2  g e n e  I s  l a r g e r  t h a n  t h e  a v e r a g e  qene. 

I n  f a c t ,  i f  t h e  c o m p z r i s o n  w i t h  unc-54 i s  j u s t i f i e d  i t  

v e r y  g e n e ,  coil ing for p r o t e i n  with a 

molecu1a.r w e i g h t - ~ f  a s  much a s  200,000 d a l t o n s .  



zheory  makes t h l  a s s u m p t l m  t h a t  s l l  f a c t o r s  o t h e r  t h a n  
- 4  

g e n e  s izs)  a.re e q u a l  a n d  the m u t a t i o n a l  h i t  f r 2 q u e n c y  i s  .--_ 

s t r ' c t l y  a r e s p o n s e  t o  tho r ,ukber  of  base - p a i k n  the 

t a r g e t ,  t h e  moro b a s e  p a i r s  t h e  h i g h e r  the p r o b a b i l i t y  - 

of  i t  beLnq h i ? ,  T h i s  i s  n o t  the t r u e  s i t u a t i o n .  - 

. L -- - 
Several f a c t a r s  w l l l  v a r y  b e t w q e n  g e n e s ,  t h e  most 

L. 

i m p o r t a n t  o f  thase b e i n g  thg  GC to AT r a t i o  w i t h i n  t h  

g e n e .  T h i s  i s  i m p o r t a n t  b z c a u s s  EHS has a base 

s p e c i f i c i t y ,  c a u s i n g  p r i m a r i l y  GC t o  AT t r p n s i t i o n s  
,' 

( C o u l o n d r e  a n d  Miller, 1 9 7 7 ) .  A g e n e  of low G C  content 

w i l l  o b v i o u s l y  h a v e  3 r e d u c e d  f o r w a r d  m u t a t i o n -  r a t e  

w i t h  EMS. Gene ' ic  t h o t s p o t s l  w i t h i n  a g e n t  will a l s o  

b i a s  t h e  d e t a  (BsnzEr,  1 3 6 1 )  . 3Hil ler  a n d  h i s  co-wcrkeis 

- (see  Miller, 1 3 7 8 )  h ,ave demonstrated t h a t  small 4 

n u c l e o t i d e  t a ~ d e m  r e p e a t s  w i t h i n  s g e n e  can ac t  a s  

m u t a t i o n a l  h o t s p o t s .  S i m i l a r l y ,  C o u l o n d r e  et a l .  ( 1 9 7 8 )  

havs s,hown t h a t  in t h e  l a c1  g e n e  of  E .  c o l i ,  -. 

5 - m e t h y l c y t o s i n e  i s  z e s p o n s f b l e  f o r  t r a n s i + i o n  

h o + s p o ? s .  This is a n  i m p o r t a n t  c b s e r v a t i o n  when you  
I. / 

c o r s i d e r  t h a t  in.msrp e u c a r y o t e s  5 - m e t h y l c y t o s i n e  
- - - - - - 

c o m p r i s e s  5% o f  t h e  c y t o s i n e  i n  t h e  D N A  ( d a t a  t a k e n  

from D z v i d s o n l s  tFhe ~ i c c h e m i s t r y  o f  N U C ~ P ~ C  ~ c i d s '  8 
1 

e d i t i o n ,  1 9 7 6 ) .  Or! t h e  o t h e r  h a n d .  f r o m  t h e  l i m i t e d  

d a t a  -- a v a L l a b l e ,  n r ? i t h e r  + h e  unc-22  nor t h e  unc -54  



i n t r a g e c l c  d p s  -- d e m c n s t r a t e  - - -- s v i d e n c ?  0 2  m u t a t i o n a l  - 
hgtspots. Ancther  cr l t  icism i s  t h a t  the protein i 'self- 

B 

d may b e  i n s e 3 s i t i v e  yo amLno acid changes. A f i n a l  
r 

critfclsm d f  the t a r g e t  t h e o r y  i s  t h a t  s i n c e  t h e  h i g h ~ r  

o r d e r  o rgan l za t i o r ,  of D N A  i11 the cell is unknown, we 

cannot  be c e r t a i n  all g e n e s  are e q u a l l y  pccessible te 

(ii) T h e  resolving. power 3f genetic fine s:ructurP 

a n a l y s i s  i n  t h ~  nematode: Bearing i n  mtnd t h e  

c A L F c i s m s  I h a v e  ' s e a t e d  i n  ths p r e v i o u s  s s c t l o n ,  one 

can us9 the v a l u e  of 2 kb of DNA p e r  0.01 map unit t o  

make an sstLma'e of t h e  r s s o l v 2 n g  power cf t h e  m a p ~ i n g  

precedures used Tn this work, The two closest  a l l e l e s  
I 

&., , 
s o  f z r  r e s o l v e d  a r e  s16  and s8. T h e y  a r e  a b o u t  7.6 x - - 
1 0 - * ~ a p  anits a p a r t .  A first orde r  approkimat ion of 

4 their p h y s i c a l  s o p a r a t i o n  i s  160 ~ u c l e o  - r d e s .  It 

s h o u l d  be ernphas5zed L h i  160 n u c l e o t L d e s  I s  nc? 'he 

l i m i t  o f ' r e s o l n C _ F o ~  of  L 5 I s  system 1~13 th3t it is qui:~ 

possible ?c?%gx:end ?he resolution to a: l s a s t  4 0  

~ n c l e a t i d ~ s  simply by i n c r e a s i n g  the number cf 
6 

~ r a c t i c a l  l i m i - s  o f  this s y s ~ e a ,  To increase t 5 e  



scme of :he presen-z e q p o r t m e r t a l  c o n d i t i o n s .  Several 
* 

p o s s i b l e  naan lpu la ' , i cns  s r e  f s a s i b l e .  A t  p r e s e n t  f i n e  

s'._ruc"_ure m a p p i n g  i s  d o r , ~  a t  20 degrees C.  b u t  it is 

kcown ~ E s t  F n c r e a s i n g  759 temperature t o  26 d ~ g r e e s . C .  

will almost d o u b l e  the c r x s - o v e r  frequency i n  the 

nemazode (Rose m a  Eaillie, 1 3 7 3 1 ,  T h i s  same effect h a s  

been observeif in D r o s e p h i l a  ( P l o u g h ,  19  17) . Doing f i n e  

structure experiments a t  26 d e g r e e s  C .  should i n c r e a s e  

t h e  r e s o l u t i o n  a f ur 'her 'wo-fold. 

It would  b e  u s e f u l  i f  B s q l e c t l v e  system whereby 
1 

worms h o m o z y g o u s  for e i t h g r  allele b e i n g  examiced d i e  . 
o r  a r e  a? l e a s ?  slowea drwn in t h e i r  development 

contribution t h e  F2 

geneza t io  c. The m n t s t i q n  unc-43,  which maps 1.6 map 

u n l z s  to t h e  10f+ of nnc-22,  can be used in this way. 

A.s 2 d c o b l e  muta2t with unc -22  i t  h a i q a  p a r t i c u l a r l y  
5 A sa-vers pheno5ype  and grows v e r y  s l o w l y .  

Lethal and  c o n d L t i o n a 1  l e t h a l  m u t a t i o n s  c a n  be 

u ~ c - 5 ( e 1 5 2 )  stock ~ h a t  carries a ts egg  l e t h a l  t h a t  

:he lef? of nnc-22 ,  one can maks ths f o l l o w i n q  

etezczygote ,  
m - 



unc-5 (e152)  , t s ? , u n c - 2 2  (sx) ,dpy-4  (el 166)  /uric-U3'(.e266) ,unc-22 ( s y l  . 
If t h e  r e c c m b i n z t i o n  e x p e r i m e n t  i s  done  a t  26 d e g r e e s  

C.  b o t h  o f  '.he unc-22 h ~ ~ o z y g o u s  a l l e l e s  axe.  

effectively o l i m i n a t p  f rom c o n t r i b u t i n g  p r o g e n y  t c t h s  

F2 g e n e r a t i o n .  I n c r e a s i n g  the s a m p l e  size i n  t h i s  

macner i n c r e a s e s  - t h ~  r e s o l u t i o n  - - - - a - f u r t h e r  t w o - f o l d ,  - i f  

sx is ?o .*he  l o • ’ ?  o f  s y .  I f  sx i s  t o  t h e  r i g h t  o f  s y  - - - 3- 

'her a l l  w i l d - t y p ?  c r o s s - o v e r  c h r o m a t i d s  f o r  unc-22 

' w i l l  carry t h e  ts lei,Cal and i f  they s e g r e g a t e  w l t h  t h e  

chromatid c o n t a i n i n g  e l 5 2 , t s ? ,  s x ,  e 1 1  66  then t h a t  worm 

w i l l  d i o  a n d  t h e  e v e n t  w i l l  not b e  r e c o r d e d .  A ts 

m a t e r n a l  l e t h a l  would allow time t o  r e s c u e  t h e  

r e c o m b i n a n t  a n d  s h i f t  it down t o  13 d e g r e e s  C. This, 

way the r e c ~ m b i n a n t  c o u l d  be seen a n d  alsc p r o g e n y  
, -  

tes'ed. P r ~ l i m F n a r y  r e s u l t s  i n d i c a . t e  the ~ P C - 5  l i n k e d  
J 

l e t h a  1 m u t a t i o n  i s  a m a t e r n a l  l e t h a l .  

I 

A n o t h e r  possibility f o r  i n c r e a s i n g  t h e  r e s o l u t i o ? I  

Fs tg u s e  t h e  r e c o n b i n a t i o n  e n h a n c e r  (Rose  a n d  B a i l l i e ,  
- < 

1 9 7 9 )  . S t o c k s  homezygeus  f o r  t h e  e n h a n c e r  h a v e  afi 

increa sPd recombha t i m  f r e q u ~ e p  -Fins 5% r-=az+- 

mappi= eonld--in%*tltaw+z b a ~ k + o u L -  

U n f o r t u n a t e l y ,  ii- is nct  know^ i f  t h e  e n h a n c e r  

I ~ c r e a s e s  i n t r a g e n i c  r e c o m b i n a t i o n  a s  well a s  /" 

l n t e r g s c l c  r e c o m b i n a t i o n .  I f  i t . d o ? s ,  i n  c o m b i , n a t i c n  



A - - -- - -- - - - - 

wl'h i c c r e a s e d  t e m p e r a t u r e  a n d  a b a l a n c e d '  l e t h a l  

s y s t e m  t h e  r e s o l u t i o n  of t h i ~  s y s t e m  c o u l d  be i n c r e a s e d  . , 

by a n  o r d e r  of m a g n i t u d e .  

knother-possibility would  b e  to u s e  t h e  stcck 

sDf 1, ~eleiFm-map&g rmi+-h'n a gene i s  a po w 4 r f u l  t601 -- - 
3 

a n d  was v e r y  i m p c r t a n ?  ?.n fine s t r u c t u r e  m a p p i n g  i n  

H p r o c a r y o t e s  a n d  b a c t e r i o p h a g e ,  most 2 o t a b l y  in the rII - 
r e g i o n  o f  b a c t e r i o p h a g e  T 4 ,  a n d  a l s o  i n  t h e  t r y p t o ~ h a n  - 
an2  l a c to se  c p s r o n s  o f  Em c o l i  ( B e n z e r ,  1959 ,1961 ;  

: Nomura a a d  B e n z e r ,  1 3 6 1 ;  Y a n o f s k y  e? a l . ,  1 3 6 4 ;  
. 

B e c k w i t h ,  1 9 7 8 ) .  T h i s  t e c h n i q u e  h a s  been  u s e d  l i t t l e ,  

h o w e v e r ,  i n  e u c a r y o t e s .  This i s  p r i m a r i l y  becxuse 

i n ' r a g e n i c  d e f i c i e n c i e s  a r e  n o t  o n l y  d i f f i c u l t  t o  
> u -  

o b t a i n  b u t  a l s o  d t f f i c u l t  t o  c h a r a c t e r i z e .  The 

excep ' r i on  C_c t h i s  i s  y e a s t  where  d e l e t i o n  m a p p i n g  h a s  

been u s e d  e x t 2 n s i v e l y ,  mos t  n o t a b l y  i n  p o s i t i o n i n g  

' m u t a t i o n s  i n  t h e  HIS 4 c ~ m p l e x  (Fink a n d  S t y l s s ,  1 9 7 4 ) .  

D e l e t i o n s  h a v e  beec p u t  t o  l i m i t e d  u s e  i n  ~ r o s o p h i l a  t o  

a n a l y z e  t h e  o r g a n i z a t i o n  of t h e  c o m p l e x  l o c i ,  w h i t e ,  

\ 

' complGx i n t c  two  f u ~ c t i o n a l  p a r t s ,  a n d  n o t c h  h a s  Ren 
e - # i  . l o c a l i z e d  t o  s a l 5 v a r y  band ,  3C7, u s i n g  deficiencies 

( W e l s h o n s ,  1974 ;  H e l s h o r s  a n d  Keppy, 1375)  . An 



- - - 

i n 5 r i g u i n g  s t ~ d p  o f  t h l  a c h s e t e - s c u t e  complex h a s  k e e n  

. d o n s  w i t h  t h e  a i d  o f  d u p l i c a t i o n - d e f i c i e n c y  . 
6 

c o m b i c a ? i o n s  a n d  l e f t -  r i g h t  i n v e r s i o n  r e c o m b i n a n t s  

( H u l l ~ r ,  1935; H u l l e r  a n d  P r o k o f y e k a ,  1935 ;  

~ a r c i a - B e l l i d o ,  1 9 7 9 ) .  T h i s ,  h o w e v e r ,  Is a b o u t  the 

l i m i t  o f  t h e  u s e  sf d e f i c l e r \ . c i e s  i n  h i g h e r  e u c a r y o i s  ' 

f l n e  s t r u c t u r e  a n a l y s i s .  

S J h e t h e r  s D f l  ezds .w l?h in  +he u n c - 2 2  gene  i s  
2 -  

u n k n o w r ,  b u t  I t  d o e s  nc+ e x t e n d  into what i s  t h o u q h t  t o  

b e  + h e  a d j a c e n t  gene o n  the l e f t - h z n d  s i d e ,  l e t - 5 6 .  I f  

the d e f i c i e n c y  were shown t o  b r e a k  w i t h i n  the g e n e  i t  
I ' 

w o u l d  be u s e f u l  for i m p r c v i n g  t h e  r ~ s o l v i n g  powsr of 

+ h e  s y s t e m  a n d  f o r  a n a l y z i n g  tho l e ' t - h a n d  b o u n d a r y  of 

",he qene. To e x a m i n s  t h i s  p o s s i b i l i t y  t h e  h e t e r o z y g o t e  

u n c - 4 3 , u n c - 2 2  (sl6) /sDf 1 s h o u l d  b e  set u p  3 n d  the 

o f f s p r i n g  e x a m i n e d  f o r  w i l d - $ y p s  p r o g e n y ,  w h i c h  F f  
4 

f c u r i d ,  wou ld  c c c f t r m  t h a t  t h e  d e f i c i e n c y  d o e s  n o t  

extend t o  the ecd o f  the g e n e .  

! 

With t h e  s i m p l e  m o d i f i c s t i o n s  d e t a i l e d  h e r €  t h e  - 

r e s c l u - i o n  o+ the u n d - 2 2  qece c o u l d  b e  pushed  
A 

p r a c t i c a l l y  t c  ths ~ F n q l e  n u c l e o t i d e  l e v e l .  The work of  

Beozer (4959, 1361)  on the ~ I I  l o c u s  i n  T 4  first - - 
s u g g e s t e d  t h a t  t h e  basic u n i t  of r e c o m b i n a t i o n  is t h e  
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c r c s s l n g - o v e r  o r ig?na t , e s  3s  a d o n v e r s l o n  even t  (Bu  tst. 

~t a l e ,  1972 :  ~ a s ~ . l n ~ S ;  1975 ;  ~ a t c h e s i d e ,  1 3 7 7 ) .  I t s  
d 

d e t e c t i o r  ic C .  e l n g a n s  s h o u l d ,  t h s r e f ~ r e ,  n o t  come a s ,  
I i 

a -  s u r p r i s e .  Of I n ' e r e s t  fS t h a t  'he r a ' i o  of 

r - ~ c - r e c i p r o c a l  E v e n t s  tc r e c i p r o c a l  e v e n t s  i n  t h e  

n e m a t o d e  i s  much lower t h a n  has b e e n  f o u n d  i n  y e a s t  c r  
t 

, 
I 

ip D r o s o p h i l a .  H u r s t  e? a l .  ( 1 3 7 2 )  h a a s  f o u n d  ' h a t  h a l f  

o f  a l l  c o n v e r s L o c a r y  events + a r e  associated with+ a 

r e c i p r o c a l  r e c o m b i ' n e t i c n  F o r  

y e a s t .  ~ h o v n i c k  et a l .  ( 1 9 7 1 )  working o n  t h e  r o s y  
% 

l o c u s  i n  D r o s o p h i l a  h a v ~  c o n c l u d e d  t h a t  t h s  r a t i o  bf 

crosscver e v e n t s  to c o n ~ e r s i o n  e v e n t s  %s a r e f l e c t i o n  
t 

of ?he d i s t a n c s  between t w ~  a l l e l e s ,  t h e  closer + h e  

a l l e l e s ,  ?(he g r p a t e r  t h e  b i a s  t o w a r d  a c c n v e r s i o n  
b 

e v e ~ t .  O ~ l y  wkan a l l e l e s  were a t  t h e  extreme o p p o s i t e  

a d s  of  t h e  gcSne d i d  t h e y  f i n d  t h a t  r e c i p r o c a l  e v c n t s  
t 

o c c u r r e d  m e - h a l f  of  t h e  time. I n  the m a j o r i t y  of t h o  
L. 

cases r e c i p r o c a l  e v e n t s  wars much r a r a r .  I n  t h e  

n p m a t o d e  m y  o b s e r v a t i c n s  were q u i t e  t h e  reverse. I n  n o  

i 2 e r a n c e  d i d  thz c o n v e r t a n k s  a c c o u n t  for mere p a n  3 0 %  

o f  +he e x c e p ~ i o n a l  i n d i v i d u a l s .  A s s u m t n g  t h a t  

c r o s s o v e r s  a c d  c o n v e r t a n t s  hav4  t h e  same r e l a t i o n s h i p  

i n  t h e  n e m a t c d e  a s  in D r o s o p h i l a ,  t h e  o b v i o u s  

i m p l i c z t 5 , o n  c f  this d a t a  Is that t h e  u n c - 2 2  l o c u s  i s  

q u i t e  l a r q e .  





 TI^, detect acd p r o p s r l y  a n a l y s e  qzne c o n v e r s i o n  

r e q u i r e s  the r e c o v e r y  a n d  e x a m i n a t i o n  o f  e a c h  o f  'he 

f o u r  p r o d u c k s  o f  a s i n g l e  meiotic e v q n t .  This i s  why 

t h s  lower e u c a r y o t e s ,  p a r t i c u l a r l y  N e u r c s p o r a  a n d  

yees t ,  h a v e  b e e n  u s e d  t o  s t u d y  n o n - r e c i p r o c a l  e x c h a n g e .  

I n  l i 9 u  cf C_e'_rad a n a l y s i s ,  D r o s o p h l l a  wcrkers have 

J d e v e l o p 4  a system thrcugh which  t h e y  can  e x a m i n e  two 

o f  ?he f o u r  p - r c d u c t s  o f  a s i n g l e  meiot ic  even?. This i s  

the h a l f - t e t r a d  s y s t e m  w h i c h  makes  u s e  of a t t a c h e d - X  

and a t t a c h e d - a u t o s o m e s  t o  a n a l y z e  c o n v e r s i o n  e v e n t s  

( C h c v n l c k  et a l . ,  1370;  Smith et a l , ,  1 9 7 0 ;  ~ a l l a n t y n e  

a d  C h c v ~ i c k ,  1 9 7 1 ) .  The d e v e l o p m e n t  qf  a h a l f - t e t r a d  

s y s t e m  f o r  t h e  n e m a t o d e  wou ld  b e  s u s e f u l  c o n t r i b u t i o n .  

A t ,  p r e s e n t  U P  a r e  l i m i t e d  t o  a r andom a n a l y s i s  o f  

melotic e v e r + s  s i n c e  w e  can r e c o v e r  o n l y  o n e  of  t h s  
8 

p t c d u c ~ s  of a  single meiosis. 

P ~ r i o d i c a l l y  d a r i n g  t h e  f i n e  s t r u c t u r e  experiment 

c l o n e s  cf n o n - t w i t c h e r  worms were o b s e r v e d  o n  a s i n g l e  
L 

p l a ' _ e .  Howeve r ,  less  t h a n  one n o n - t w F c h e r  p e r  p l a t e  was 

e x p e c t e d ,  b s c z u s e  cf t h e  r a r i t y  of  r o c o m b i s a t i o n  

e v e n t s .  - T h e s e  ' b u r s t s  o f  n o n - t w i t c h e r s  c c c u r r e d  16 

times among t h e  1 0 4  p u t a t i v e  r e c o m b i n a n t s ,  a n d  were th+ 

r e s u l t  of  b o t h  r e c i p r o c 3 1  a n d  n o n - r e c i p r o c a l  ' e x c h a n g e  

(13  o f  16 s h o w e d  a n  e x c h a n g e  of  o u r s i d e  m a r k o r s )  . ? h e  
I # 



+-: - L L v i a l  e x p l a n a t i o c  is t h a t  ' h s s e  c l o n e s  were t h e *  
'. 

r e s u l t  of c r o s s i n g - o v e r  in t h e  F 1 g e n a e r a t i o r , .  T h i s  

e x p l a n a t i o n  i s  i n c a p a b l e  of a c c o u n t i n g  f o r  t h e  m a j c r i t y  

of t h e  o b s e r v a % i o n s  s l n c s  a n  F t  recombinant was n ~ t  

f o u n d  on m o s t  of  t h e  p l a t e s  a n d  t h e  b u r s t  s i z e  i n  most 

casss  was t o o  s m a l l  t o  b e  t h q  p r o g e n y  from a n  F 1  

r e c o m b t n ~ t n t .  T h e r e  is  t h s  p o s s i b i l i t y  these c l o n e s  were 

t h e  r e s u l t  of  a n  F 2  even:  a n d  rhat I wss e x a m i n i n g  the 

F 3  g e n e r a t i o n .  I d o  n o t  b a l i e v e  t h i s  was the c a s e  
2 

b e c a u s c  t h e  b r o o d  time was n o t  l o n q  e n o u g h  f o r  a t h i r d  

q e n e r z t i o n  t o  m a t u r s  a n d  n o n - t w i t c h e r  r e c c m b i n a n t s  d o  

PO? grow much faster t h a n  a twitcher ( see  F r g u r o  6 ) .  

A r 9 a s o n a b l e  h y p c t h e s i s  i s  t h a t  these b u r s t s  of  

n o c - Z w i t c h e r s  wore the r e s u l t  of m i t o t i c  e x c h a n g e s ' t h a t  

o c c u r r q d  d u r i n g  g a m e t o g e n e s i s .  T h i s  exchange c o u l d  h a v e  

o c c u r r e d  i n  a stem c e l l  i n v o l v 9 d  i n  s p e r m a t o g e n e s i s  o r  

o o g e n e s l s .  I n  + h e  g e w l y  h a t c h e d  L - 1  l a r v a  t h e r e  a r e  4 
i 

p r i m o r d i a l  c s l l s  w h i c h  l a y  dour? t h e  w h o l e  of- the 

r e p r o d u c t i v e  s y s t G m  ( N i g o n ,  1965;  H i r s h  e+ a l . ,  1976;  

K i m b l e  and H t r s h ,  1 9 7 9 ) .  i f  a t  a n y  t i m e  d u r i n g  thek a b 

development cf ?kis systetn o n e  of t h e  t w o  stem c e l l s  

i ~ v a l v s d  i n  g a m e t o g e n s s i s  u n d e r w e n t  a mi'otic e x c h a n g e  
b 0 

within t h e  u n c - 2 2  'gene - t h e n  t h e r e  would be a  50% chance 

t h a t  this stem c e l l  wou ld  b e  w i l d - t y p e  a t  t h s  unc -22  



l o c u s .  A l l  f u t u c s  o o c y t l s  fwm t h i s  c e l l  would  a l s c  be  

w i l d - t y p o .  

S i m i l a r  o b s e r v a t i o n s  were r s p o r t e d  f o r  D r o s o p h i l a  
0 

b u t  t h s  size o f  t h e  c l o n s s  were much smaller, u s u a l l y  

c o n ' a i n i n g  o n l y  two o r  t h r e e  I n d i v i d u a l s .  Differences 

i n  g o n a d  m o r p h o l o g y  betweon C. e l e g a n s  a n d  D .  - 
m e l e n o g a s t e r  may a c c o u n t  f o r  t h i s  d i f f e r e n c e  i n  c l c n e  

s i z e .  S m i t h  e +  a l .  . . (1970) f o u n d  t h a t  one of t h e 4 r  

n o n - r e c i p r o c a l  e v e n t s  a? t h e  m a r o o n - l i k e  l o c u s  in 

~ r o s o p h i l a  was t h ?  r e s u l t  o f  a b u r s t  a n d  c o r c l u d e d  t h a t  

this was d u e  Cc a i n t r a q a n i c  e v e n t  h a v i n g  o c c u r r e d  i n  

?he p r c v i o u s  g ~ n e r e ' r l o n .  B a l l a n t y n e  a n d  C h o v n i c k  ( 197 1 )  

r e p o r t e d  a s i m i l a r  c c c u r r c n c s  a t  Chs r o s y  l o c u s ,  a n d  - 
Co 

Chovnick et a l .  (1971 )  f o u n d  s e v e r a l  e x a m p l e s  of 

c l u s t e r i c q  !.n a l a r g e  ~ x p a r i m e n t  c n  r e c o m b i n a t i c n  a t  

the same l c c u s .  Tksy s x a r n l n e d  11 c l u s t e r s  of 2 

~ x c e p t i o ~ a l s  e a c h  a n d  f o u n d  t h a t  i n  5 c a s e s  + h e  t w o  

e x c e p t i s n a l s  were g e n e t i c a l l y  i d e n t i c a l  b u t  t h a t  i n  t h e  

o t h e r  6 the i n d i v i d u a l s  wers d i f f e r e n t .  C h o v n i c k  e t  a l .  

( 1 9 7 1 )  c o n c l u d s d  t h a t  t h e  c l u s t e r s  were ~ o t  . t h e  r e s u l t  

of  a p r ~ m e i o t i c  g o n i a l  mi to t i c  evsnt. I n  c o n t r a s t  t o  

t h i s ,  G ~ l b a r t  a n d  C h o v n i c k  ( 1 3 7 9 )  d u r i n g  a s t u d y  on 

u n e q u a l  c r c s s i n g - o v e r  i n  the r o s y  r e q i o n  f o u n d  three 

,'_andem d u p l i c a t i o n s  t h a t  a p p e a r e d  t o  be the r e s u l t  of  a 
- 
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- 
ir! de5ermlnicg t h e  g e n e t i c  o r g a n i z a t i o n  cf a l o c u s .  

f l i t o  t l c  r e c o m b i n a t i o n  i n  y e a s t  i s  increased wi'h 

u l t r a v i o l e t  ligh+ (Roman a n d  J a c c b ,  1358) o r  X-rays 

(Mannay a n d  M n r t i m e r ,  1964 )  a n d  i n  fact, t h i s  i s  p a r t  

of  t h e  s t a c d a r d  p r o c e d u r e  f o r  d c i n g  y e a s t  m i t o t i c  f i n e  

s t r u c t u r e  m a p p i n g .  P e r h a p s  t h i s  t e c h n i q u e  c o u l d  b e  

a d a p t e d  f o r  uss i n  the n e m a t o d e  i f  the o c c u r r e n c e  o f  

these c4us : e r ed  r e c o m b i n a n t s  c o u l d  b e  i n c r e a s e d  i n  the 

p r o g e n y  o f  a  h e t e r o a l l e l i c  worm by low levels of X-rays 

e p p l i e d  t o  t h e  p a r e n t .  T h i g  wou ld  be a n  a d d i t i o n a l  

m e t h o d  f o r  i n c r c e s L n g  t h o  r e s o l u t i c n  cf f i n e  s t r u c t u r e  

m e p p i ~ g  i~ C. ~ l s g a n s .  Howevsr, t h i s  i n c r e a s e  wou ld  

n o t  c c n f i r m  'ha''_ t h e s e  c l u s t e r s  a r e  t h e  r e s u l t  o f  

mTt6tic  evects  b e c s u s e  X - r a y s  a r e  a l s o  known t o  

i n c r e a s s  the m e i o t i c  r c c c m b i n a t o n  f r e q u e n c y  ( M u l l e r ,  

1 3 2 5 ) .  - 0 

How else m i g h t  c l u s t s r e d  r e c o m b i n a t i o n  d a t a  b e  

4 e x p l a i n l d ?  A p o s s i b l e 8  e x p l a n a t i o n  c o m e s  f r o m  

' ~ b s e r v a ' . i o n s  or, r ~ c c m b i n a t i o n  i n  D r o s o p h i l e  males. For 
r, 

a  l o n g  ?:me i t  wzs a s s u m e d  t h a ?  male r s c o m b i n a t i o n  d i d  

n o t  t a k e  p l ace  i n  D .  m e l a n o g a s t e r  (Miorgan, 1 9 1  4 )  . 
R e c e n t l y ,  h o w e v e r ,  many n a t u r a l  p o p u l a t i o n s  of - D .  

m e l a n o g a s t e r  were f o u n d  w h i c h ,  w h e n ,  c u t c r o s s e d ,  g2ve 



m a l e s  with a lzw l s v c l l  o f  r e c o m b i n a t i o n  ( H i r a i z u m i ,  . . 

1971 )  . O f  r e l e v a n c e  is :hat these males sometimes g a v e  

a  c1us:er o f  r ecomblna r .+_s .  , T h i s  o b s e r v a t i c n  was 

i n t e r p r e t e d  a s  i n d i c a t i n g  t h a t  male r s c o m b i n a t i o n  was 

Ar. s l t e r c s t i v e  t o  t h i s  i n t e r p r e t a t i o n  w a s  F ~ O F O S ~ ~  

by Her ,dezso9  e': a l .  ( 1 4 7 8 ) .  T h e i r  view i s  b a s e d  c n  
'e 

r e s u l t s  t h 4 y  o b t a i c e d  f r o m  a  s e r i e s  o f  o x p e r i m s n t c  7 
\ 

u s i n g  a t e t_e rozygous  p a r a c e n t r i c  i n v e r s i c n  m a l e  + 

r e c e m b i n i n q  stcck a n d  a n o n i n v s r t e d  marker g e n e  ma le  

r e c c m b i n i n g  s t c c k .   he e x p e r i m e n t a l  r a t i o n a l e  was t h a t ,  

5f r e c o m b i ~ a t i o 3  F n  males was l c o n v ~ n t i a n a l f  a n d  

p r ~ m e i o t i c  "_ken no ch rcmosome  a b e r r a 5 i o n s  s h o u l d  a p p e a r  

d u r i c g  m e i o s i s  Ir. e i t h e r  of these s t o L c k s .  I f  

r e c c m b i n e  t t o n  was t h e  r e s u l t  o f  a 1 c o n v o n ~ l o r 3 1 v  

r n p i o ~ i c  o v c ~ f  t h e n  the h c z e o z y g o u s  i n v e r s i o n  stock 

s h o u l d  g l v e  some cells t h a t  c o n t a i n e d  d i c e n t r i c  b r i d g e s  

a n d  f r a q m f c t s  (from c r c s o i r r g - o v e r  w l t h i n  the 

i n v e r s i o n ) ,  ihils the n o n i ~ v e r t s d  marksr s t o c k  s h o u l d  

a p p e a r  n o ~ m a l .  

I 

The r ~ s u f  t o  were s u r p r i s i n g ,  for they fonna t h a t  

a l l '  t h e  males t h a t  showed recoabFna t ion ,  whether  in ' 

Fnver s icr  h e t e r c z p g o t e s  c r  got, a ~ s c  h a d  a m p h a s e  
5+ 



chrcacsomal  d i s o = 3 o r s  a t  t h e  ae tapha&e  I s t a g e s  w h i c h  

Fndica5od  t h a t  ?!LC) breakage zr.d r e u n i - o n  events d i d  n c t  

cccur .I-u.-i.cg ~ r e m i e F c  g m i s f  mi tos is ,  Frcm these data 

which could resu l :  in kridgo fo r rna t lnc ,  f i a g m e n t ? t i c n  

T r  rec?mbic3tLen x c u r r e d  d u r i c q  m e i ~ s i s ,  a n d  t h a r  t h 9  

c l u s t e z i c q  9 f  r ~ c c a b F r 3 n t s  sus: be 'hs  result of s 

p r l  nary qocial cell d = n c r d e r  which subsequectly 

ce l l s .  The p ~ s s i b i l i t y  that r e c c m b l n a t L c n  clusters i n  

p (ii) Tte sssenl l ia l  genes In t h e  unc-22 r e g i c n :  The 

I s 'ka l  ziuta ' icr  a c s l y s i s  is : h ~  mcst difficult p a r t  of 

Lcccapie:e, B c q n b e r  e 2 conpleznenta?ion tssts a r e  s t i l l  



T h e  purpose 3f t h i s  porr-ion, of t h e  thes ls  was t o  
- - - - - -- -- 

t r y  and Identify % h e  genes  a d j a c e n t  to t h e  twitcher 
- - - - - - - f 

s j l e ,  ' 5  55termire t h e  d i s t a n c e  between these genes and 

ucc-22 a z d  f u r t h e r ,  t o  5 r y  and l sa tu raL , c l  2 l i m i t e d  
\ 

r ~ a l o n  arou2d u c c - 2 2  for m u t a t i o ~ a l  si%s. Some s u c c s s s  

with L_ .s firs? two cb jec t ives  was o b t a i n o d  b u t  t h e  i c o m p l e t  oc o f  t h e  t h i r d  objective needs t o  a w a i t  future 

z~s~arch, - 

Genetic a n a l y s ' i s  i d e n t i f i e s  the gepes adjacent to e, 

u r c - 2 2  tc~ be 1st-56 on ths Isft,  a n d  l e t - 5 2  on t h e  

Ff ,'ght. Judging .frqrn t h e  r e c o m b i c a t i o n a l  s i z e  of the 

l a c - 2 2  gene ( 0 . 0 1  to 0 . 0 2  map u n i t s )  these f l a n k i n q  
6 

cjeres zrE a s  c l o s l  r e c o ~ b l n a t i o n a l l y ,  a s  unc-22  i s  ir. 

1 e r g I t .  Hul+?L~le s i l e l i c  series ex i s t  i n  D r o s o p h l l a  

whLck c c c t a i c f l ~ ? h 3 l  a s  well a s  visible a l l e l e s  ( s e e  

YzZcrr?, 1 3 6 1  ; W+lshcrs ,  1365)  . B e c a u s e  t h e s e  t w o  l e t h a l  ?. 

su:e-.iqns m t F  sic close, t o  + h e  t w i t c h e r  s i t e  there is 

:tie p ~ s s i b i l i ' l y  " _ h a t ? t _ e y  a r e  l e t h a l  allelss o f  t h e  

' i l r c - 2 2  q f n e .  I b ~ l F e v e  this i s  rather u n l i k e l y  for the 

f s l l c w i n j  zcasuns .  Th€ BCS+ severe sf fect  a m u t a t i o n :  in 

m o t z t i o z ,  y e t  wazas h a r c z y g o u s  f o r  - s32 a r e  n o t  l e t h a l ,  



e g g s .  A s  well; +he dcminan*  mu+-?ti-on, m52; i s  nct - 
l e t h a l  when h o m c z y g o n s  a n d  y e t  is o b v 5 o u s l y  a v e r y  

5 

severe m u t a t i o n .  F u r t h e r ,  s i n c e  ''let-56 c o m p l e m e n t s  - 
- +? 

s D f l ,  we know %t must a l s o  c o m p l e m e n t  the unc-22  gene  

znd therefore ,  by d e f i n i t i o n ,  i t  forms a n  a d j a c e n t ,  yet 

seperate e s s e n t i a l  s i t e .  The l 2 t - 5 2  site has  n o t  b e e n  . 
defined a s  well a s  t h i s .  I f  a f i ~ e  structure experiment 

wers done  t c  d e m o ~ s t r a t +  that s 4 2  were f u r t h e r  t o  the - 
r i q h t  o f  - s 7  t h a n  - s 1 2 ,  t h e  a r g u m e n t  f d r  s 4 2  b e i n q  a - 

I 

separate gene would  be s t m s n g t h e n e d .  Thcsre is a 

p c s s i b i l i t y  t h e  let-52 s i te  Is a m u t a t i o n  i n  t h e  

;on?rol e l e m e n t  of +he unc -22  g e n e .  T h i s  a g a i n  seems 

unlikely s i ~ c e  i n  o t h e r  e u k a r y o t e s  c o n t r o l  e l e m e n t s  f o r  

g e n e c  h a v e  b e e n  f o u n d  i n t r a c t a b l e  % t o  m u t a g e n e s i s  ( C r ,  
* ,  

A .  c k o v s i c k  m a  D r .  F a  S h e r m a n ,  p e r s o n a l  

L, c o m m u n i c a t i o n )  . 

Mi?h t h o  p r e l i m i n a r y  i d e n t f  f i c a t i o n  o f  the 

ad jzcen t  g e n e s  t o  ?he 5 w i t c h e r  site, t h e  c b v i o u s  query  
! 
\ Fs w h e t h e r  t h e i r  p o s i t i o n  near t h e  unc -22  s i t e  m&ans 

?hey Ezve s c m e  special r e l a t i o n s h i p  t o  t h a t  gene? 
- - 

C b s e r v z t i o n s  of t h e  h c m o z y g o u s  d o u b l e  m u t a n t s  

l e i - 5 6 , u n c - 2 2  a n d  l e t - 5 2 , u n c - 2 2  d i d  n a t  r e v e a l  any 

a b v i o u s  i n t e r a c t i o n  between t h e s e  si+es ( u n l i k e  ths 



m u t a t i o n  s65 w h i c h ,  when h o m a z ~ g o u s  w i t h ' u n c - 2 2 ,  5,s n o t  @ - 
only l e t h a l  b u t  a l s c  s u p p r e s s e s  . t w i ? d h l n g  ic t h ~  d c u b l e  

m u t a n t ) .  T h i s  d o e s  n ~ t  mean no i n t e r a c t i o n  o c c u r s  

between these t h r e e  genes b u t  o n l y  t h a t  it i s  n c t  

e a s i l y  d i s c e r n a b l ~ .  P e r h a p s  o n e  a p p r o a c h  t o  

i n v o s t l g a t l n g  t h e  relations hi^ of these t h r e e  s i t e s  

wou ld  be  t o  e x a m i n €  t h  : homozygous  let-?,uric-22 

m u t a t i o n s  I n  a n  unc -54  (s74)  b a c k g r o u n d .  My work 

i n d l c a  !es g e n e  F r o d u c t s  of unc -22  a n d  

i n t e r a c t .  P o s s i b l y  u n c - 5 4  a n d  t h e  e s s e n t i a l  s i t e s  i n  

+his r e g i o n  a l s c  i n t e r a c t .  
4 

I - 
Ir. a ( r s g i c n  1 . 5  map units to e i t h r r  s i d e  of the 

t w i t c h e r  I i d e n t i f i e d  a t  l e a s t  n i ~ e  e s s e n t i a l  s i t e s .  

F i v e  of  t h e s e  w e r ~  w i t h l n ' 0 . 5  map u n i t s -  cf t h s  unc -22  I, 

g e n e  a n d  f o u r  of t h s s e  were u n c o v e r e d  b y  sDf 2. T h e s e  - 
f o u r  l e t h a l  m u t a t i o n s  a n d  t h e i r  times o f  b l o c k i n g  

developmqn': ar5 :  l e t - 5  9 (s49) b l o c k i n q  i n  t h e  L - 1 ,  

b l o c k i n g  I n  the b l o c k i n g  ' 

i n  t h s  I,-1 a n d  let-60(s53) which b l o c k s  in e i t h e r  t h e  

L-2 o r  L-3. The m u t a t i o n s  s 4 2 ,  s49 a n d  s 5 9  a r e  - -  - 
c o ~ s l d e r e d  t h e  c a n a n i c a l  alleles of their r e s p e c t i v e  

g e n e s  b s c a u s e  when h e m i z y g o u s  these m u t a n t s  d i d  n o t  

b l c c k  a n y  e a r l i e r  i n  d e v e l o p m e n t .  On t h e  c t h e r  h a n d  t h e  

a l l e l e  - s 4 6  when h e m i z y g o u s  b l o c k e d  i n  the L-3  which 
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s v a n  a small r5gion for m u t a t i o n a l  sites (Hochman, 

1971, 1976;  ~ n d d  2': a l e ,  9372; O ' D o n n e l l  e t  af.., 1377; 
1 

Woodruf f  a n d  Ashburner, 1979)  . Part of the p r o b l e m  

stems f rom t h e  f a c t  t h a t  d i f f 2 r e c t  s i tss w i t h i n  a 
i. 

r e q i o c  h a v e  d i f f e r e n t  f o r w a r d  ' m u t a t i o n  ra tes .  F o r  
\ 2 - 

example  l o c u s  2 on  ch romosome  4 of D r o s o p h i l a  a c c o u n t e d  

f o r  20% o f  211  l e t h a l  4 m u t a t i o n s  (Hochman, 1971), a n d  

- zwl on :he X-chromosome a c c o u n t e d  f o r  25% of a l l  the - 
l e t h a l  m u r a t i o n s  which were s p r e a d  o v e r  12 lethal 

c o m p l e m e n t z ' i o n  g r o u p s  b e t w e e n  zeste ( z )  a n d  white ( w )  

( J u d d  et a l e ,  1 9 7 2 ) ,  a n d  f i n a l l y ,  p i c c o l o ,  a m u t a k i o n  

n e a r  r o s y  o n  ch romosome  3 o f  D r o s o p h f l a  a c c o u n t e d  f o r  - 
1/3 ~f a l l  the l e t h 3 1  m u t a t i o n s  i n  t h i s  ayes, a l t h c u g h  

there were F a r  nor+ t h a n  3 a s s e n t i a l  sites i n  t h e  

reqicr! ( D r .  A e  p e r s o n a l  c o m m u n ~ c a t i o n )  . 
T h e r e f o r e ,  ' h e r e  Is t h e  p o s s i b i l i t y  o f '  e s s e n t i a l  sites 

e x l s t i n g  I n  the unc -22  reqion w i t h  v e r y  low f o r w a r d  

mutation races, a q d  w i t h  a  s a m p l e  s i z 2  of  o n l y  3 0 9 4  

c h r o m o s o m e s  I c o u l d  very well h a v e  m i s s e d  t h e m .  

a 
J 3 

. T h e  other p a r t  of the p r o b l e m  w i e h  c a l c u l a t i n g  the 
J 

r u m b e r  of g e n e s  i n  'he o r g a n z s m  from a n  e s t i m a t e  o f  t h e  
- 

number of  g s r ; e s  i r  a s m a l l  r s g i o n  i s  t h a t  it i s  almost 

Fmpos s i b l e  + c  s c r e e n  s p s t s m a t i c a l l y  f o r  a l l  p o s s i b l e  
* '. 

t y p e s  o f  e s s e r , t i a l ,  v i s l k l e , ,  b i o c h e m i c a l ,  b e h a v i o u r a l ,  



and  f e r t i l i t y  m u g a n t s  ? h a t  may map wlt.hih a s m a l l  
i 

genetic r e g i o n .   his p r o b l e m  h3s been asmply i l l u s t r a t e d  

Ir! t h e  zes te -whi te  regtor? of D r o s o p h i l a  whBre t h e  c l o c k  

m u t a n t s  ( p e r )  ( ~ b n o p k a  a n d  B e n z e r ,  1371)  a n d  o t h e r  nan-  - 
e s s e n t i a l  s e q u e x e s  (Ycung a n d  J u d d ,  1979) w&re f o u n d  , 

a f t e r  the i n i t i a l  s t u d y  h3d s u p p o s e d l y  * s ' a t u r a t 3 d 1  t h e  I 

L 

r e g i o n  for m u t a t i c n a l  sites. I h a v e  l o o k e d  f o r  

r e c e s s i v e  l e t h a l ,  v i s ik l* ,  f s m a l e  s t e r i l e ,  m a t e , r c a l  
1 - 

i 

l e t h a l  a n d  g r a n d c h i l d l e s s  m u t a t i o n s  i n  t h e - u n c - 2 2  

zegion, b u t  this h a r d l y  e x h a u s t s  t h e  p s s i b l e  g k n o s  , 

t h a t  may map h e r e .  T h e r e  a r e  s z v e r a l  m u t a t i o n s  i n  t h e  - 

worm w i t h  s u b t l ?  o r  c o n d i t i o n a l  p h e n o t y p e s  w h i c h  I 

wou ld  h a v e  m i s s o d  i n  my m u t a t i o n  s t u d i e s ,  f o r  ~ x a m ~ l e ,  

1 t h e  d a u e r l a r v a e  ( d a f )  rnu7 ; l t i ons  ( R i d d l e ,  i 9 7 6 ) ,  ' h h s  

c a + e c h o l a m l ~ e  ( c z t )  m u t s - i o n s  ( S u l s t o n  e+ a l . ,  1 3 7 6 )  , 
.d , 

a n d  t h e  f l o u r e s c p n t  g u t  c e l l  m u t a t i o n s  ( f l u )  (Babu  a n d  

Bremer, 1 9 7 4 ) ,  t~ Rame o n l y  a  few. To c o n c l u d e  t h e n ,  

my e s t l m a t e  of  10  genes i n  t h i s  o n e  map u n i t  i n t e r v a S  
- 0  

a r o u n d  u n c - 2 2  i s  p r a b a b l y  a n  u n d e r e s t i m a t e .  

L 
T h e r e  i s  a l s o  a p r c ~ b l e m  i n  t r y i n g  t o  e s t i . m a + e  t h e  

number  of  genes i n  C. e l e g a n s  b e c a u s e  of  r e g i o n a l  
\ 

d i f f e r e n c e s  i n  gene d e n s i t y .  B a i l l i e  a n d  Rose ( 1 9 7 3 )  
< - .  

~ s t i m a t e d  t h a t  s migimum of 15 l e t h a l  a n d  7 v i s i b l e  

si'es lie within one  ma^ u n i t  s u r r o u n d i n g  unc-15:This 
' t .  
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e s s e g t l a l  i f  we a r e  t o  u n d e r s t a n d  -,he r e g u l a t i c n  o f  --- 

geries 3rd how t h o y  i n t e r a c t  i n  c o ~ t r o l l i n g  d e v e l o p m e n t .  

(v ) ,  F u n c t i o n  o f  the unc -22  qene  p r o d u c t  a n d  i t s  

F n t e r a c ~ i o n  with t h e  unc -54  gene :  A s  p o i n t e d  o u t  
* 

earlier ( R e s u l t s  I V )  t h o  r o l e  of t h e  u n c - 2 2  gene  i n  the 

1 F f e - h i s t o r y  o f  C. ~ l e q a n s  i s  unknown. T h e  

p h a r m a c o l o g i c a l ,  m o r p h c l o q i c a l  a n d  g e n e t i c  e v i d e n c e  

i n d i c a t e s  t h a t  t h e  uric-22 gene p r o d u c t  I s  i o c a t e d  

w i t h i n  the m u s c l e  c e l l s  s c d  h a s  a f u n c t t o n  i n  m u s c l e  

c c n t r a c t i o n .  To s u m m a r i z e  t h i s  e v i d e n c e ;  i t  i s  known 

t h a t  i s o l a t e d  m u s c l e  p r e p a r a t i o n s  from unc-22  m u + a n t s  

will c o a t i r u e  t o  t w i t c h ,  a n d  t h a t  n e i t h e r  n i c o t i n e ,  n o r  I A 

o u b a i n  ( D r .  J .  L e w i s ,  p e r s o n a l  c o m m u n i c a t i o n ) ,  a r e  

c a p a b l s  o f  inhibiting t w i t c h i n g  i n  unc -22  - m u t a n t s .  The  

cnly way I h a v q  f o u n d  to s t o p  t h e  t w i t c h i n g  i n  a wcrm 

homozygous  f o r  an  u n c - 2 2  m u t a t i o n  i s  t o  d e p l e t e  o r  

a l t e r  t h o  uric-54 gene p r o d u c t ,  m y o s i n .  E l i m i n a t i n g  t h e  

t w i t c h  by d e p l e t i n g  t h e  unc -54  gene p r o d u c t  c a n  b e  

- p a r t i a l l y  circumvented b y  increasing the other 

b o a y - w a l l  m y c s i n  ( d o n e  b y  u s i n g  t h e  s u p - 3  m u t a t i o n ) .  

The  p r o b l e m ,  thsrefore ,  seems t o  l i e  somewhere b e t w e e n  
%" 

+fie n u s c l e  c e l l  membrane  a n d  the r n y o s i n / a c t i n  

c o n t r a c t i l e  c o m p l o x ;  



The e l e c t r o n  m i c r o s c o p i c  (EM) s t u d i e s  o f  D r .  R. H.  

W a t e r s t o n  ( p e r s o n a l  c o m m u n i c a t i o n )  may o f f e r  a  c l u e  a s  

t o  t h e  F n t r a c e l l u l e r  l o c a t i o n  o f  t h e  u n c - 2 2  g e n e  

p r o d u c t .  On e x a m i n i n g  c r o s s - s e c t i o n s  o f  d i f f e r e n t  

unc-22 a l l e l e s  he f i n d s  t h e y  v a r y  i n  t h e i r  d e g r s e  o f  

m u s c l e  d i s o r g a n i z s t  i o n ,  b u t  t h e  c o n s t a r ? ?  among the 

d i f f e r e n t  a l l e l e s  i s  t h a t  a l l  d i s p l a y  a  s imi la r  

d i s o r d e r  o f  the s a r c o p l a s m i c  r e t i c u l u m  ( S R ) ,  a c l o s e d  

c o m p a r t m e n t  w i t h l n  t h e  m u s c l e  c e l l .  The SR i s  

s p e c i a l i z e d  f o r  t h n  b i n d i n g  a n d  r e l e a s e  o f  c a l c i u m  ( f o r  

r e v i e w s ,  see f l a r t o n o s i  , 1 3 7 1  ; MacLecnan a n d  H o l l a n d ,  

1 9 7 5 ) ,  and i n  m u s c l e  c e l l s ,  c o n t r a c t i o n  i s  r e g u l a t e d  b y  

t h e  i n t r a c e l l u l a r  c a l c i u m  c o n c e n t r a t i o n  (Weber a n d  

W i n i c u r ,  1 3 6 1 ) .  I t i s  c u r r e n t l y  t h o u g h t  t h a t  t h e  SR 

s t o r e s  c a l c i u m  i n  = e l a x e d  m u s c l e  a n d  r e l e a s e s  i t  i n t o  

t h e  s a r c o p l a s m  upon d e p c l a r i z a t i o n  o f  t h e  c e l l  

membrane a n d  t h e  t r a n s v e r s e  t u b u l a r  s y s t e m  ( i i e b e r ,  

1 9 6 6 ) .  The c a l c i u m  t h e n  i n t e r a c t s  w i t h  t h e  a c t o m y o s f n  

c o m p l e x  t o  ' r i g g e r  c o n t r a c t i o n .  T h e  a c t u a l  s i t e  o f  

a c t i o n  o f  c a l c i u m  may b e  on e i t h e r  m y o s i n  

 endri rick-Jones et a l .  , 1370)  , t h e  t h i n  f i l a m e n t  

A , roporiin ( E b a s h i  e t  a l . ,  1 3 6 7 ) ,  o r  b o t h ,  (Lehman e t  

a l . ,  1972;  L ~ h m a n  a n d  S v o n t - G y o r g y i ,  1 9 7 5 ) .  Which o f  

t h e s e  t y p e s  o f  c a l c i u m  r e g u l a t i o n  is  ~ m p l o y e d  d s p e n d s  

on t h e  o r g a n i s m  a n d  t h e  m u s c l e  t y p e ,  v e r t e b r a t e  a n d  



a r t h r o p o d  m u s c l e s  h a v i n g  t h i n  f i l a m e n t  r o g u l a t i y n ,  

m o l l u s c a ~  m u n c l s  u s i n g  t h i c k  f i l a m e n t  r e g u l a t i c n ,  and  

p e l y c h a e + e s ,  some i n s e c t s  a n d  n e m a t c d e s  d i s p l a y i n g  
. , 

t h i c k  a n d  t h i n  f i l a m e n t  r e g u l a t i o n  (Lehman e t  a l . ,  

1 3 7 2 ;  Leh'man a n d  S v e n t - G y o r q y i ,  1375: H a r r i s  st a l , ,  

1977)  . I* c a n  b e  s e e n  frslm t h i s ,  that s, d i s o r d e r  i n  "hhs 

SR t h a t  i n c r e a s e d  t h e  l e v e l  o f  c a l c i u m  5n t h e  * 

s a r c o p l a s m  c o u l d  i n d u c e  a m u s c l e  c ~ n t r a c t i o n .  
*+- , -  * 

Ths d l s c r d 5 r  i n d u c e d  b y  t h e  unc-22  m u t a t i o n s  is 

mor9 c o m p l i c a t e d  t h a n  a  s i m p l e  c o 2 t r a c t i o n .  I t  i s  a 

c m t i n u & a  c y c l e  of  contraction a n d  r e l a x a t i o n ,  a n d  A 

+ h i s  c y c l e  c a n  be s u p e r i m p o s e d  o n  m 4 u s c l e s  w h e t h e r  t h e y  

a r e  enqaqed i n  movement c r  n o t .  x h i s  s u g g e s t s  t h a t  t h e  

t w l t c h i n q  i s  i n v ~ f v e d  i n  c o n t r o l l i n q  m u s c l e  t o n e  r a t h e r  
. +. 

'han i r !  c o n + . r o l l i n g  m c v e m e ~ ~ ' ~ ~ e r  se. To p o s t u l a t e  how 

s u c h  a  c y c l e  c m l d '  be  i n d u c e d  by a n  SR d i s c l r d e r  i t  i s  

n e c , e s s a r y  t o  kncw more a b o u t  the o r q a n i z a t i o r !  o f  the 

SR. The SR m a i n t a i n s  t h e  l o w  i n t r a c a l l u l a r  c a l c i u m  
- 

co r - cen t r a t i on  c f  r e s t i n q  m u s c l e  ' b y  means of  a n  
I 

ATP-dependent c a l c i u m  pump (Ebashi a n d  L ipmann ,  1 3 6 2 ) .  

The p r o t e i c s  of t h e  r a h b i t  skeletal m u s c l e  SR involved 

with c a l c i u m  t r a n s a o r t  have been i d e n t i f i s d  ( f l&ennan 
- 

et a l . ,  1 9 7 2 ;  HacLennan  a n d  ~ o l l a n d ,  1375) .  These a r e ,  

a n  A T P a s s  cf 102 ,000  m o l e c u l a r  weigh*, a n  acidic 





i 

s t u d 5  e s )  w h l c h  s u g g e s t s  3 p o s s i b l e  e n z y m a t i c  f u n c t i o n  ,' 

w h i l e  the pccr s u D p r e s s i ~ n  o f  5 3 2  b y  s u p - 5  s u g g e s ? ~  - 
the+ the unc -22  ga3e p r o d u c t . k  r a q u i r e d  

S r e n n e r ,  1 ' 3 7 8 ) ,  a s  d o ~ s  th? isolatio~ o f  3 dominant  

muta ' ion a c d  th? c o n d i ? i o n a l  d o m i n a n c e  of t h e  other c - 

T h e r ~  a r e  p r ~ b l e m s  w i t h  t h i s  mode l .  T h e  f i r s t  

l a c k s  a l l  t h e  SR ATPasn the2  why i s  s32. no5 rigidly - 
p a r a l y z s d ?  B u t  w h a t  if t h e r e  were two SR ATPasss, and 

t h e  s e c o n d  A T P s s e  c o u l d  p a r t i a l l y  c o m p e n s a % e  for t h e  

absence of t h o ,  first? Ih? evidence I n  f a v o u r  of  t h e  two* 
I 

e nzyme  i c t e r p r o t a t l o n  i s  C h a t  m u t a t i o n s  I n  two g e n e s  in 

t h e  n e m a t o d e  c a n  i r d u c e  t w i t c h i n g ,  unc -22  end l e v -  11. 

S h c e  L_wo myosin f i e a v y  c h q i n s  h a v e  been f c u n d  w i t h i n  a 

s i n g l e  m u s c l e  c e l l  (Epsteln e t  a l . ,  1 9 7 Q ;  HacLeod et 

a l e ,  1 3 7 7 ;  S c h a c h a t  e t  a l . ,  1 3 7 7 ;  r a c k e n z i e  e t  a l , ,  

. 1 9 7 8 ) ,  t k i s  i s  n o t  ar! u c t e n a b l e  s u g g e s t i o n ,  I t  d o e s ,  

h o w e v e r ,  p r a a i c t  that an' unc-22 ( ~ 3 2 )  ; lev- I I worm s h o u l d  

b e  zigtdly p a r a f y z e a ,  T h e m  is anothqr prcblsm in 

a s s u m i n g  the p r i m a r y  d i s o r d ~ r  c a u s e d  by the unc-22 

n u t a t i c n s  is i n c r e a s o d  c a l c i u m  c o n c e n t r a t i o n  i n  t h e  
i' 

s a r c o p l a s m .  T h e  p r o p o s a l  c a n n o +  e x p l a i n  why worms , 

4 



5omozygous t o r  a.. u ~ c -  2 2  mutation c a n  still continue to 

' w i t c h  in 7 %  n i c ~ ~ t i n e ,  although being z i g i d l y  

p a r a l y z s d .  I f  t u i ? c h i n g  is the4 result of a slight 

leakage o f  calcium i n t c  tho sa rcop lasmrd  then the 

d e p o l a r i z a t i o n  cf the muscle cell cu'er membrane a n d  

, the T-systom b y  rlcorine should flood the sarcoplaam 

calcium 353 unc -22  induced t w i t c h i n g  

of the ;.,ctomyosir? ccmplex, Therefore, unc-22 worms 

shcula a p p e a r  r i g i 3 l y  ~ a r a l y z e 3  in n i c o t i n e .  T h i s  is 

n o t  t h e  c a s e  an3  so I t h i n k  it is n5cossary  to 

r e e x a n i n e  e x a c t l y  b c v  s ausc le  can t w i t c h .  

There a p p c 3 r s  $0 ~ r z v a t l  amcng i 2 v s s t i q s t o r s  cf - C. 

induce z w i t c h i t g  b y  c a u s h g  small c c n ~ r a c ~ l o ~ s  i n  the 
> 

ac-9myosLn comulex. l b i s  is w h y  -he mcde l  cf e x c e s s  

calcium ~ r i q g e r i a g  a c o n t r a c $ i o n  e v e n t  a p p e a r s  

a t t r a c t i v e .  Buy v h a t  F f  we 'urn t h i s  arcund a n d  I n s t s a d  

t y p c t h e s i z e  thet +%E ukc-22 n u t a i i o c s  cause ; w i t c h i n g  

by r s l e x i n g  tEs ~ycsin/aciin i n t e r a c t i o n ?  In a t h e r  

iwc. T h i s  : z + e r ~ r e t _ a t i o n  zgrees w i t h  t h e  nicr,+. . ino 

resul 's a n d  is n o t  i~ dlsagreemenr w i t h  any of t h e  



c r e d e n c e  t o  thls p r o p o s a l .  H e  h a s  f o u n d  t h s t  unc -22  a n d  

lev-1 1 m n t a t i o f i s  a c t  a s  s u p p r e s o r s  of soms  of the dumpy 

geces. ~ I o  a l s o  f i n , d s  t h 3 t  1.0-5 H l e v a m i s o l a  p r o d u c e s  
G t  

a dumpy p h e o o c o p y  ( t h e  same o c c u r s  w i t h  n i c k i n e )  a n d  

tkz? iqv-11 a n d  .uzlc-22 s u p p r e s s  t h i s  d r u g - i n d u c e d  , 

--dumpiness. We cur icLmikr  f ~ o m  t b s e  o b s e r v a t i o n s  t h a t  
P 

sever21 cf the. dumpy genes c a u s e  h y p e r c o n t r a c t i o n  cf 

:he ac:om~osln coniplex. I f  unc-22  m u t a t i o n s  i n d u c e  

' - z g s i e r t  - - c o ~ ? r a c t l m s ,  i t  is d i f f i c u l t  t c  u n d e r s t a n d  

how -k+y s u p p r e s s  e. dumpy p h e n o t y p s .  O n  t h s  o t h e r  h a n d ,  

if u-c-22 muta+ions czuse r t l a x a t i o n  of  t h e  c o n t r a c t i l e  

complex, this m i g h r  p z r t i a l l y  r ~ l i e v e  'he dumpy . 

Although nuch  Is known a b o u t  c o n t r a c t i l e  p r c t e i n s  

i n  muscle, ?he  pr~cise way in which  a  m u s c l e  c o n t r a c t s  

is  still pcoriy u r d a r s t o o d ,  ' ( s q u i r e ,  1375;  narnherz  a n d  

Gocdy, f 3 7 6 )  . T h i s  is d u e  to our l a c k  o f  u n d e r s t a n d i n g  

o f  the e v e p t s  cccz r r i cg  i n  +,he myosin h e a d  d u r i n g  the 

s?ages of ATP h y d r o l y s i s  ( H n x l a y ,  1 3 7 2 ) .  I f  the unc-22  ' 

-- 3ece produc? h a s  a r o l e  i n  s % a b i l i z i n g  the a c t o m y o s i n  
- -- 

c o n p i r x  rr thez  t h a n  i n  s< i .u la< ing  i t ,  t h e n  one 

p r o t e l r ,  I f  presEnt  i n  t h 2  n e m a t o d e ,  s h o u l d  be 



- 

c o n s L d e r e d .  T h i s  i s  t d o  C - p r o t e i n  w.hich h a s  a m o l e c u l a r .  
2 * P ? - - 

weight of 140,000 a n d 3 i n a s  v e r y  s t r o n g l y  t o  the r.cd 

por ' . icn o f  r a b b i t  s k e l e t a l  m y o s i n  a t  l o w  i o n i c '  s t r e n g t h  

(Offer, 1 9 7 2 ;  fiocs cst a l . ,  1375) . T h e  r o l e  of  t h i s  

p r c t r i n  i n  m u s c l e  s i r u c t u r e  a n d  f u n c t i o n  i s  unkncyn b u t  
a3 

. . there 3 a s  b e e n  s p e c u l a t i o n  t h a -  ~t is p a r t  o f  the 
' 0 

mechanism f o r  c o n t r o l l i n g  c o n t o r m a t i o n a l  c h a n g e r  i n  the 

f hLck f i l a m % n + . s  +o a l l o w  f o ~  a c t i n / m y o s i n  b i n d . i n g  'I 

i (Offer, 1 9 7 2 )  . 

~ d m i t z e d l y ,  these s p e c u l a t i o n s  o-fi t h e  r o l e  of t h e  % 

I unc -22  g e n e  p r o d u c t  i n  C. e l 9 g a n s .  a r e  b a s e d  on t e n u o u s  

d a t a ,  b u t  the p o s s i b i l i ~ i e s  'are i n t r i g u i n g  acd s h o u l d  

b e  ~ x p l o r e d .  W h e t h e r  t h 5 s e  m u t a t i o n s  induce c o n t r a c t i o n  

o r  r e l a x a t i o n  i s  unknown a l t h o u g h ,  i n  my c p i o i o n ' ,  t h e  

present e v L d e n c , ~  f a v o u r s  t h e  Lister v i e w .  T h e  
- 

bicchemical  c h a r a c t e r i z a t i o n  of the u n c - 2 2  gene  p r o d u c t  

should c o n c l u s i v e l y  d e c i d e  w h i c h  v i e w  i s  cqrrect. 

% 

T h e  d i s c o v e r y  o f  a new c L a s s  of m u t a t i o n s  

a f f e c t i n g  f u r t h e r  s u g g e s t s  t h a t  t h e  unc-22 g e n e  

p r c d u c t  i s  i n t i m a t e l y  i n v o l v e d  i n  the c o n t r a c t i l e  - -  
- 

p r a c o s s .  The int.=raction of unc -54  a n d  u'nc-22 i s  a n  
1 -- 

e x z m p l e  o f  i n d i r ~ c t  s u p p r e s s i o n .  A case of i n d i r e c t  

s n p p r e s s i o n  h a s  p r e v i o u s l y  b e e n  r e p o r t r d  f o r  C.  e l e q a n s  
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TO test t h i s  p o g s i b i l i t y  the s 7 4  a l l e l e  h a s  b e e n  - 
x mapped i n t r s c i s t r o n i c a l l y .  A f i n e  s t r u c t u r e  map of 

s e v e r a l  b i r e f r i n g e n c e  n s g a t i v e  unc-  54 2 l l e les  h a s  been  

c o r , s t r u c t e d  ( D r .  2 .  H. U a t e r s t o n , ~  p s r s o n a l  , . 

c o m m u n i c a t i o n )  . A t  o n e  end  o f  t h i s  map Is 6 6 7 5 ,  a n  

slule with a n  internal d e l e t i o n  i n  its m y c s i n  near ' t h e  

c a r b c x y l  t e r m i n u s  of  t h e  m o i s c u l e  ( H a c l e o d  et a l . ,  

1977)  . T h i s  s h o r L s n e d  m y o s i n  still r s t a l n s  f ts ATPase 

a c t i v i t y  ( E p t e i n  e t  a l . ,  1 9 7 4 ;  Harr i s  a n d  E p s t s i n ,  , J 

/ 

1 9 7 7 )  . A n o t h e r  a l l e l e  o n ,  this map i s  t h e .  a l l e l e  e l  90 

w h i c h  Is the a l l e l e  r e l s t i v e  t o  w h i c h  I mapped s 7 4 .  - 
Because o f  t h e  c o m p ~ i c a t ~ o n s  of r s c i p r o c a l  a n d  

n o n - r e c i p r o c a l  exchanges f o r  f l a n k i n g  m a r k e r s  ( C h o v n i c k  

e t  a l . ,  1 9 7 1 ;  Moerman a n d   aill lie, 1 9 7 9 , )  I am not 

c e r t a i n  i f  s 7 4  is t o  t h e  l e f t  o r  t o  the right o f  e 1 9 0 .  - - 
  ow ever, it i s  s e p a r a b l e  from e l 9 0  a n d  the d i s t a n c e  is 

c o m p a t i b l e  with - s 7 4  b e i n g  a m u t a t i o n  i n  t h e  a m i n o  

pcrticn o f  'he m o l e c u l e .  If t h i s  i s  correct  t h e n  we 

know +he d i r e c ~ i o n  of t z a n s c r i p t i o n  f o r  the unc -54  
% t 

a ,  g e ? ~ ,  From t h e  low f o r w a r d  m u t a t i o n  r a t e ,  a p p r ~ x i m a t e l y  

10-5, f o r  the i n d u c t i o n  o f  m u t z t i o n s  of t h i s  t y p e ,  a s  

c o m p a r e d  t o  t h e  a v e r a g e  f o r w a r d  m u t a t i o n  r a t e  p e r  g e n e ,  



5 x 10 -+  - - ( B r e n n e r ,  1 3 7 4 ) ,  I s u s p e c t  t h a t  the c t h - e r  - - - - -  

m u t a t i o n s  of  t h i s  c l a s s  w i l l  b e  l o c a l i z e d  t o  t h e  same 

r e g i o n  o f  t h e  unc-54 gens  a s  s 7 4 .  - 
I 

\ 

a 
T h e r ~  a r e  many ways ir, which. t h e s e  m u t a t i o n s  c o u l d  

b c a u s e  a i s r u p t i c n s  i n  c c x t r a c t i o c .  I+ i s  t h e  b i n d l n g  o f  
, 

ATP t o  the a c t 9 m y o s i n  complex t h a t  c a u s e s  t h e  , 
0 

d 5 s s o c i a t o n  o f  sc ' in  a n d  m y o s i n .  T h i s  i s  f o l l o w e d  b y  

t h e  c l e a v a g e  a f P r + h e  'ATP by  m y o s i n  a n d  a nsw interaction 

at a d i f f e r e n t  ac?:n s i t e  c a n  t h e n  t a k e  p l a c e  ( s e e  

reviews b y  Gergsly, 1 3 7 2  a n d  M a n r h e r z  a n d  .Goody, 1976) . 
It i s  . t h o u g h t  'ha? a c t i n  a n d  t h e  n u c l e o t i d s  b i n d  t c  

1 

A 

d i f f e r e n t  sites c n  myosin b u t  i n t e r a c t  t h r o u g h  

s 5 f f r . e ~ ~  of s74 worms might s u g g e s t  t h a t  myosin h a s  a 

d e c r e a s e d  a b i l i t y  t o  r s l a x  a c t i n .  C o u l d  this be  d u e  t o  

a dec r aa sed  a f  f l r? ' i t ,y  cf the m y o s i n  h e a v y  c h a i n  for ATP? 

If  s o ,  then one c a n  s e e  bew +he g.enes  unc-54  a n d  unc-22  

L ~ ? e r a c - .  H u t a t i o n s  i r  unc -22  d e c r e a s s  t h e  s t a b i l i t y  o f  

the a c t o m y o s i n  c o m p l e x  w h l l e  t h e s e  new mycqin a l l e l e s  

d o  :he o p p o s i t a  b y  m a k i n g  t h e  m y o s i n / a c t i n  - c o m p l e x  more  

difficult t o  d i s s o c h t e .  T h i s  i s  b u t  s p e c u l a t i c n  a n d  
d. 

c nly t h e  b i o c h e m ~ c a l  c h a r a c t a r i z a t i o n  of t h e s e  

r n u t e t l a n s  w5ll  e l u c i d a t e  their t r u e  r o l e  i n  m u s c l e  



( v )  T h e  s r g a n i z a t i o n  of  s qene: Pricr t o  1 9 5 0  t h e  

qere was t k o u g h t  to be  a n  i n d i v i s i b l e  u n i t  of h e r ~ d i t y  

( d e s p i t e  O l i v e r l s  d e m o n s t r a t i o n  of intragenic 
{ 

r o c o m b i n a t i o n  I n  ~ r o s c p h i l a ,  1 3 4 0 ) ,  t h e  u l t i m a t e  u n i t  

cf m u t a t i o n ,  a n d  to be a s s o c i a t e d  with a s i n ' g l e  p r i m a r y  . 

s p ~ c i f l c  f u n c t i o ~  i n  metabol ism o r  d e v s l o p m e n t  

( P C - r ~ e c o r v c ,  1358)  . T h o  d e c a d e  t h a t  f o l l o w e d  s a w  a l l  

'hrco o f  . the 'se  p r o p e r t i c s  c f  a g e n e  v i a l a t e d ,  s u c h  t h a t  

we new know t h ' a t  it i s  s s i n g l e  n u c l e o t i d e  o f  D N A  w h i c h  

~ O S S ~ S S ~ S  + h e  first t w o  c f  these p r o p e r t i e s  a n d  n o t  t h e  

qene. T h e  t h i r ? p p r o p e r t y ,  s p e c i f i c i t y  o f  f u n c t i o n ,  h a s  

p r c v e d  more d i f f i c u l t  t o  d e t e r m i n e  in r e l a t i o n  t o  a 

q o n e ,  T h i s  i s  because, a l t h o u g h  R N A  i s  ths p r i m a r y  

A - ,=rscr ipt  -- frcm the D N A ,  qenes c o d e  f o r  a  v a r i 9 t y  of  

' e r m i n a l  p r o d u c t s ,  from r R N A  a n d  t R N A  ? o  t r a n s l s t i c n a l  

p r o d u c - s  whicF may f u f i c ? l o n  a s  p o l y p e p t i d e  moncmers ,  

h c m a p o l y m ~ r s ,  5r a s  p a r t  of he te ropo lymers .  H O P O ~ ~ Z ~ C  

pro+elns a d d  a further c o m p l i c a t i o n  by  b e i n g  either 

moccf u ~ c t i c n e l  c r  m n l f  i f  u ~ c t i a n a l  ( K i r s c h n e r  a n d  

B i s s u a n g s r ,  1 9 7 6 )  , F u z t h e r m o r ~ ,  t h e  g e n e  nus? h a v e  

c o d e d  w i *  h i n  i5 i n f  crm atlon p e r t a i n i n g  t o  t e m p o r a l ,  

s p s t l a l  acd q u a n t i ' a t i  vo t r a n s c r i p t i o n a l  c o n t r o l .  With 

A -his amonn? o f  i n f c r m a ? i c n  c o d s d  along i t s  llnear a r r a y  

3 f  n u c l e ~ t i d e s ,  'he s p e c i f i c i t y  o f  f u n c t i o n  o f  a g i v e n  
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m o d e l s  a r e  based o n  ln t e r a c t i o n s  b e t  ween d e f e c t i v e  

s u b u n i t s .  I n  my s t u d i e s  o n  the unc -22  m u t a t i o ~ s  I h a v e  

n o t  f c u n d .  a n y  instances o f  i n t e r a l l e l l c  

c o m p l e m e n t a t i o n ,  Dces + h l s  mean that, t h a  unc -22  gene 

, ' p r o d u c t  f u c c t i o n s  a s  a monomor o r  p o s s i b l y  a s  p a r t  of a 
r . 

+ 
$ e t o r o p o l y m e r ?  It  i s  d i f f i c u l t  50 a r r i v e  a t  c o n c l u s i c n s  

based on 3 e g a t i v e  6aL-a, and i n  t h i s  case I t h i n k  t h e r e  

are  s e v e r a l  r e a s o n s  f o r  e x e r c i s i n g  c a u t i o n .  Prom the 
,": . . 

s t c d i e s  I h a v e  done 01: g e n e  d o s a g e ' a t  the unc -22  s i t e  

( T r b l e  15) I b ~ l i s v e  ?be ~ z r p r e s s l o n  of the p h e n c t y ~ e  o f  

"  his l o c u s  I s  q u i t e  s e n s i t i v s  to I n a c t 5 v a t i o n  o f  i t s  

gene p r o d u c t .  F e d u c i c g  t h e  a c t i v e  component  by 1/3 i s  
4 

encugh y o  shcw a slight ? f f e c t  a n d  d e p l e t i n g  i t  b y  2 / 3  

g i v e s .  a v i s i b l e  ' _ w l ? c h ~ r  ( I t  should b e  p o i n t e d  b u t  that- 
4 

thls s - u d y  wss doze w i t h  -I s7 which from t h e  s u p p r a s s i o n  

s t u d i e s  i n v o l v i n g  s 7 4 ,  s5e  T a b l e  2 0 ,  is, known to b e  o n e  . 

of t h e  l e a s t  s e v e r e  of t h e  u n c L 2 2  alleles). F u r t h e r ,  

L _he s u p p r f s s i o n  of s 3 2  b y  s u p - 5  d o e s  no+ p r o v i d e  e n o u g h  

of  ?he w i l d - ? y p +  u n c - 2  2 gene p r o d u c t  t o  ' i n h i b i t  t h e  

visibls i -_witchir \ .g .  The s u p p r e s s o r  restores a b o u t  10% cf 

:he pru=eir- p r ~ d u c f  of unc-15 and unc-54 { R a t e r s t o n  a n d  

Bre=I~lcr, 1978)  aad p r E s u n a b l y  is a s  e f f i c i ~ n t  i n  

r e s r ~ r i n q  t h e  o r c - 2 2  g g n ?  p r 3 a u c t .  

T k e s e  ~ 5 s ~ r v ~ t i o c s  s u g g s s t  t h e  u n c - 2 2  wild-type 



d p r c t q i n  a c t  ivi :y m u s t  , r e a c h  a r e l a t i v e l y -  hlgh t h r e s h c l d  
9 

A -0 res tore  a u i l d - t y p ?  i p h s n o t y p k  t o  a worm. S t u d i e s  on , 
, . 

c o m p l e m e n t a t i o n  i n  o t h e r  s y s t o m s  d e m o n s t r a t e  t h a t  

c o m p l c m o f i t i n g  a l l e l e s .  d c  not r b s t o r e  t h e  e n z y m a t i c  

a c f i v i ' g  cf a p r o t e i n  t o  t h e  l e v e l  o f  + h e  w i l d - t y p e  

prctsin. G+rcn  a r . d L a ~ a r o n  ( 1 7 6 3 )  s t u d i e d  t i ron ty-one-  ' 

c o m p l e m e n t i n g  pai%s cf a l l e l e s  of  t h e  s l k a l i n e  
C 

p h o s p h a t a s e  uenE i n  E .  c o l i  a n d  f o u n d  t h a t  + ,he  

e n z y m a t i c  a c t i v i ' y  r a ~ g e d  f m m  1 - 65% o f  the 

w i l d - t y p e  a c t i v i ' y  and t h a t  a l l  b u t  o n e  p a i r  had 

e n z y m a t i c  a c t i v i t i s s  € q u a 1  t o  o r  ~ O S S  t h a n  4.0% t h a t - c f  

+ h e  wild-type. An even beitsr e x a m p l e  of how a low 

l e v ~ l  c f  e n z y m a + i c  a c t i v F t y  arising from a 

c o m ~ l e m s n t i n g  h e t e r o z y g c t e  can res tor5  a w i l d - t y p s  

p h e ~ o t g p e  is i l l u s t r a t e d  by 'he r o s y  l m u s  which c o d e s  

for thc snzyms x - a n t h i n e  d e h y d r o g e n a s e  ( X D H )  In - D. 1 

m e l a n o q a s t e ~  . Cgmplemen'ing a l l e l e s  a*t t h i s  l o c u s  

e x k l b i :  n o r m a l  o r  n e a r - n o r m a l  e y e - c o l o u r  p h e n o t y p e s ,  

but t h e  z e s t o r s d  X D H  activity l e v e l s  a r e  e x t r e m e l y  l o w ,  

frcm l ess  ?ha? 1 10 1 6 %  ( C h o v n i c k  e t  ale, 1977) . 

I f  a  p a i r  o f  ccc-22 a l l e l e s  c o m p l e m e n t e d  t o 4 q F v e  

1 6 %  o f  w i l d - t y p e  ~ r o t e i c  a c t i v i t y ,  I w o u l d  n o t  h a v ~  

r ~ c c r d e 2  i: because  the worm would  s t i l l  h a v e  twitched. 

. .  
B ~ r n s p s  2 !or€ sens:z:ve sssay f o r  c o m p l e m e n t i ~ q  



h - 

-" 

- 
Lalleles m-ight be  tc e x a m i n e  a h e t 2 r o a l l e l i c  worm n n a e r  

b i r e f r i n g e n c e  o p t i c s  2 n d  l o o k  f o r  i m p r o ~ e d  m u s c l e  fibre 

o r g a n i z a t i o n .  T h t s  ' a p p r o a c h  h a s  n o t  beon t r i e d  b u t  

s i n c e  t h s r e  a r e  worms. t h a - ,  t w l t c h  e v e n  w i t h  n o r m a l  ' - 

m u s c l e  o r g a n i z a t i m ,  birefringence c o u l d  p r o v e  to b e  a,  

more s e n s i t i v e  a s s z y  f o r  c o m p l e m e n t a t i o n .  A n o t h e r  p o i n t  

Yo c o n s i d e r  i s  t h i s ,  i n  g e n e s  where c o m p l e m e n t a t i o n  

exists, mu't a t i c n s  a r e  n c t  e q u a l l y  d i s t r i b u t e d  among t h e  
C 

n t a t l o n - g r o u p s .  I n  r o sy  ( C h a v n i c k  e t  a l . ,  1977)  

-there a r e  sixty-six' m u t 3 t i o n s  d i s t r i b u t e d  among  eight 

1 - c o m p l c m e n t a  t i o n  q r & u p s  b u t  f i f ' y - s i x  of t h e s e  m u t a t i o n s  

a r e  f o u n d  I n  g z o u p  I. E s c h  o f  t h e  o t h e r  groups h a s  

v e r y  few a l l e l e s .  T h i s  indicates t h a t  it may b e  q u i t e  

d i f J i i c u l t  t o  f i n d  c b m p l e m e n t i n q  a l l e l e s  a t  t h $  u n c - 2 2  J 

4 
t 

l o c u s ,  e v e n  i f  t h e y  e x i s t .  

i\ 

'r 

The unc -22  l x u s  is ,  a t  p r e s e n t ,  d e f i n e d  a s  a 

s h q l e  c o m p l e m s n t a t l o n  u n i t .  I n  a s e n s e  one, . c o u l d  a r g u e  " 

t h a t  t h e  a l l e l e s  mapped w i t h i n  t h e  l o c u s  form a 

multiple a l l e l i c  ser ies  b e c a u s e  t h e  s e v e r i t y  of  t h e  

p h e n o t y p e  c a p s e d  by each a l l a l e  c a n  .be d e t e r m i n e d  by 
' I  

u s l r - g  t h e  m u t a t i o n s ,  s u p - 5  ( e l 4 6 4 J  a n d  unc -54  ( ~ 7 4 1 .  Wi th  

?he a i d  o f  ' h e s e  t w o  m u t s t i o n s  I h a v e  b e s n  a b l e  t c  

s e p a r a t e  t h ?  a l l e l e s  i n t o  z+  l e a s t  f o u r  g r o u p s  ( s e e  

results 111). P r e s u m a b l y  t h e  first t h r o e  groups c o n t a i n  
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To d a t s  ' h e r e  a r e  n o  docume~ted c o n t r c l  v a r i a n t s  
- - - - - - - - - 

schemss f d r  inducing r e g u l a t o r y  m u t a % i o n s  within the 

Iccus, b u t  the mosz p r e m i s i n g  p r o t o c o l  h a s  b e e n  

suugls ted t o  me by Dr. J. Lewis (personal 

c ~ m m u ~ i c a t i o n )  . His i d ~ a  is that o n e  c o u l d  t s o l a t e  

c v f r p r o d u c e r s  by m u t a g ~ n i z i n g  s u p - 5 ( e 1 4 6 4 )  ; u n c - 2 2 ( s 3 2 )  

worms arrd then e x m i n i _ n _ g  th& F1 F x g e n y  Ear worm-  - - - 

' h a t  a r e  wild-typ~ in a D p e a r a n c e .  There are several 

a d v a n t a g e s  i n  u s i n g  this 3pp-r~mch.  T.he s c r e e n  can be 
L 

: 6cr-e ir! the f l  cn3 
> 
g chance o f  i s o l a t f n q  a 

* 
i 

; overpr3ducer a t  e i t h e r  t h e j n c - 2 2  o r  t h e  s u p - 5  l o c u s .  
k B Perh3ps t h ~  most Impartan5 a p e c t  o f  t h i s  scheme is. . - 

t h z ?  one would nct ;be  t r y i n g  to produce an a b n o r m a l  
< 

1 ,' * 
t ,  

h' ~ a c u E t  cf t h a  twitcher protein, b u t  w o u l d  o ~ l y  be 

, t r y l n g  ic r e t u r n  I t  t o  +he wlld-eype level .  This s h o u l d  
9" 

' e x c l u d e  t h 5  p o s ~ i b i f i t y  of  t h e  c v ~ r p r o d u c e r  b e i n g  
\ 

1 .  S icce  it is kncwz t h a t  the s u p - 5  mutatlcn. only d. d - &A- 

' I 

r e g t o r c s  a b o b t  10% of the a c t i v e  p i o t e i n  t h i s  scrosn 

s h o u l d  allow f a r  'he selsctioz of a c o n f t o l  v a r i a n t  
. < 

that produces a t  l e a s t  t en  t i m e s  the w i l d - t y p e  l e v e l  of a 
1 

t h e  gese ~ r o d u c i .  Tbe a u t a g e ? ~  of c h o i c e  for this 

- - -  - -  e t p e r i a m - w b n 3 d  be-et3er-farnaT~~e-~rhTtimr- - -  - 

I 

- -- - 
.+. - 5  roras fdphf ie '  - in &wceS~csi,fcnrs f a o e  - wan p3B+ - - 

Bai l l i e ,  i n  c ress ;  also see results 11) , and also has 
i+ ?:---- 

* '-+ 



- - - - - - -- - - - pP - - -  P- 

beer f o u n d  t o  Lnduce unc-22 m u t a t i o n s ,  which may be 
- - - - -  

s m a l l  i n t e r n a l  deletions. s u c h  a mutagen  c o u l d  be  . 

u s e f u l  f o r  ?be r e m o v a l  cf a whole s e q u e n c e  of  

? u c l s o t i d ~ s  i n v o l v e d  F E  c o n t r o l .  Nitrous a c i d  s h o u l d  

a l s o  b e  t r i e d  sine? 'he o n l y  two e u c a r y o t e  c o n t r o l  

v a r L a r i t s  F s o l a + c d  were l n d u c e d  w i t h  t h i s  m u t a g e n .  

1 

Tightly l i r - k ? d  c i s - a c t i n g  r e g u l a t o r y  e l e m e n t s  a r e  

o n l y  one fcrm cf t r a n s c r i p t i o n a l  r e g u l a t i o n .  R e g u l a t c r y  
% 

regions t h a t  c k z t r c l  t h e  expression-of a g e n e t i c  f c c u s  

car. a l s o  m + p  scms d i s t a i c a  from it.( There are two 

examples i n  ~ r o s o p h i l a  which  are p a k $ c u l a r l y  

i l l u s t r a t i v e  of  this -form .of. co~trol~. T h e  f i r s t  c a s e  is' 

t h e  t r a n s - z c t i r ? g . -  c o n t r c l '  of the s x p r e s s i o n  o f  t h e  

e m ~ l a s ~  s+rw5ural g e n c  - ( a n y )  exhibited by a g e n e  

c a l l e d  map w h i c h  lies a b o u t  twc map units away f r o m  amy - - 
(Akrahem an3 Dcaze, 1378) . Alleles of +he - rasp g e n e  seem '. 
t c  h z v e  t h e  ability t c  ccntrol the t i s s u e  s p e c i f i c  

. expr.essLoc of t h e -  a m y l a s e  g e n e s  i n  the mid-gut of t h e  

f l y .  Different a l l a l e s  of '.he.= gene show a different 

E .  O l s 5 r l l n t i o c  o f  l'he S L Z ~ B ~  smyltse i n  t h e  p o s t e r i o r  

(Gars, 1 3 5 3 ;  Jack snE Ju33, 1979 )  . These two gsres nap 

appr~x2matelp,0.5 a s p  u z l t s  apart. T h e  current  model o f  



Jack  and Judd (1973)  p r o p d s e s  that t h e  zeste gene ' 
, 

p r o d u c t  is a repressor of the nhite,gene, b u t  is no+ a n  
d 

a c t i v e  s u p p r e s s o r  u n l e s s  it c o m p l e x e s  w i t h  a n  R N A  

p r o d u c e d  by p a r <  o f  t h e  white locus i t s e l f .  T h e  t y p e s  

o f  qece interaction s h c u n  i r i  these  two examples fiom 

D r c s o p h i l a ~ h a v ~  ~ o t  been d e m o n s t r a t e d  i n  the nematcde. 
C 

The I n t e r a c t i o n  of  - s65 a n d  , u n c - 2 2  i s  2 p c s s i b l e  = 

I 

candidate' f o r  t r a n s - a c t i n g  r e g u l a t i o n .  I b e l i e v e +  

hewever, C h a t  t h i s  i s   TI^^   rob ably a n  e x a m p l e  o f  
d 

~ 0 s ' - t r a c s l a ' l c r a :  interaction. 

The cu r rep?  v i e w  c f  a e u c a r y o t i c  g e n e  from g € n € t i c  

z n a l y s F s  I s  t h a t  5': is 3 r e g i o n  of the chromosome where . - 
a ~ u 3 b s r  cf muLatLons w l l l  map, T h e s e  mu'at ions c a n  b e  & 

' ,  

sepa ra t sd  to f c r ~  z 1 F a s a r  a r r a y  and  may e x h i h i t  
L 

diverse  p h e n c t y ~ c s  a s  w+ll a s  c o ~ p l e x  patterns of 

~ n t e r s c ~ F o n .  F g r t h e r ,  t 4 1  l o c u s  is  viewed a s  a 

, .  b i p z r t i t e  s'-.ructure h a . v i ~ q  a d j a c e n t  r e g u l a t o r y  3 n d  

scructur~l e l e a e n t s .  T h o &  elements t h e m s e l v e s  may 
< 

F n t e r a c t  w i t h  o t h e r  areas  ~f t5s gencme at e i t he r  a 

t r z r s c r i p t i o a a l ,  t r a n s l a t i o 2 a l  o r  p o s t - t r a n s l a t i o n a l  

z c a l y s L s  cf  cEe gece? T h i s  i s  z 3 i f f i c ~ l t  q n e s t i c n  t c  



a Despite t h i s  problem o u r  v i e w  of C h e  m o l e c u l a r  

2rchiteciure o f  g e n e s  h a s  been altered d r a m a t i c a l l y  

w i t h  the advent of restriction enzymss,  r a p i d  DNA 

s e q u e n c h q  t c c h ~ l q n e s  2 n d -  l a r g e  'cosmid'  c lon i sq  
i 

veticfss ( ~ i n s h i r n e r ,  1977; Haxam and Gilbert, 1377; 

a z q s r  3 ~ d  CCU~SO?, ,  1378; Collins acd Hchn, 1 3 7 8 ) .  T h e  

most startllcg discovery has come from r e s t r i c t i o n  

enzyms m a p p i n g  a n d  s s q l ~ ~ n c i n g  s t u d i e s  of several 

~ u c a r y o t F c  qenes ( l ~ c l u d i n g  g e n e s  f o r  + R N A ,  r R N A ,  

g l o b i n ,  3 v a l b u m i n ,  I m m u n ~ q l o b u l l n  and ovomucoid) w h i c h  

r e v e e l s  t h a t  structurai i n f o r s a t i o n  I n  these  g G n e s ,  

a l t k o u q h  c o l i n e a r ,  is  n c t  c o n ~ n u o u s .  The c o d i n g  

sequepces a r e  i c t e r r u p t e d  b y  n o n - c o a i n g  segments (Erack -Z 

and  'cnegawa, 1377; S r ~ s z h n a c 5  e t  a l e ,  1377; G l o v e r  a n d  

1 

Flounass, 13-77; Goodmar et a l .  , 1977; Jef fzoy and  C 

~ l a v e l l ,  1977; !•÷zcZel E? '31r, 1378; TFlghnan et al., 

1373a; T o n e g z v a  ei a l ,  , 1378; V a l e n z u e l a  ?? a l . ,  1378; 

C s t t e r a l l  e? al., 7 3 7 9 ) .  The size of 'he n o n - c c d i n q  

F z + s r v e n l z g  sequeEc2s r znges  f r o a  a b o u t  +en ~ n c l ~ o t i 3 e s  





4 

e h  h i n g e  region e n d e d  
L' 

I f  intervening s e q u e n c e s  r e a l l y  do  s e p a r a t e  p r o t e i n  

f u n c t i o n a l  q r a u p s  t h e ?  nosa ic  ger,es a r e ,  a s  d e s c r i b e d  

by G i l b ~ ~ r c  (1978)  a n d  Blake (1 9 7 9 ) ,  the f r o z e n  h i s t c r y  

9f p r o L e i n s .  K o z n b ~ r g  ( 1  3 7 6 )  h a s  s t a t e d  t h a +  enzymGs 

h a v e  .at l e a s t  thrre ' f a c e s 1 ,  a c a t a l y t i c  f a c e ,  a 

regulatory face ?r  a l l c s t ~ r i c  face, a n d  a soci31 f a c ~ .  

1' fs ' h i s  fssA aspec? of a protein we know the feast 

a b c u ? .  T k e  l a r g e  n u m b e r  of i 7 t s r v e n i n g  s e q u P o c e s  i n  

s c ~ e  g e n e s ,  for example ,  those coding f o r  c v a l b u m i n  and 

c v c ~ u c o l d ,  s u g g ~ s 5 s  y h e s e  p r o t e i n s  a r e  c o m p a s e 3  of  many 

fur-c:icnzl u n i t s .  B E i c h  ~f the a b o v s  * f a c e s 1  
/ 

c c r r e s p o 2 d s  t o  w h i c h  unit r e m a i n s  t o  5e determined: In 

. . this z e g a r d ,  z:  2 s  L ~ t e r e s t L n g  t o  no'e t h a t  s e r u m  

~ i ~ u ~ i ~  fs considered 1 a n l t i f u n c t i o n a l  p r c t ~ i n  

-7 ~ k t r e  a r e  a t  l e a s t  TWO' m e t h o d s  o f  gensrating a 

n c s a l c  gene ( c k ,  1 3 7 3  . d i s c u s s e s  o t h e r s )  . T h e  first 

metho2 is by' the '_a.r.deg d u p l i c a t i o n  o f  a f u n c t i o n a l  

unit a s  well a s  soao ~f 9 e  s e q u e n c e s  s n r r c n n d i n g  it ,  

acd  t h e n  the s u b s e q u e ~ t  3 i v e z g s n c e  cf +he secccd u n i t ,  

315s ae'hcd i s  a c t  s a - i s f a c t o r y  f o r  e x p l a i n i n g  mosaic 



beer! o b s e r v e d  i n  l u c a r p o t e s .  Lawn et a l .  (1978) found 

t h a t  :he- human gamma- a n d  b e t a - g l o s i n  g e n e s  ake 

I a 3  j a c e n t ,  a n 3  R o y s l  st al. ( 1 9 7 9 )  f o u n d  t h r e e  geces 

( c v a l b u m F n ,  X and, Y) c l ~ s ' , ~ r a d  which a r e  u r d e z  h o r m o n a l  

cci;t_rol I n  ?he c h i c k  b u 3 d u c t .  I n  'his o v a l b u m i n  cluster 

t h ~ r e  - a r e  ~ x t e n s i v e  t o p o l c q i c a l  s i m i l a r i t i e s  i n  t h e  

d i s t r F b u + , i c n  o f  t h e  i n ~ e r v e n l n g  s e q u e n c e s  indicating a 

s F r e i l 4 r  ~ r i q i n  cf a l l  t h r e e  genes' frcm a s i n g l e  

' p r i n o r d i a l  f gene. 
- 

- /. 

b s=cond m e t h o d  o f  q e n e r a t i n g  -a , m o s a i c  gene i s  b y  

b r i n g l r g  f u n c t i c n a l l y  - differert, g e n e s  t o g e t h e r  and- then 

f u s i ~ g  them (Gilbert, 1378,  Tonegawa e t  a l e ,  1 3 7 8 )  . 
novLng p i e c e 5  cf D N A  a b ~ n t  in the genome-is n o t  a  

p r c b l e m .  There i s  2 c o n s l d s r a b l e  b o d y  o f  e v i d e n c ~  

s u p p c r t i . n g  the cor,cep+-, of the genome as a much l e s s  

s ~ 2 b i a ,  o r  s t a i i c  struc-ure t h a n  o r i g i n a l l y  c o n s i d e r e d  

(Ycclir.i.ock, 1'357; P o t t e r  e t  a l . ,  1373 ;  S t r o b e l  e t  ? a l . ,  

1 3 7 3 ;  z l s o  see v o l n n e  edited by Bukhari et al,, 1 9 7 7 ) .  

T 3 i s  do5s n o t  mean wholesale rearrangements cccur -- 
- 

curing 3 e v e l c p a e n t .  T h i s  i s  clearly n o t  the cash  

(Pot:ez a n d  Thcmas, Jr., 1377-; Enmons et a l . ,  1 3 7 9 )  . I 
i m p l y  only t h z t ,  given an e v o l u t i o n a r y  time s p a n ,  
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xar-eucsryotes w f t h  split genes (see fo r  - s x a m p l ~  - B r o k e r  - x 

o'_ a l . ,  1977)  then 1t 5s p o s s i b l e  t h a t  the s p l i c i n g  

5czymes f o r  p r ~ c s s s i n g  t h e  R N A  may have ariser ,  with t h e  
P '3 

/" r u c l r y o t c s .  Prcca-yctes  nigh: npver h a v e  h a d  t h i s  

shufflinq mechanism. Finally, one c o u l d  take quite a 

e l f i e r e n t  view azd zrgne thzt the operon of procaryotes 

is ana lagous  tc %s mosaic gene of eucaryo+&s, t h s  

d i f f e r e n c e  being t h a t  t h e  f u g c t i o n a l  p r o t e i n  u n i t s  a r e  

n c t  b o u n d  LE prccaryo+es. To d z m o n s t r a t e  the d i f f i c u l ? y  

5r.  m a k i n q  t h i s  d i s ~ i n c t i o n ,  Firk (1366)  , b a s e d  o n  

a e ~ e t i c  d a t a ,  .zC_ fi~sC- p ~ o p ~ s e d  ? h a t  the HIS-4 c o m ~ l e x  

I n  yzzst was sn operon. It was only a•’-or  i s o l a t i n g  t h e  

p rcc$%n ccrnplex t h z t  h e  r l a l i z e d  i t  was  a single 

m u l t F f u n c t i o , n a l  unit ( C a l v o  a n d  F i n k ,  1971') . 

New that :,he molecular organiza ' ion c f  a  few 

se1;ct qenes i s  known it seems p e r t i n e n t  t o  t r y  and 
3 

c o l l a t e  t h i s  i n f o z m ~ t i c n  with what  i s  kncwn a b o u t  t h e  

g e n ~ ? i c  o r g a n i z a t i o c  of a gene, The realization that 

many genes In eucaryotes are s p l i t  adds a new 

i n t e r p r e t a t i o n  to t e rms  s u c h  a s  c o m p l e m e n t a t i a c ,  
i 

J 

m l t i p l e  a l l e l e s  a n d  ~ c m p l e x  IEi, 1 3 2 l i e v e i t a l s o  
/ 

i s t e p - a l l e l e , .  c r  sub-gene  model was i n v o k e d  by A.S. 



S e r e b r c v s k y  a ~ d  5.  P. fmkflnln t o  explain 

c o m p i ~ r n e n t a ? l o n  r e s u l z s  Chat 'hey cbserved i n  the 

a c h a e t e - s c u ' e  c c m p l ~ x  ( w h i c h  a f f e c t s  t h e  b r i s t l e  

p a t t e r r ,  cf t h e  t k 9 z a x )  cf D r o s o p h i l a  ( d a t a  cited i n  
* 

Car l son ,  1 3 6 6 ;  see a l s o  G a r c L a - B e l l i d o ,  1979)  . They 
cons:ruc:ed a mcdel 'of t h e  gens which d i v i d e d  it l c t o  a 

number ~f s u b - g e n e s ,  each  o f  which was a  separate 

f u n c t i o n a l  uni', T h e  p r o b l s m  with t h e i r  model was t h e  

no'5ori :hzt e a c h  s u b - g e n e  was specific f o r  a s e F a r a t e  

s c l ~ t e l l a r  b r i s t l ~ .  This, 3f c o u r s 5 ,  was n o t  t h e  case 

end b e c a u s e  9f C_hs n u m e r o u s  s x c e p t i o n s  :c  t h e  m o d e l  it 

O s r  new u n d e r s t s n d i n g  cf t h e  gcce 2 s  a m o s a i c  

s t r u c ? u r +  g i v e s  t h e  mods1 a new v a l i d i t y .  I f   or,^ v i e w s  

of z p r c k e i n ,  c3mplox c o m p l e m e . n t a t i o n  p a t r e r n s ,  a n d  

~ u l t i p l c  a l l e l i c  series st l o c i  will come as n3 

s u r p r i s e .  G e n e s  s u c h  a s  r u d l ~ t e n t a r y  (r) i n  D r o s o p h i l a  

(Czr lsog,  1471)  and n ~ c - 5 4  in :he nematode, w h o s e  genP 
-i' 

p.rc3uc-s a r e  .kr.cwn, s u p p o r t  .such a model .  B u d i m e n t a r y ,  
0 8 

a ' cnmpiex  l o c u s ,  co j e s  f o r  three d i f f e r e n t  erzymes cf .. 

- the s y r l m i 6 l n e  k i c s y n t b e t i c  pachway  ( N o r b y ,  1370; J a r r y  
0 .  

a ~ d  F a . l k ,  1374 ;  Pswls a2d  .Pr is t rom,.  1975) and u n c - 5 4 ,  

as s t a t e d  e a r l i e r ,  c ~ 8 e s  f ~ r  ~ f o s i n , '  a c c r a p l e x  protein. ' 



G e ~ e t i c  s t u d i e s  of r u d i m s n t a r y  r e v e a l  a complex 
-- 

c o m ~ l e m e n t a t i o n  map ( C a r l s o n ,  1 3 7 1 ) ,  a n d  my own b 

s t u d ' 2 e s ,  i c v o l v l n g  unc-54 (see R s s u l t s  111) , 
d e m o r . s + _ r a t e  t h a t  this g e n e  ha . s  m u l t i p l e  a l l e l e s .  T h e  

sub-gene c o n c e p t  a l s o  a l l o w s  on4 t o  v i e w  the gene  

itself a s  a n  e v o l v i c g  s f r u c t u r o .  C e r t a i n  m u t a t i o n s  9 

withir! a gece m i g h t  re v e a l  something of its e v o F n  
a 

ty g e n e r a t i n g  ' a t a v t c  ~ r c t e i n s '  a n d  p o s s i b l y  e v e n  

a t a v i c  p h e ~ o t y p s s .  P e r h a p s  t h e  b i t h o r a x  se r i es  i n  & 

a n d  d i s p l a c o d  v u l v a  in G 

e l e q a n s  a r e  example s  ef s u c h  mutations. 

a 

m + ~ n e  d i s c o v ~ r p  c4 t h e  mosaic n a t u r e  o f  genes cae ' s  

dcu'b: on +,I!? model cf a . q m c +  a s  a b i p a r t i t e  structure 

wl'h sc*paza'ie r ~ g u l a t o  r y  and structural elements. If 
d ?- .  

zvc lu? ioc  i s  indeed p a r s l m o l r s s a s  it is. d i f f i c u l t  t c  * 

3ccept :he idea t h a r -  I a r g ?  intervening sequences d c  n o t  

h a v e  3 f u l i c t i c ~ .  in gerie e x p z s s s i o n .  As s t a t e d  earlier, 

~ k e  l i n L ' _ e C  antcur,: crf evt3ence o n  gene' r e g u l a t t i c n  i n  

' e u c l r y x e s  sugges's t h a ?  : r k n s c r i p t i o n a l  c o n t r o l  si$es 

z e s s t g e  t r a n s f e r r e d  t h r o u q h  +he nuclear membrane. E 



r o l e  foz t h e  i n t e r v e n i n g  sequences I n  t r a n s c r i p t i o n a l  

r o g u l a ' i o n  m i g h t  also b e  v i s u a l i z e d  i f ,  f o r  instance, 
P 

t h e  i n + s r v ~ n i n g  s e q u e n c e s  o f  a g e n e  b e l n g  t r a n s c r i b e d  

ac'ed a s  in3ucers o f  o t h e r  genes .  T h i s  would be a means 

of c o o r d i n a i e l y  r e g u l a t i n g ' + h e  t r a n s c r i p + i o n  of  savOral 

m e s s a g e s .  

L i ~ t l e  is known a h o u t  the i n t e r v e n i n g  s e q u e n c e s ,  

c ' i n t _ r 3 n s g  (Gilbert, 1978) .  T h s  few E n t r o n s  examined 

z p p e 3 r  t o  havr,  ' u n i q u e 1 '  ssquences, rather t h a n  

mqdera?c ly  o r  h i g h l y  r f ~ t t i t i v e  sequences ( P o b e r t s o r  et 

a l . ,  1 9 7 9 ;  a l s o  referecces in Crick, 1979) -. D a t a  from 

s e v e r a l  sourc?s I 2 d i c a t e  the i n t r o r s  a r e  not 3s 
J '  

c o r s e r v a d  . i n  e v g l u t i o n  35 a r e  the coding s s q u e n c e s .  A 

cgmpariscn of rabbi? a n d  mouse b e t a - g l o b i z  g e n e s  
1 ' 

demonstrates ?%a'. -.lie prcL.ei~. c o d i n g  p a r t s  of t h e  gepe 

a r e  quite similsr b u t  <ha: the i n t r o n s ,  a l t h o u g h  
3 

r c l a t e 6 ,  e r e  c o c s i d e r z k l y  d f f f t r e n t  ( v a r  d e n  Berg et 

a l . ,  1 9 7 3 )  . A s iml l a r  . c : ~ p a r i s o n  between t h e  two 
. . 

J k ? i z - g l o b i r .  g e n e s  o f  aouse shows t h a t  ?he c o d i ~ g  r r g i o n  

zr?, scze ths sequecccs of  t h e  in 'ron adjacent t o  it - - 

c h i  cker. h z s  denx . s+ra t e : !  a l l e l l c  differences Ir, oxie of 

- b e t  ~ z ? e r v e n ~ 3 g  z s q w s c e s  of  t h e  gece in a c h i c k e n  





Therefore, 5t c o u l d  b e  a r g u e d  t h a t  o n l y  p a r t  of t h e  

i n t r o n  a d j a c e n t  to the codicg sequence, t h a t  p a r t  found  

to be c o n s e r v e d  i n  e v o l u t i o n ,  'is n e c e s s a r y  for R N A  

host of now mu.ta t ions  would I% exposed by a c o m b i n e d  

genetic and mol&ular s t u d y  o f  y o t o  gene. T h e  

aforoment i oned  results p r e d i c t  of n n l l c  

m u t a c + s  t h a t  a re  d u e  to R N A  i n s t a b i l i t y .  ~ e p e c d i n q  on 
I 

, hcw complicated tbe s p l i c s  junction r e c o g n i t i o n  

sequence is, it may b e  p o s s i b l e  t o  generate a splicing . 
.-.. 

s i g n a l  within s h e  c o d i n g  s e q u e n c e  t o  genera%€ a p e p t i d e  
1 

with an Internal d e l e t i o n  .(uric-54 ( e 6 7 5 )  ? )  . T h i s  w o u l d  

be unlLkely i f  the sp&icing s e q u e n c e  is v e r y  complex. 

P i c a l l y ,  a r o l2  f o r  tntrons i n  i n t z a g e n L c  o r  i n t e r g e n i c  

' r z n s c r i p t i o n a l  r e g u l a t i o n  cac b e  firmly a s $ a b l i s h ~ d  

ccfy w5 regulatory ma~a'ionp a r e  f o u n d  ?a map within - =-b*- J 

7 .  
thgse sequences.  These s p e c u l a t i o n s  c a n  be confirmed by  

4 

combining t h e  3pproach 'ha5 I have use3 In t h i s  t h e s i s  
7 > 

t sophisti~a5~d a o l e c n l a r  sti& of t h e  region.  Reit- 
3 

a p p r o a c h  alore can hope t o  answer a l l  q u e s t i o n s  
' ,  

conc~rning the c r g a n i z a t i o n  of the g e m .  ' 



- - 

To c o n c l u d e ,  i n  cur  u n d e r s t a n d i n g  of t h e  g e n e  cne 

feels much l i k e  the t u r n - o f - t h e - c e n t u r y  biologist mnst 
fF 

have  felir when c o n f z o n t a d  with c h r o m a s o m e s  on  the on5 

hafid, and ~ s n d e l i s d  g e n e t i c s  o n  ',he 0 t h e . r .  'The two 

mnst c o m p l e m e n t ,  but h c w ?  It t o o k  the work of B r i d g e s  

(1316)  .and others, on n o n - d i s j u n c t i o n  i n 4 r o s o p h i l a I  t o  , 

b r i n g  t h e  5wc 'cgether i n t o  t h s  ch romosome  theory cf 

inheritance. We arc3 at a s i m i l a r  impasse i n  o u r  

e r i i e r e a ~ d i n g  s f  the gene and its r e l a t i a n s h t p  to 3 D N B  

sequence. How can we describe the m o l x u l a r  nature of  

the g e n e ?  O n l y  with t h o  c h a r a c t e r i z a t i o n  of - 

t r a c s c r i p t i o n a l  c o n t r c l  m u t a t i o n s  can t h i s  q w s t i c n  be - 
answered.  !. 

~ecen+ly Francis - C r i c k  ( 1979) has s t a t e d ,  @ * . . . 1, 
have  d e l t b e r a t e l y  used the word 'gene1 i n  a loose s e n s e  

s i rce  a s  t h i s  + i m s  +any precise  d e f i n i t i o n  would b e  
f 

p r e ~ a t u r e . ~ '  One w o r d e r s  how R i c h a r d  Goldsch'nridt would 

v i e w  t h i s  t u r n  o f  e v e n t s .  
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