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ABSTRACT 

The m o n o f u n c t i o n a l e t h y l a t i n g a g e n t EMS has b e e n 

f o u n d t o i n d u c e t_s l e t h a l m u t a t i o n s i n D r o s o p h i l a m e l a n o q a s t e r . 

T e m p e r a t u r e s e n s i t i v e l e t h a l s c a n be i n d u c e d on b o t h t h e X a n d 

t h e s e c o n d chromosomes. The f r e q u e n c i e s o f ts_ l e t h a l 

i n d u c t i o n w i t h r e s p e c t t o t h e e s t i m a t e d number o f " s i n g l e h i t " 

l e t h a l m u t a t i o n s a r e n o t s i g n i f i c a n t l y d i f f e r e n t ( f o r t h e X 

chromosome 1 2 . 5 % a n d f o r t h e s e c o n d , 1 0 . 9 % ) . The ts_ l e t h a l s 

f r o m e a c h chromosome have s i m i l a r v i s i b i l i t i e s a t h i g h a n d 

l o w t e m p e r a t u r e s . A s w i t h t h e ts_ l e t h a l s on t h e X. chromosome, 

S u z u k i e t a l , 1967) t h o s e on t h e s e c o n d b e h a v e d i n a manner 

c o m p a t i b l e w i t h t h e s u g g e s t i o n t h a t D r o s o p h i l a t s l e t h a l s a r e 

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

p a r t i c u l a r l y d o m i n a n t ts_ l e t h a l s , may p r o v i d e p o w e r f u l t o o l s 

f o r D r o s o p h i l a g e n e t i c i n v e s t i g a t i o n . 
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INTRODUCTION 

H a d o r n (1951) d e f i n e s c o n d i t i o n a l l e t h a l f a c t o r s as 

" M u t a t i o n s w h i c h c a u s e d e a t h o n l y u n d e r c e r t a i n d e v e l o p m e n t a l 

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

o u t t h a t one s p e c i a l c l a s s o f t h e s e c o n d i t i o n a l l e t h a l s i s t h a t 

i n w h i c h t h e p e n e t r a n c e o f t h e l e t h a l i s a f u n c t i o n o f t e m p e r a t u r e , 

t h a t i s , a l e t h a l f a c t o r t h a t w i l l s u r v i v e a t one t e m p e r a t u r e 

( p e r m i s s i v e c o n d i t i o n ) a n d c a u s e d e a t h a t a n o t h e r ( r e s t r i c t i v e 

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

b e e n known i n i n s e c t s (Dobzhansky, 1946; R i z k i , 1955; W h i t i n g , 

1934, T a n a k a , 1 9 5 3 ) . T e m p e r a t u r e s e n s i t i v e ( t s ) l e t h a l s i n 

o t h e r o r g a n i s m s a r e p l e n t i f u l : wheat ( N e a t b y , 1933); b a r l e y 

( H a l l q u i s t , 1924; C o l l i n s , 1 9 2 7 ) ; A r a b i d o p s i s ( L a n g r i d g e , 1965) 

a n d p a r a m e c i u m ( I g a r a s h i , 1 9 6 6 ) . 

I n m i c r o - o r g a n i s m s , g e n e t i c a n d d e v e l o p m e n t a l s t u d i e s 

have b e e n f a c i l i t a t e d t h r o u g h t h e u s e o f v a r i o u s c o n d i t i o n a l ' 

l e t h a l m u t a n t s . T h e s e m u t a n t s , w h i c h r e s p o n d t o t e m p e r a t u r e 

d i f f e r e n c e s ( t e m p e r a t u r e s e n s i t i v e ) , have b e e n u t i l i s e d i n 

N e u r o s p o r a ( H o r o w i t z , 1 9 5 0 ) , b a c t e r i a ( L e u p o l d a n d H o r o w i t z , 

1 9 5 2 ) , T4 phage ( E p s t e i n e t a l . , 1963; E d g a r , 1 9 6 4 ) , 

a n d t o b a c c o m o s a i c v i r u s ( J o c k u s c h , 1 9 6 6 ) . The m echanism 

o f a c t i o n f o r ts_ l e t h a l m u t a t i o n s has b e e n e l u c i d a t e d b y 

t h e work w i t h m i c r o - o r g a n i s m s . Maas an d D a v i s (1952) have 

shown t h a t a n enzyme ( w h i c h n o r m a l l y c o n v e r t s a l a n i n e a n d 

p a n t o a t e t o p a n t o t h e n a t e ) i s o l a t e d f r o m a ts_ f o r m o f E c o l i was 

h i g h l y s e n s i t i v e t o t e m p e r a t u r e . S i m i l a r r e s u l t s were o b t a i n e d 
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b y H o r o w i t z a n d F l i n g ( 1953 ). The more r e c e n t work on t o b a c c o 

m o s a i c v i r u s ( r e v i e w e d b y j o c k u s c h , 1966) has d e m o n s t r a t e d 

t h a t t h e t h e r m a l i n s t a b i l i t y o f t h e c o a t p r o t e i n m u t a n t s c a n 

be a t t r i b u t e d t o a s i n g l e b a s e s u b s t i t u t i o n i n t h e genome 

w h i c h i n t u r n l e a d s t o a s i n g l e amino a c i d r e p l a c e m e n t . I t was 

s u g g e s t e d t h a t t h i s s i n g l e amino a c i d s u b s t i t u t i o n l e d t o 

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

r e s u l t e d i n t h e r m a l i n s t a b i l i t y . 

The g r e a t u t i l i t y o f t s l e t h a l s i n m i c r o - o r g a n i s m s 

( H o r o w i t z , 1 9 5 0 ; E p s t e i n e t a l , 1963) has i n d i c a t e d t h e 

p o t e n t i a l u s e f u l n e s s o f t h e s e l e t h a l s i n h i g h e r f o r m s . I n f a c t , 

t h e s e m u t a n t s have a l r e a d y b e e n u s e d t o a d v a n t a g e i n D r o s o p h i l a . 

H a d o r n (1955) d e m o n s t r a t e d t h a t t h e p h e n o t y p i c m u t a n t r o s y ( r y ) 

on t h e t h i r d chromosome o f D r o s o p h i l a m e l a n o g a s t e r showed 

t e m p e r a t u r e d e p e n d e n t l e t h a l i t y . T h i s f a c t was u t i l i s e d b y 

C h o v n i c k (1962) t o o b t a i n "a m i c r o - o r g a n i s m l i k e s y s t e m " f o r 

t h e s t u d y o f r e c o m b i n a t i o n w i t h i n t h i s l o c u s . T o b a r i (1966) 

r e p o r t e d t h e r e c o v e r y o f s e v e r a l s e c o n d chromosome t s l e t h a l s 

f r o m n a t u r a l p o p u l a t i o n s . More r e c e n t l y , p a r k a s h (1967) has 

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

l e t h a l s i n d i f f e r e n t b a c k g r o u n d g e n o t y p e s . S u z u k i e t a l . (1967) 

has d e m o n s t r a t e d t h a t s e x l i n k e d r e c e s s i v e l e t h a l m u t a t i o n s 

c a n be i n d u c e d b y e t h y l m e t h a n e s u l f o n a t e (EMS), gamma r a y s a n d 

m i t o m y c i n C w i t h r e l a t i v e f r e q u e n c i e s o f i n d u c t i o n c o m p a t i b l e 

w i t h t h e h y p o t h e s i s t h a t s u c h m u t a n t s a r e t h e r e s u l t o f p o i n t 
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m u t a t i o n s . p a r t o f t h e X chromosome EMS i n d u c e d l e t h a l 

r e s u l t s r e p o r t e d i n t h i s t h e s i s a r e i n c l u d e d i n t h e p a p e r by-

S u z u k i et_ a l , 1967. . 

T h e r e i s c o n s i d e r a b l e e v i d e n c e t h a t chromosomes d i f f e r i n 

t h e i r f u n c t i o n a l a n d m u t a t i o n a l p o t e n t i a l (Hadorn, 1961; L o v e l e s s , 

1 9 6 6 ) . The X chromosome, on w h i c h most s y s t e m a t i c t s s c r e e n i n g s 

have b e e n c a r r i e d o u t ( p a r k a s h , 1967; T o b a r i , 1 9 6 6 ( a ) ; 1 9 6 6 ( b ) ; 

S u z u k i e t a_l, 1967) i s e s p e c i a l l y l i k e l y t o show s u c h 

c h a r a c t e r i s t i c s s i n c e phenomena s u c h a s d o s a g e c o m p e n s a t i o n , 

s e x - l i n k e d l e t h a l i t y a n d Y chromosome s u p p r e s s e d l e t h a l s have 

b e e n d e m o n s t r a t e d . I n a d d i t i o n , t h e X chromosome t s s c r e e n i n g 

p r o c e d u r e a p p e a r s t o have some i n h e r e n t p r o b l e m s w h i c h m i g h t 

l e a d t o d i s t o r t e d e s t i m a t e s o f p r o p o r t i o n s o f _ts l e t h a l s ( see 

D i s c u s s i o n ) . A n o t h e r f a c t o r w h i c h m i g h t i n f l u e n c e a l e t h a l s t u d y 

done on t h e X chromosome was i n d i c a t e d i n t h e work o f R e v e l l 

( 1 9 5 3 ) . T h i s s t u d y showed t h a t i n V i c i a f a b a , t h e a c t i o n o f a n 

a l k y l a t i n g a g e n t was p r e f e r e n t i a l w i t h r e s p e c t t o t h e l e n g t h o f 

t h e chromosome ( i . e . s h o r t chromosomes r e c e i v e d p r o p o r t i o n a l l y 

more a b e r r a t i o n s t h a n l o n g o n e s ) . S i n c e t h e X chromosome i n 

D r o s p h i l a i s o n l y h a l f as l a r g e a s e i t h e r chromosome I I o r I I I 

t h i s e f f e c t m i g h t be i m p o r t a n t . I n o r d e r t o d e t e r m i n e w h e t h e r 

t s l e t h a l s i t e s a r e s p e c i f i c t o t h e X chromosome, a c o m p a r a t i v e 

X a n d s e c o n d chromosome _ts l e t h a l i n d u c t i o n s t u d y was u n d e r t a k e n 

and t h e r e s u l t s a r e r e p o r t e d i n t h i s t h e s i s . 
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METHODS AND MATERIALS 

A l l c r o s s e s were c a r r i e d o u t on s t a n d a r d D r o s o p h i l a 

medium ( C a l i f o r n i a I n s t i t u t e o f T e c h n o l o g y formula.) i n s h e l l 

v i a l s ( e x c e p t i n one s p e c i a l c a s e ) . The f o l l o w i n g m u t a n t s 

a n d chromosomal a b e r r a t i o n s were u s e d : -

SM-1 - S e c o n d M u l t i p l e I - S e c o n d chromosome 

b a l a n c e r . F o r d e s c r i p t i o n s e e 

. , , L e w i s & .. M i s l o v e . (1947) 

U b x 1 3 0 - U l t r a b i t h o r a x 1 3 0 - T h i r d chromosome 

b a l a n c e r . F o r d e s c r i p t i o n s e e 

E.B. L e w i s 1952. 

T (2,3) Xa - X a s t a - a t r a n s l o c a t i o n b etween 

t h e s e c o n d a n d t h e t h i r d 

chromosome, w h i c h i s a s s o c i a t e d 

w i t h t h e d o m i n a n t m u t a n t Xa 

( X a s t a ) . 

B a s e - X chromosome b a l a n c e r - a m u l t i p l y i n v e r t e d 

X chromosome c a r r y i n g t h e 

d o m i n a n t m a r k e r , B a r , a n d t h e 

r e c e s s i v e a p r i c o t . F o r 

d e s c r i p t i o n s e e S p e n c e r a n d 

S t e r n ( 1 9 4 8 ) . 

R.A. - R e v e r s e d a c r o c e n t r i c - a n a t t a c h e d 

X chromosome. 

s e - s e p i a - d a r k p u r p l e t o brown 

eye , a r e c e s s i v e on t h e t h i r d 

chromosome. 
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e - ebony - an a l l e l e o f e s (ebony-

s o o t y ) , w h i c h p r o d u c e s a 

d a r k b o d y when h e t e r o z y g o u s 

w i t h e s ( e / e s ) 

I n a l l m u t a t i o n - i n d u c t i o n e x p e r i m e n t s r e p o r t e d , EMS 

was a d m i n i s t e r e d t o m a l e s b y p l a c i n g them f o r a p e r i o d o f 24 

h o u r s i n q u a r t e r p i n t b o t t l e s c o n t a i n i n g K l e e n e x t i s s u e s 

s a t u r a t e d w i t h 10 m l o f a 1% s u c r o s e s o l u t i o n c o n t a i n i n g t h e 

d i s s o l v e d EMS ( L e w i s , 1 9 6 6 ) . 

The i n v e s t i g a t i o n c o n s i s t e d o f two p a r t s : 

(1) . The mutagen d o s a g e r e s p o n s e c u r v e s were d e t e r m i n e d 

i n o r d e r t h a t t h e optimum EMS c o n c e n t r a t i o n f o r maximum 

s i n g l e h i t l e t h a l p r o d u c t i o n c o u l d be a s c e r t a i n e d . 

T h i s was f o l l o w e d ( i n c o l l a b o r a t i o n w i t h M r s . M a r y 

T a r a s o f f ) b y t h e g e n e r a t i o n o f s e x - l i n k e d l e t h a l s i n 

o r d e r t o d e t e r m i n e t h e p r o p o r t i o n t h a t were t s 

( S u z u k i e t a l , 1967) . 

(2) L e t h a l s were i n d u c e d b y EMS on chromosome 2 a n d 

s c r e e n e d f o r t e m p e r a t u r e s e n s i t i v i t y . A n a t t e m p t t o 

s e t - u p a homozygous s t o c k f o r e a c h t s l e t h a l was made. 

P a r t I - The e f f e c t o f mutagen c o n c e n t r a t i o n a n d t h e p r e l i m i n a r y 

X chromosome e x p e r i m e n t . 

W i l d t y p e m a l e s were t r e a t e d w i t h EMS a t v a r i o u s 

c o n c e n t r a t i o n s (.005, .015, .020,. .025 a n d .050 M o l a r ) a n d 

c r o s s e d (10 m a l e s t o 20 f e m a l e s ) t o a t t a c h e d - X f e m a l e s i n 
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q u a r t e r p i n t b o t t l e s . S i n c e a l l s o n s f r o m s u c h a c r o s s r e c e i v e 

a t r e a t e d p a t e r n a l x chromosome, t h e d e c r e a s e i n t h e m a l e t o 

f e m a l e (numbers o f f e m a l e s a d j u s t e d t o u n t r e a t e d c o n t r o l v a l u e s ) 

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

s e x l i n k e d l e t h a l i n d u c t i o n ( s e e F i g u r e 1 ) , 

I n o r d e r t o o b t a i n a m easure o f t h e m u t a t i o n r a t e u n d e r 

t e s t c o n d i t i o n s , a p r e l i m i n a r y e x p e r i m e n t was r u n t o d e t e r m i n e 

t h e r a t e o f i n d u c t i o n o f l e t h a l s a n d t s l e t h a l s on t h e 

X chromosome u s i n g t h e B a s e t e c h n i q u e . The m a t i n g scheme f o r 

t h i s e x p e r i m e n t i s o u t l i n e d i n F i g u r e 2. Oregon-R m a l e s were 

t r e a t e d w i t h .025 M EMS. E a c h m a l e was t h e n p l a c e d i n a v i a l 

w i t h t h r e e v i r g i n B a se f e m a l e s , a n d was t r a n s f e r r e d w i t h o u t 

e t h e r i z a t i o n t o a f r e s h v i a l w i t h new f e m a l e s a f t e r two d a y s . 

T h i s p r o c e d u r e was r e p e a t e d f o r f i v e c o n s e c u t i v e two day b r o o d s , 

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

removed p r i o r t o t h e h a t c h i n g o f t h e o f f s p r i n g . T h i s t y p e o f 

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

c e l l s w h i c h were i n t h e v a r i o u s s t a g e s o f s p e r m a t o g e n e s i s a t 

t h e t i m e o f t r e a t m e n t a n d s h o u l d i n d i c a t e w h e t h e r t h e r e a r e 

d i f f e r e n c e s i n t h e s e n s i t i v i t y o f t h e s e s t a g e s t o t h e mutagen. 

The h e t e r o z y g o u s F j f e m a l e o f f s p r i n g were m a t e d s i n g l y 

t o two o r t h r e e Base m a l e s ( f r o m t h e s t o c k ) a t 29°C, a n d t h e 

p a r e n t s were d i s c a r d e d a f t e r e i g h t d a y s . On t h e h a t c h i n g day, 

t h e c u l t u r e s were i n s p e c t e d f o r t h e p r e s e n c e o f n o n - B a s e F 2 

m a l e s . I f none were p r e s e n t , t h e c u l t u r e was s c o r e d a s l e t h a l . 

H e t e r o z y g o u s F 2 f e m a l e s f r o m t h e c u l t u r e s s c o r e d as l e t h a l s a t 



FIGURE 1. M a t i n g scheme f o r d e t e r m i n a t i o n o f r e c e s s i v e 

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

c o n c e n t r a t i o n s . 
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FIGURE 2. M a t i n g scheme f o r X-chromosome _ts l e t h a l 

s c r e e n i n g . 
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29 C were a g a i n m a t e d t o B ase m a l e s a t 17 C a n d t h e F 3 s c o r e d 

f o r t h e p r e s e n c e o f n o n - B a s e m a l e s . A l l s t o c k s w h i c h were 

s c o r e d a s l e t h a l s a t 2 9 ° C b u t a s n o n - l e t h a l s a t 1 7 ° C were 

c l a s s i f i e d as p u t a t i v e jts_'s. The l e t h a l i t y o f t h e s e s t o c k s was 

a g a i n t e s t e d a t 2 9 ° C . 

p a r t I I - G e n e r a t i o n a n d s c r e e n i n g o f s e c o n d chromosome l e t h a l s . 

F r o m t h e r e s u l t s o f P a r t I i t was d e t e r m i n e d t h a t t h e 

optimum c o n c e n t r a t i o n o f EMS f o r t h e p r o d u c t i o n o f s e c o n d 

c hromosomal t s l e t h a l s was .005 M EMS. T h i s c o n c e n t r a t i o n was 

c h o s e n a f t e r t h e c o n s i d e r a t i o n o f t h e f o l l o w i n g f a c t o r s : 

(1) A t h i g h r a t e s o f l e t h a l i n d u c t i o n t h e p r o b a b i l i t y 

o f i n d u c i n g two l e t h a l s on a chromosome i s h i g h . 

However, s i n c e t h e p r o b a b i l i t y o f a n y g i v e n l e t h a l 

b e i n g _ts_ i s low, most " t w o - h i t " chromosomes c a r r y i n g 

a t s a t one l o c u s w i l l c a r r y a n o n - t s a t t h e o t h e r . 

C o n s e q u e n t l y t h e s e w i l l b e s c o r e d a s n o n - t s . Thus, 

t h e o p t i m a l r a t e o f t s l e t h a l r e c o v e r y w i l l b e a t 

t h a t f r e q u e n c y a t w h i c h t h e number o f s i n g l e h i t 

l e t h a l s i s h i g h e s t . 

(2) The f r e q u e n c y o f s e c o n d chromosome l e t h a l s 

i n d u c e d b y X-Rays i s a p p r o x i m a t e l y t w i c e as h i g h a s 

t h e f r e q u e n c y o f s e x - l i n k e d l e t h a l s a t t h e same 

do s e (Hadorn 1 9 5 7 ) . 
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(3) A sample o f 100 s e c o n d chromosome ts_ l e t h a l s 

was d e s i r e d w i t h minimum h a n d l i n g o f f l i e s . 

A s t o c k was i s o g e n i z e d f o r t h e s e c o n d a n d t h i r d 

( c a r r y i n g s e a n d e) chromosomes b y t h e scheme shown i n F i g u r e 3. 

The s c r e e n i n g p r o c e d u r e f o r a u t o s o m a l l e t h a l s i s shown i n F i g u r e 

4. M a l e s f r o m t h e i s o g e n i c s t o c k were f e d .005 M EMS a n d m a t e d 

s i n g l y t o t h r e e SM-1; U b x 1 3 Q / T (2; 3) Xa f e m a l e s f o r f i v e b r o o d s 

(see P a r t I ) . M a l e s were c o l l e c t e d f r o m t h e p r o g e n y o f e a c h 

t r e a t e d m a l e . A maximum o f 15 F ^ m a l e s was u s e d f r o m any one 

c u l t u r e . T h e s e m a l e s were mated s i n g l y i n v i a l s t o 3 SM-1; 
130 

Ubx /T (2; 3) Xa f e m a l e s a n d t h e p a r e n t s were d i s c a r d e d a f t e r 
130 

e i g h t d a y s . F r o m t h e p r o g e n y i n e a c h c u l t u r e , Sm-1/+; Ubx /+ 

m a l e s a n d v i r g i n f e m a l e s were s e l e c t e d a n d m a t e d i n v i a l s a t 1 7 ° C . 

A f t e r f i v e t o e i g h t d a y s t h e y were t h e n t r a n s f e r r e d t o f r e s h 

v i a l s w h i c h were m a i n t a i n e d a t 2 9 ° C . The p a r e n t s were d i s c a r d e d 

a f t e r e i g h t d a y s ( s e e F i g u r e 4 ) . The t r a n s f e r p r o c e d u r e was u s e d 

i n o r d e r t o k e e p t h e number o f v i r g i n s r e q u i r e d t o a minimum, 

s i n c e t h e y i e l d o f t h e F-^ c u l t u r e s was l o w a n d t o r e d u c e t h e 

amount o f g e n o t y p i c v a r i a t i o n . 

A l l o f f s p r i n g i n b o t h t h e 2 9 ° C a n d 1 7 ° C c u l t u r e s were 

s c o r e d . S i n c e t h e f r e q u e n c y o f h o m o z y g o t e s i s e x p e c t e d t o b e 

h a l f t h a t o f h e t e r o z y g o t e s , t h e homozygote t o h e t e r o z y g o t e r a t i o 

p r o v i d e s an i n d i c a t i o n o f t h e v i a b i l i t y o f t h e t r e a t e d 

chromosomes. A l l c u l t u r e s y i e l d i n g a homozygote t o h e t e r o z y g o t e 

r a t i o i n d i c a t i n g l e s s t h a n 5% o f t h e e x p e c t e d v i a b i l i t y a t 2 9 ° C 

were s c o r e d as l e t h a l s . A r b i t r a r y l i m i t s o f v i a b i l i t y f o r t h e 



FIGURE 3. Mating scheme used t o o b t a i n a s t o c k i s o g e n i c 

f o r chromosomes I I and I I I . 
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FIGURE 4 . M a t i n g scheme f o r s e c o n d chromosome 

l e t h a l s c r e e n i n g . 
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c l a s s i f i c a t i o n o f a l e t h a l a s a p u t a t i v e _ts were s e t a t : 

1. 0% a t 2 9 ° C a n d g r e a t e r t h a n 2 0 % a t 1 7 ° C - t s l e t h a l 

2. l e s s t h a n 5% a t 2 9 ° C a n d g r e a t e r t h a n 5 0 % a t 

17°C - t s l e t h a l 

> 

A l l p u t a t i v e _ts_ l e t h a l s were m a i n t a i n e d as b a l a n c e d 

s t o c k s a t 1 7 ° C . 

F o r e a c h p u t a t i v e _ts l e t h a l , two f r e s h c u l t u r e s o f 

h e t e r o z y g o u s o f f s p r i n g were t h e n s e t up one week a p a r t a t 2 9 ° C . 

The p r o g e n y were s c o r e d a n d a l l c u l t u r e s w i t h y i e l d s o f 

homozygotes e x c e e d i n g t h e l i m i t s e s t a b l i s h e d f o r t h i s s t u d y were 

d i s c a r d e d . F o r e a c h o f t h e s t o c k s r e t a i n e d , t h r e e more c u l t u r e s 

were s e t s i m u l t a n e o u s l y a t 2 9 ° C . The o f f s p r i n g were a g a i n 

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

d i s c a r d e d a n d t h e r e s t were c l a s s i f i e d a s t r u e l e t h a l s a n d 

s e m i l e t h a l s a t 2 9 ° C . 

S i n c e most work w i t h ts_ l e t h a l s w o u l d i n v o l v e c r o s s e s i n 

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

e n v i r o n m e n t a l c o n d i t i o n s ( m o i s t u r e , c r o w d i n g , a v a i l a b i l i t y o f 

f o o d , e t c . ) m i g h t d i f f e r i n t h e two t y p e s o f c o n t a i n e r s , a n d 

c o u l d a l t e r t h e homozygote t o h e t e r o z y g o t e r a t i o . I n o r d e r t o 

d e t e r m i n e w h e t h e r s a m p l i n g i n v i a l s does d i s t o r t t h e ts_ 

r e c o v e r y r a t i o s , i n d i v i d u a l s ( s i x p a i r s ) f r o m e a c h _ts l e t h a l 

l i n e were mated i n q u a r t e r p i n t m i l k b o t t l e s . A l l s t o c k s 

e x c e e d i n g t h e _ts l i m i t s were d i s c a r d e d . 
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A l l r e m a i n i n g s t o c k s were r e t e s t e d a t 1 7 ° C a n d t h o s e 

w h i c h f a i l e d t o c o n f o r m w i t h t h e l i m i t s o r i g i n a l l y d e s i g n a t e d 

were d i s c a r d e d . The s t o c k s r e t a i n e d a f t e r t h e a b o v e s c r e e n i n g 

r e g i m e were c l a s s e d as v e r i f i e d t§_ m u t a n t s . Homozygous 

o f f s p r i n g o f c o n f i r m e d _ts_ s t o c k s were t e s t e d f o r f e r t i l i t y a n d 

v i a b i l i t y a t room t e m p e r a t u r e a n d a t 17°C i n o r d e r t o d e t e r m i n e 

w h e t h e r homozygous s t o c k s c o u l d be o b t a i n e d u n d e r p e r m i s s i v e 

c o n d i t i o n s ( 2 9 ° C ) . 
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RESULTS 

P a r t I 

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

o f EMS were a s s a y e d by means o f t h e a t t a c h e d -X method 

( d e s c r i b e d i n Methods an d M a t e r i a l s ) a n d a r e p l o t t e d i n F i g u r e 

5. The r e s u l t i n g c u r v e shows a p r o n o u n c e d i n f l e c t i o n a t a 

c o n c e n t r a t i o n o f .02 5 M EMS. An i n c r e a s e o f mutagen c o n c e n t r a t i o n 

t o .05 M has v e r y l i t t l e e f f e c t . A n EMS c o n c e n t r a t i o n o f .10 M 

i n d u c e d 100% s t e r i l i t y , h e nce t h e r a t e o f m u t a t i o n i n d u c t i o n a t 

t h i s c o n c e n t r a t i o n c o u l d n o t be m e a s u r e d . P e l e c a n o s a n d 

A l d e r s o n (1964) o b t a i n e d a q u a l i t a t i v e l y s i m i l a r d o s a g e r e s p o n s e 

c u r v e when t h e y f e d t h e f l i e s t h e mutagen d i e t h y l s u l p h a t e . I n 

o r d e r t o d e t e r m i n e w h e t h e r age o f t h e t r e a t e d m a l e s was a f a c t o r 

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

were t r e a t e d w i t h .02 5 M EMS. The r e s u l t i n g l e t h a l r a t e i s 

p l o t t e d on F i g u r e 5. S i n c e m a l e s t r e a t e d 24 - 48 h o u r s a f t e r 

e c l o s i o n g ave t h e h i g h e s t l e t h a l i n d u c t i o n r a t e i t a p p e a r s t h a t 

age does have a n e f f e c t . 

I n t h e s t u d y o f s e x - l i n k e d l e t h a l s e m p l o y i n g t h e B a s e 

t e c h n i q u e , 89 m a l e s t r e a t e d w i t h .025 M EMS g a v e h e t e r o z y g o u s 

f e m a l e p r o g e n y . I n e a c h o f b r o o d s 1, 2 a n d 3, a p p r o x i m a t e l y 2 0 % 

o f t h e m a l e s became s t e r i l e . The m a l e s were c o m p l e t e l y 

s t e r i l e i n b r o o d s 4 a n d 5 (days 7 - 1 0 ) . T h i s o b s e r v a t i o n i s i n 

a g r e e m e n t w i t h t h e f i n d i n g s o f Bateman an d C h a n d l e y (1964), who 

u s e d one day b r o o d s a n d f o u n d t h a t i n j e c t e d m e t h y l 



FIGURE 5. M u t a t i o n r a t e w i t h r e s p e c t t o EMS c o n c e n t r a t i o n . 



70 

60 

50 

10 

<40 

L « J 
- J 

2 
U J 
( J 
U J ^ 
ci-

IO 

O 

treated 24-48 hrs after eclosion 

treated 0-24 hrs after eclosion 

treated 48-96 hrs after eclosion 

.01 .02 .03 .04 .05 
CONCENTRATION OF EMS IN MOLES 



17 

m e t h a n e s u l f o n a t e (MMS) i n d u c e d c o m p l e t e s t e r i l i t y i n d a y s 7-9. 

The MMS-induced s t e r i l i t y was d e m o n s t r a t e d t o be t h e r e s u l t o f 

d e c r e a s e d "egg h a t c h a b i l i t y " a n d n o t t h e c o n s e q u e n c e o f 

d e c r e a s e d sperm p r o d u c t i o n . T h e s e w o r k e r s r e g a r d t h e d e c r e a s e d 

"egg h a t c h a b i l i t y " as a d i r e c t r e s u l t o f d o m i n a n t l e t h a l s 

i n d u c e d i n t h e s p e r m a t o c y t e s . I f t h e methods o f b r o o d a n a l y s i s 

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

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

s t e r i l i t y p a t t e r n o b t a i n e d w i t h E M S ( s e e F i g u r e 6 ) . 

The s e x - l i n k e d r e c e s s i v e l e t h a l i n d u c t i o n f r e q u e n c y i n 

e a c h two day b r o o d i s shown i n F i g u r e 6. The l e t h a l f r e q u e n c y i n 

t h e f i r s t t h r e e b r o o d s does n o t d i f f e r s i g n i f i c a n t l y f r o m t h e 

mean ( 6 1 . 8 % ) . I n t h e p a r a l l e l a t t a c h e d - X e x p e r i m e n t a t room 

t e m p e r a t u r e , t h e same c o n c e n t r a t i o n o f EMS g a v e a n e s t i m a t e d 

l e t h a l r a t e o f 7 0%. T h i s i s s i g n i f i c a n t l y h i g h e r t h a n t h e r a t e 

o b t a i n e d f r o m t h e B a s e method. An e v e n g r e a t e r d i f f e r e n c e w o u l d 

p r o b a b l y have r e s u l t e d i f t h e a t t a c h e d - X d e t e r m i n a t i o n h a d b e e n 

c a r r i e d o u t a t 2 9 ° C as was t h e B a s e s c o r i n g c r o s s . 

A f t e r t h e i n i t i a l s c r e e n i n g , 13 4 p u t a t i v e s e x - l i n k e d t s 

l e t h a l s were o b t a i n e d . On s u b s e q u e n t s c r e e n i n g o f t h e s e s t o c k s 

b y D r . L e b n i e P i t e r n i c k a n d M i s s S u s i H a y a s h i , 59 were c o n f i r m e d 

a s _ts l e t h a l s a n d s e m i l e t h a l s ( S u z u k i e t a i l . 1967) . T h e r e f o r e , 

6.4% o f t h e s e x - l i n k e d l e t h a l s i n d u c e d a t 2 9 ° C were _ts_„ T h e s e 

t s l e t h a l s showed no s i g n i f i c a n t d i f f e r e n c e s i n t h e i r b r o o d 



\ 
\ 

FIGURE 6. P e r c e n t a g e o f X chromosome l e t h a l s i n d u c e d 

i n e a c h two day b r o o d . 
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4 . , - d i s t r i b u t i o n . They were l a t e r p l a c e d i n a r b i t r a r y c a t e g o r i e s 

on t h e b a s i s o f t h e i r v i a b i l i t i e s a t 17°C a n d 2 9 ° C 

( S u z u k i e t a l , 1967)., (See F i g u r e 7 ) . 

p a r t I I 

Of t h e 124 t r e a t e d m a l e s (.005 M E M S ) , 101 (81.5%) were 

f e r t i l e i n b r o o d 1, a n d i n e a c h s u c c e s s i v e b r o o d t h e number o f 

f e r t i l e i n d i v i d u a l s d e c l i n e d , t h e g r e a t e s t d e c r e a s e o c c u r r i n g 

i n b r o o d 4 ( F i g u r e 8 ) . B r o o d 5 showad no f u r t h e r d e c r e a s e i n 

f e r t i l e i n d i v i d u a l s ; i n f a c t , some t r e a t e d m a l e s h a d r e c o v e r e d 

t h e i r f e r t i l i t y . Bateman a n d C h a n d l e y (1964) f o u n d t h a t t h e 

d u r a t i o n o f t h e MMS-induced s t e r i l e p e r i o d d e c r e a s e d as t h e 

mutagen c o n c e n t r a t i o n was r e d u c e d . A s i m i l a r phenomenon may b e 

o c c u r r i n g i n t h i s s t u d y . 

Of t h e 3,579 t r e a t e d s e c o n d chromosomes r e c o v e r e d i n F ^ 

. m a l e s , 589 were l o s t as a r e s u l t o f s t e r i l i t y . I n t h e F 3 

g e n e r a t i o n , 1108 c u l t u r e s were s c o r e d a s l e t h a l ( i . e . l e s s t h a n 

5% e x p e c t e d v i a b i l i t y ) a t 2 9 ° C . The b r o o d d i s t r i b u t i o n o f t h e s e 

l e t h a l s ( T a b l e l a ) i s p l o t t e d , w i t h 9 5% c o n f i d e n c e l i m i t s , i n 

F i g u r e 9. The o v e r a l l l e t h a l i n d u c t i o n r a t e was 3 7 . 1 % t 1.7%. 

A n a t t a c h e d - X b r o o d a n a l y s i s was c a r r i e d o u t c o n c u r r e n t l y 

t o p r o v i d e a n i m m e d i a t e measure o f t h e m u t a g e n i c e f f e c t . 

( F i g u r e 10) The c o n t r o l s e x r a t i o d e t e r m i n a t i o n f o r t h i s 

a n a l y s i s was n o t r u n u n t i l s e v e r a l weeks a f t e r t h e t i m e o f 

t r e a t m e n t . I n b o t h t h e a t t a c h e d - X a n d t h e s e c o n d chromosome 

l e t h a l s c r e e n i n g , b r o o d s 1 - 3 showed a p r o g r e s s i v e l y d e c r e a s i n g 



TABLE la 
Brood No-Chromo. Set Up No. Fertile No.Letha 1 

«5%JChrom. %Lethals 

i 1421 1219 527 43.2 % 

2 964 804 285 35.5% 

3 620 509 14! 27.7% 

4 313 249 95 38.1% 

5 261 209 60 28.7% 

TOTAL 3579 299 O II08 37.0% 
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FIGURE 7. D i s t r i b u t i o n o f X and second chromosome l e t h a l s 

i n c a t e g o r i e s o f v i a b i l i t y . ( 9 5 % Confidence l i m i t s ) 

- X chromosome 

- Second chromosome 
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FIGURE 8 . B r o o d d i s t r i b u t i o n o f s t e r i l i t y o f t r e a t e d 

s e e m a l e s ( s e c o n d chromosome l e t h a l i n d u c t i o n ) . 
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FIGURE 9 . L e t h a l i n d u c t i o n r a t e i n e a c h two day b r o o d . 

( S e c o n d chromosome) 



50 

</) 40 
< 
bj 30 

< 2 0 

z 
UJ u 
UJ lO 

T OVERALL LETHAL RATE (37.1%") 

2 3 
BROOD 



FIGURE 10. A t t a c h e d X d e t e r m i n a t i o n o f t h e p e r c e n t a g e 

l e t h a l s i n d u c e d w i t h .005 M o l a r EMS. 
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t r e n d i n t h e l e t h a l r a t e , b u t b r o o d 4 has a marked a n d 

s i g n i f i c a n t i n c r e a s e . I n b r o o d 4 s t e r i l i t y was f o u n d t o b e 

m a x i m a l , ( F i g u r e 8) . 

T a b l e s I a a n d b show t h e number o f c u l t u r e s r e t a i n e d 

a f t e r e a c h s t e p i n t h e t§_ s c r e e n i n g p r o c e d u r e . The number o f 

c o n f i r m e d t £ l e t h a l s (95) shown i n t h e f i n a l c o l u m n c o n s t i t u t e s 

8.4% o f t h e o r i g i n a l 2 9 ° C l e t h a l s . The b r o o d d i s t r i b u t i o n o f t h e 

c o n f i r m e d ts_ l e t h a l s i s shown, w i t h 9 5 % c o n f i d e n c e l i m i t s i n 

F i g u r e 11 . B r o o d 1 g a v e a s i g n i f i c a n t l y h i g h e r p e r c e n t a g e o f 

t s l e t h a l s t h a n any o t h e r b r o o d . When t h e s e t s l e t h a l s were 

p l a c e d i n t o t h e same c a t e g o r i e s d e f i n e d f o r t h e s e x - l i n k e d _ts 

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

(See F i g u r e 7). 

The v i a b i l i t y o f a p a r t i c u l a r t r e a t e d s e c o n d chromosome 

may b e e s t i m a t e d b y c o m p a r i n g t h e o b s e r v e d number o f homozygotes 

t o t h e e x p e c t e d number ( t h e l a t t e r s h o u l d b e h a l f t h e number o f 

h e t e r o z y g o t e s ) . The v i a b i l i t y i s d e n o t e d b y t h e a p p r o p r i a t e -

p e r c e n t a g e (Hadorn, 1 9 5 5 ) . The d i s t r i b u t i o n s o f t h e t r e a t e d 

chromosomes ( b r o o d 1) r e l a t i v e t o t h e i r homozygotus v i a b i l i t i e s 

are shown a t e a c h s u c c e s s i v e s t a g e i n t h e s c r e e n i n g p r o c e d u r e i n 

F i g u r e s 12, 13 a n d 14. 

F i g u r e 12 shows t h e v i a b i l i t y s p e c t r u m a f t e r t h e i n i t i a l 

2 9 ° C s c r e e n i n g f o r l e t h a l s . I t i s i n t e r e s t i n g t o n o t e t h a t 

homozygous s e c o n d chromosome v i a b i l i t i e s a f t e r X - i r r a d i a t i o n 

f a l l i n t o a b i m o d a l d i s t r i b u t i o n ( w i t h maxima a t 0% a n d 1 0 0 % 



FIGURE 11. D i s t r i b u t i o n o f p e r c e n t o f t s l e t h a l s r e l a t i v e 

t o 29°C~ l . e t h a l s i n e a c h two day b r o o d 

(Chromosome I I ) . 
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FIGURE 12. V i a b i l i t y s p e c t r u m a f t e r i n i t i a l s c r e e n i n g . 
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FIGURE 13. V i a b i l i t y s p e c t r u m a f t e r s e c o n d s c r e e n i n g . 
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FIGURE 14. 29°C v i a b i l i t y spectra for 

(A) 3 v i a l s set simultaneously and 

(B) b o t t l e culture. 
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v i a b i l i t y ) (Kafer, 1952). As may be seen, EMS does not produce 

thi s type of d i s t r i b u t i o n . The v i a b i l i t y d i s t r i b u t i o n curve of 

EMS treated chromosomes indicates that an extremely high number 

of semilethal and subvital mutations had been induced. 

The v i a b i l i t y spectrum a f t e r the second step of the 

screening procedure i s shown i n Figure 13... Since these stocks 

were selected from cultures which gave less than 5% homozygote 

v i a b i l i t y i n the f i r s t screening the v i a b i l i t y would be expected 

to show a spectrum s h i f t towards 0. I t should be noted that the 

29°C l e t h a l s retained for the second step i n the screening 

procedure are a selected sample, that i s they a l l displayed 

homozygous v i a b i l i t i e s of at le a s t 2 0% at 17°C. For t h i s reason, 

most cultures i n c o r r e c t l y c l a s s i f i e d as l e t h a l at 29°C would be 

included i n the putative ts_ l e t h a l class; thus increasing the 

expected spread of the v i a b i l i t y d i s t r i b u t i o n . 

Three cultures were set simultaneously for a l l stocks 

which remained below 5% v i a b i l i t y a f t e r the second screening. 

The r e s u l t i n g v i a b i l i t y spectrum i s shown i n Figure 14 (A). As 

may be seen from the Figure, the spread of the population i s 

greatly reduced. When the pooled r e s u l t s for the f i r s t two 

screenings are compared with the r e s u l t s from the t h i r d screening 

93% of the _ts l e t h a l s do not show any s i g n i f i c a n t difference 

(at a 95% l e v e l ) . That i s , 93% of the stocks did not deviate 

s i g n i f i c a n t l y i n their homozygous treated chromosome v i a b i l i t y . 

Since the numbers of homozygotes were small ( i . e . between 

0 - 15) the s t a t i s t i c a l procedures described by Stevens (1941) 
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were used. I t appears that these ts_ l e t h a l s are r e l a t i v e l y 

stable with respect to the differences i n environmental 

conditions encountered i n v i a l cultures. 

The v i a b i l i t y spectrum for chromosomes scored as l e t h a l s 

at 29°C/ on the basis of pooled data from the previous s i x 

v i a l s , was determined for the b o t t l e environment (Figure 14 B). 

The spread of t h i s d i s t r i b u t i o n i s very small and only one stock 

had a v i a b i l i t y s u f f i c i e n t l y increased to indicate that the 

new environment had an e f f e c t . 

The v i a b i l i t i e s of i n d i v i d u a l s homozygous for second 

chromosomal _t_£ l e t h a l s , under r e s t r i c t i v e (R 29°C) and permissive 

(R 17°C) conditions are shown i n Table I I . The r a t i o s of 

v i a b i l i t y at 29°C to v i a b i l i t y at 17°C (Rts) a r e also l i s t e d on 

th i s table. This r a t i o provides a means for objective 

comparison of the jts l e t h a l s . I t i s obvious that the closer 

th i s r a t i o i s to 0, the greater the v i a b i l i t y d i f f e r e n t i a l of 

the ts_ l e t h a l . Since ordinary semilethal chromosomes could 

introduce an a r t i f a c t , the v i a b i l i t y r e s t r i c t i o n s stated for ts_ 

l e t h a l s (see Methods and Materials) must be enforced. I t i s 

important to remember that a l l jts le t h a l s with v i a b i l i t i e s of 

0 at 29°C w i l l have an R f c s of 0, thus the R t g value i s useful 

only when evaluating l e t h a l s which are leaky under r e s t r i c t i v e 

conditions (R 29°C). The d i s t r i b u t i o n of second chromosomal 

let h a l s with respect to t h e i r R t s value i s shown i n Figure 15. 

A l l of these _ts l e t h a l s have an R^s value of less than .12, 

hence the d i f f e r e n t i a l of v i a b i l i t y i s at l e a s t 1 : 8 . 



FIGURE 15. D i s t r i b u t i o n of v i a b i l i t i e s with respect to 

Rts (R29- / R17) • 
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TABLE I I 

V i a b i l i t i e s o f S e c o n d Chromosome T e m p e r a t u r e S e n s i t i v e 
S t o c k s a t R e s t r i c t i v e a n d P e r m i s s i v e T e m p e r a t u r e s . 

P e r c e n t P e r c e n t R a t i o o f S u r v i v a l : 
t s S t o c k V i a b i l i t y V i a b i l i t y R t s = V i a b i l i t y 2 9 ° C 
Number a t 2 9 ° C a t 1 7 ° C V i a b i l i t y 1 7 U C 

34 - 55.0 -44 - -52 - 75.4 -60 .6 19.6 .030 
62 2.6 53.6 .049 
64 - 61.8 -66 - 41.0 -68 3.4 29.6 .086 
82 - 49.6 -90 - 56.8 -91 1.8 37.4 . 048 
97 - 51.8 — 
98 - 28.6 -99 - 37.0 — 

13 5 - 22.0 — 
141 1.0 40.0 . 02 5 
142 1.8 43.6 .042 
144 - 41.6 — 
168 1.6 50.6 .032 
171 - 57.4 — 
183 2.2 25.8 .049 
196 - 87.0 — 
172 1.6 26.0 .023 
215 - 91.2 — 
225 - 20.4 — 
227 59.8 — 
228 - 40.0 — 
229 1.0 37.2 .027 
232 1.6 33.6 .030 
237 - 35.0 — 
241 - 33.8 — 
308 - 82.4 — 
311 4.6 43.6 .105 
335 1.8 37.2 .022 
350 - 70.4 — 
370 - 194.0 — 
382 - 27.0 — 
406 - 20.4 — 
410 - 71.0 — 
422 6.8 136.0 .050 
424 .8 47.6 .014 
446 - 59.8 — 
447 4.6 60.8 .07! 



TABLE I I C o n t i n u e d 
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P e r c e n t P e r c e n t R a t i o o f S u r v i v a l : 
t s S t o c k V i a b i l i t y V i a b i l i t y R t = V i a b i l i t y 2 9 ° C 
Number a t 2 9 ° C a t 17°C V i a b i l i t y 1 7 ° C 

448 - 53.8 — 
451 - 13.2 — 
482 2.0 82.6 .024 
491 - 122.6 — 
515 - 30.0 — 
516 2.2 54.4 .040 
523 - 63.4 — 
526 2.4 58.4 .040 
533 - 51.0 — 
551 1.2 23.8 .051 
554 - 103.0 — 
556 - 20.2 — 
557 - 101.8 — 
560 .8 74.4 .011 
565 .6 25.8 .023 
569 .8 63.6 .013 
574 .6 25.8 .013 
584 - 76.8 _ 
589 - 11.8 — 
523 - 63.2 — 
638 .6 27.8 .022 
700 2.2 38.8 .057 
715 2.0 41.0 .049 
743 2.8 59.4 .047 
748 5.6 85.0 .066 
759 2.8 90.2 .031 
764 2.2 58.0 .038 
789 - 21.2 _ 
774 - 73.8 — 
770 .6 25.6 .023 
781 1.6 54.0 .03 0 
809 - 59.0 _ 
820 - 42.0 _ 
821 - 9.2 _ 
833 - 60.0 _ 
841 1.0 95.6 .010 
870 1.6 36.4 .044 
911 1.4 20.0 .070 
880 4.4 53.8 .082 
930 1.4 161.2 .023 
944 .8 50.6 .016 
996 .4 64.4 .006 

1013 .6 60.4 .010 
1021 - 48.8 _ 
1031 - 18.2 _ 
1034 1.6 55.8 .029 
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TABLE I I C o n t i n u e d 

P e r c e n t P e r c e n t R a t i o o f S u r v i v a l : 
t s S t o c k V i a b i l i t y V i a b i l i t y R t s = V i a b i l i t y 2 9 ° C 
Number a t 2 9 ° C a t 1 7 ° C V i a b i l i t y 1 7°C 

1037 3.6 68.4 .042 
1042 1.0 36.8 .027 
1060 1.2 62.0 .019 
1094 - 33.8 
1162 5.4 58.6 .092 
1181 .4 52.8 .009 
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F i g u r e 16 shows t h e v i a b i l i t y s p e c t r u m f o r t h e 95 s e c o n d 

chromosome ts_ l e t h a l s . The v i a b i l i t y o f a c o n t r o l s t o c k h a v i n g 

t h e same s e c o n d chromosome b u t w i t h no l e t h a l was 9 6 . 6 % . The 

mean v i a b i l i t y o f t h e _ts_ l e t h a l s u n d e r p e r m i s s i v e c o n d i t i o n s 

was 5 2 . 8 % , a v a l u e s i g n i f i c a n t l y l o w e r t h a n t h e c o n t r o l . 



FIGURE 16. S p e c t r u m o f v i a b i l i t y o f c o n f i r m e d t s 

l e t h a l s u n d e r p e r m i s s i v e c o n d i t i o n s ( 1 7 ° C ) . 
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DISCUSSION 

S i n c e t h e X a n d s e c o n d chromosome e x p e r i m e n t a l r e s u l t s 

a r e t o be compared, I have b r o k e n t h e d i s c u s s i o n i n t o t h r e e 

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

1. M o s a i c i s m 

2. B r o o d A n a l y s i s 

3. _ts_ l e t h a l s 

MOSAICISM 

I t i s now w e l l e s t a b l i s h e d t h a t a l k y l a t i n g a g e n t s l i k e 

EMS i n d u c e a h i g h f r e q u e n c y o f p a r t i a l o r m o s a i c l e t h a l s i n 

p r o g e n y o f t r e a t e d i n d i v i d u a l s ( L o v e l e s s , 1965; E p l e r , 1966; 

Matthews, 1 9 6 4 ) . I t i s i m p o r t a n t t o c o n s i d e r how t h e d i f f e r e n t 

k i n d s o f m o s a i c l e t h a l s c o u l d i n f l u e n c e t h e s c r e e n i n g f o r X 

and s e c o n d chromosome l e t h a l s . I w i l l f i r s t c o n s i d e r t h e 

l e t h a l - n o n l e t h a l m o s a i c . I f an X chromosome l e t h a l - n o n l e t h a l 

m o s a i c i s s c r e e n e d b y means o f a b a l a n c e d l e t h a l s y s t e m , i t w i l l 

b e s c o r e d a s a l e t h a l o n l y i f t h e l e t h a l t i s s u e p a t c h i n c l u d e s 

a l l o f t h e g o n a d s . S i m i l a r r e s u l t s w o u l d be o b t a i n e d f r o m t h e 

same b a l a n c e d l e t h a l s c r e e n i n g o f a s e c o n d chromosome m o s a i c 

l e t h a l . However, i f t h e a t t a c h e d - X s c r e e n i n g s y s t e m i s employed, 

t h e s i z e o f t h e l e t h a l p a t c h o r t h e autonomy ( i n t h e s e n s e o f 

S t e r n ) o f t h e p a r t i c u l a r l e t h a l w i l l d e t e r m i n e w h e t h e r t h e 

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

a s a l e t h a l . T h e r e f o r e , s e x - l i n k e d l e t h a l e s t i m a t e s w i l l 

l i k e l y d e p e n d on w h i c h p r o c e d u r e i s u s e d . I n t u i t i v e l y , I 

w o u l d e x p e c t t h e l e t h a l p a t c h e s t o be l a r g e e nough t o k i l l t h e 



40 

i n d i v i d u a l ( i n t h e a t t a c h e d - X p r o c e d u r e ) more o f t e n t h a n t h e y 

w o u l d i n c l u d e t h e e n t i r e g o n a d r e g i o n ( b a l a n c e d l e t h a l 

p r o c e d u r e ) . Thus I w o u l d e x p e c t t h e a t t a c h e d - X l e t h a l 

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

e s t i m a t e . T h i s d i s c r e p a n c y was i n f a c t n o t e d i n p a r t I r e s u l t s . 

S t i l l a n o t h e r p o s s i b i l i t y , t h e l e t h a l - l e t h a l t y p e 

m o s a i c , must be c o n s i d e r e d . E p l e r (1966) has d e m o n s t r a t e d t h a t 

t h e s e t y p e s o f m o s a i c s make up a l a r g e p r o p o r t i o n o f t h e p r o g e n y 

o f EMS t r e a t e d m a l e s , e s p e c i a l l y a t h i g h e r r a t e s o f l e t h a l 

i n d u c t i o n ( g r e a t e r t h a n 2 0 % ) . 

The X-chromosome l e t h a l - l e t h a l m o s a i c w o u l d l i k e l y d i e 

i n t h e F]_ g e n e r a t i o n o f an e x p e r i m e n t u t i l i z i n g t h e a t t a c h e d - X 

p r o c e d u r e , a n d t h u s i t w o u l d b e s c o r e d a s a l e t h a l . L i k e w i s e 

t h e X-chromosome b a l a n c e d l e t h a l p r o c e d u r e w o u l d i n d i c a t e t h a t 

t h i s t y p e o f m o s a i c was a c o m p l e t e l e t h a l ( s i n c e a l l F 2 m a l e 

p r o g e n y w i l l r e c e i v e one o r t h e o t h e r o f t h e l e t h a l - b e a r i n g X 

chromosomes). However, i f t h i s t y p e o f m o s a i c f o r s e c o n d 

chromosome l e t h a l s ( a s s u m i n g t h e gonads a r e i n c l u d e d i n b o t h 

r e g i o n s ) i s r e c o v e r e d i n t h e F-^ g e n e r a t i o n o f a b a l a n c e d l e t h a l 

s c r e e n i n g , i t w o u l d g i v e two t y p e s o f h e t e r o z y g o u s p r o g e n y i n 

t h e F 2 - When t h e F2 b r o t h e r - s i s t e r c r o s s i s made, i t i s v e r y 

l i k e l y ( i n f a c t 5 0 % o f t h e t i m e i f e a c h l e t h a l c o n s t i t u t e d 5 0% 

o f t h e gonads) t h a t h e t e r o z y g o t e s f o r d i f f e r e n t l e t h a l s w i l l 

b e c r o s s e d . I f t h i s o c c u r s , t h e l e t h a l w i l l b e s c o r e d a s 

n o n - l e t h a l , s i n c e t h e s u p p o s e d F 3 homozygote i s s t i l l 

h e t e r o z y g o u s f o r e a c h l e t h a l . 



To summarise, when c o m p a r a b l e l e t h a l - l e t h a l m o s a i c s a r e 

s c r e e n e d w i t h t h e b a l a n c e d p r o c e d u r e , t h e X chromosome 

e x p e r i m e n t w i l l a l w a y s i n d i c a t e a c o m p l e t e l e t h a l , w h e r e a s 

t h e s e c o n d chromosome e x p e r i m e n t w i l l o f t e n ( a s o f t e n as 50% 

o f t h e t i m e ) i n d i c a t e i t as a n o n - l e t h a l . T h e r e f o r e , s e c o n d 

chromosome l e t h a l e s t i m a t e s w i l l b e d i s p r o p o r t i o n a t e l y l o w e r 

t h a n w o u l d be p r e d i c t e d a f t e r c o n s i d e r i n g t h e a d j u s t e d X a n d 

s e c o n d chromosome i n d u c t i o n f r e q u e n c i e s (Hadorn, 1 9 6 1 ) . The 

e f f e c t o f t h e l e t h a l - l e t h a l m o s a i c s c a n be s e e n when t h e 

e s t i m a t e d s e c o n d chromosome l e t h a l i n d u c t i o n r a t e (.005 M EMS) 

i s compared w i t h t h e o b s e r v e d r a t e . The e s t i m a t e c a n e a s i l y 

be made s i n c e we know: 

1. The EMS c o n c e n t r a t i o n v e r s e s l e t h a l r a t e c u r v e has 

b e e n c a l c u l a t e d ( a t t a c h e d - X p r o c e d u r e ) . 

2. The c o r r e l a t i o n b e t w e e n a t t a c h e d - X a n d b a l a n c e d 

l e t h a l e s t i m a t e s may b e a p p r o x i m a t e d f r o m P a r t I . 

3. The s e c o n d chromosome i s o b s e r v e d t o r e c e i v e t w i c e 

a s many X - r a y l e t h a l s i n d u c e d a s t h e X chromosome. 

The e s t i m a t e d r a t e o f i n d u c t i o n o f l e t h a l s w i t h .005 

M EMS i s a p p r o x i m a t e l y 5 2 % a n d may b e h i g h e r s i n c e a s s a y w i l l 

b e done a t 2 9 ° C r a t h e r t h a n 2 5 ° C . B u t , a s may be s e e n f r o m 

t h e r e s u l t s i n P a r t I I , t h e o b s e r v e d r a t e was a mere 37.5%, 

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

r e s u l t o f l e t h a l - l e t h a l m o s a i c s . However, i t may be a r g u e d 

t h a t m i n o r t r e a t m e n t v a r i a t i o n s , d i f f e r e n t b a c k g r o u n d g e n o t y p e 

o r i n h e r e n t d i f f e r e n c e s i n s u s c e p t a b i l i t y o f t h e chromosomes 



42 

i n v o l v e d c o u l d l e a d t o a s i m i l a r d i f f e r e n c e . I w i l l r e t u r n t o 

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

when I d i s c u s s t h e c o r r e l a t i o n s b e t w e e n t h e X a n d s e c o n d 

chromosome _ts i n d u c t i o n r a t i o . 

BROOD ANALYSIS 

I n p r i n c i p l e , t h e s e p a r a t i o n o f s p e c i f i c s t a g e s o f 

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

t h e gametes f r o m a m a l e . I n p r a c t i c e , t h i s s e p a r a t i o n i s 

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

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

p r o c e s s goes on a t a r e l a t i v e l y c o n s t a n t r a t e ( t h a t i s , 

r e l a t i v e l y u n a f f e c t e d , b y t r e a t m e n t o f p a r e n t s o r c o n d i t i o n , o f 

t h e g a m e t e s ) . T h i s b e i n g t h e c a s e , t h e sperm p r o d u c e d n e e d o n l y 

t o b e drawn o f f c o n t i n u o u s l y (by m a t i n g ) a n d t h e v a r i o u s 

s a m p l e s o f sperm ( c a r r i e d b y i n s e m i n a t e d f e m a l e s ) s e p a r a t e d a n d 

a n a l y s e d i n d e p e n d e n t l y . T h i s p r o c e d u r e has b e e n u t i l i z e d w i t h 

numerous v a r i a t i o n s ( 1, 2, o r 3 day b r o o d s , 1-6 f e m a l e s p e r 

t r e a t e d m a l e b r o o d s , e t c . ) ( A u e r b a c h , 1958; Fahmy a n d Fahmy, 

1958; C h a n d l e y a n d Bateman, 1 9 6 2 ) . The n e e d f o r c o m p l e t e 

r e m o v a l o f sperm i n e a c h b r o o d i s p r o b a b l y t h e most c r i t i c a l 

f a c t o r i n a c h i e v i n g r e p r o d u c i b l e r e s u l t s . Bateman a n d C h a n d l e y 

(1964), u s i n g t h r e e f e m a l e s p e r t r e a t e d m a l e p e r one day b r o o d , 

f e l t t h a t t h e y had a c h i e v e d t h i s . They have d e m o n s t r a t e d t h a t 

w i t h t h i s p r o c e d u r e , t h e v a r i o u s . s t a g e s o f s p e r m a t o g e n e s i s , a t 

t h e t i m e o f t r e a t m e n t , a p p e a r as sperm on t h e f o l l o w i n g d a y s . 
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Sperm a n d s p e r m a t i d s - Days 1-6 

S p e r m a t o c y t e s - Days 7-9 

S p e r m a t o g o n i a - Days 10-12 

I t i s w o r t h n o t i n g t h a t Fahmy an d Fahmy (1957) c l a i m e d t h a t 

u s i n g t h r e e day b r o o d s a n d one f e m a l e p e r m a l e p l a c e s c e l l s 

t h a t were e n t e r i n g m e i o s i s a t t h e t i m e o f t r e a t m e n t , i n t h e 

f i r s t 12-15 d a y s . R e a s o n a b l y enough, t h e r e s u l t s o b t a i n e d b y 

v a r i o u s w o r k e r s u s i n g t h e i r v a r i e t y o f " b e s t " s y s t e m s a r e 

e q u a l l y d i v e r s i f i e d . 

I n e x p e r i m e n t s r e p o r t e d i n t h i s t h e s i s , b o t h X a n d 

s e c o n d chromosome, t h r e e t o f i v e f e m a l e s were p l a c e d w i t h e a c h 

t r e a t e d m a l e f o r e a c h two day b r o o d . T h i s s h o u l d a p p r o x i m a t e 

t h e t e c h n i q u e o f Bateman a n d C h a n d l e y . I n f a c t , a s p o i n t e d o u t 

i n t h e r e s u l t s , t h e a g r e e m e n t w i t h Bateman a n d C h a n d l e y ' s 

f i n d i n g s w i t h i n j e c t e d MMS i s v e r y good, ( s e e R e s u l t s ) . I t i s 

i n t e r e s t i n g t o n o t e t h a t when .005 M EMS was u s e d , t h e c o m p l e t e 

s t e r i l i t y o b s e r v e d i n b r o o d 4 a f t e r t h e .025 M EMS t r e a t m e n t 

was n o t f o u n d . T h i s c o u l d be p r e d i c t e d f r o m t h e Bateman a n d 

C h a n d l e y r e s u l t s , s i n c e t h e i r f i g u r e s i n d i c a t e t h a t t h e d u r a t i o n 

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

m u t a g e n i c c o n c e n t r a t i o n . 

L o v e l e s s ( 1 9 6 6 ) , i n a r e v i e w o f Bateman a n d C h a n d l e y ' s 

work, comments t h a t i n t e rms o f r e c e s s i v e l e t h a l i n d u c t i o n t h e 

most s e n s i t i v e s t a g e s o f s p e r m a t o g e n e s i s a r e t h e p o s t m e i o t i c 

s t a g e s ( i . e . b r o o d s 1-3);. although he goes on t o p o i n t o u t t h a t 
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m e i o s i s may be t h e most s e n s i t i v e s t a g e m u t a g e n i c a l l y b u t t h i s 

may have b e e n o b s c u r e d (Bateman and C h a n d l e y , 1964) b y 

s t e r i l i z a t i o n . I n d e e d t h e i n t e r p r e t a t i o n g i v e n b y L o v e l e s s 

a p p e a r s t o b e b o r n e o u t b y t h e r e s u l t s o f .005 M EMS b r o o d 

a n a l y s i s r e p o r t e d i n t h i s t h e s i s . I n t h e a b s e n c e o f c o m p l e t e 

s t e r i l i t y i n b r o o d 4 , t h e r e c e s s i v e l e t h a l i n d u c t i o n l e v e l may be 

d e t e r m i n e d a n d a p p r o a c h e s t h e l e v e l a t t a i n e d i n b r o o d 1. I t 

s h o u l d be remembered t h a t s i n c e two day b r o o d s were u s e d i n 

t h i s e x p e r i m e n t , i t c a n n o t b e s a i d w i t h a n y c e r t a i n t y w h e t h e r 

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

The E M S - i n d u c e d s t e r i l i t y , l i k e t h e MMS e f f e c t , i s 

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

s t a g e ( a s s u m i n g t h a t t h e r e p e t i t i v e b r o o d a n a l y s e s e m p l o y e d a r e 

c o m p a r a b l e ) . Bateman a n d C h a n d l e y a t t r i b u t e t h i s s t e r i l i t y 

t o i n d u c e d d o m i n a n t l e t h a l f a c t o r s w h i c h a c t e a r l y enough t o 

p r e v e n t h a t c h i n g o f eggs f e r t i l i z e d b y a f f e c t e d sperm. 

TEMPERATURE SEN S I T I V E LETHALS 

I t has b e e n d e m o n s t r a t e d t h a t some ts_ m u t a n t s i n phage 

r e s u l t f r o m s i n g l e b a s e s u b s t i t u t i o n s w h i c h p r o d u c e s i n g l e amino 

a c i d c h a n g e s i n t h e r e s u l t i n g p r o t e i n ( J o c k u s c h , 1 9 6 6 ) . The 

m u t a n t p r o t e i n has b e e n d e m o n s t r a t e d t o be t h e r m a l l y i n a c t i v a t e d , 

a s u p p o s e d c o n s e q u e n c e o f c o n f o r m a t i o n a l change o r i n s t a b i l i t y 

o f t h e p r o t e i n . T h e r e i s no a p r i o r i r e a s o n f o r a s s u m i n g t h a t 

t h i s t y p e o f mechanism c o u l d n o t p r o d u c e ts_ l e t h a l m u t a n t s i n 

h i g h e r o r g a n i s m s e x c e p t i n t h e s p e c i a l c a s e o f homeotherms 
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where a s u f f i c i e n t l y l a r g e f l u c t u a t i o n i n t h e r m a l c o n d i t i o n s i s 

h a r d t o e n v i s i o n . N e v e r t h e l e s s , H a r r i s (1967) has f o u n d one 

t h e r m a l l y u n s t a b l e enzyme i n a s t u d y o f enzyme p o l y m o r p h i s m i n 

a human p o p u l a t i o n . He p o i n t s o u t t h a t s i n c e t h e c o n d i t i o n s 

w h i c h b r i n g a b o u t i n s t a b i l i t y i n t h i s enzyme a r e o u t s i d e man's 

h o m e o s t a t i c l i m i t s , i t p r e s e n t s no p r o b l e m t o t h e o r g a n i s m . 

S i n c e i n D r o s o p h i l a numerous ts_ m u t a n t s a r e known ( b o t h 

v i s i b l e p h e n o t y p e s a n d l e t h a l s ) a n d s i n c e t h e u s e f u l n e s s o f 

t h e s e m u t a n t s ( p a r t i c u l a r l y _ts l e t h a l s ) has b e e n d e m o n s t r a t e d 

i n m i c r o - o r g a n i s m s ( H o r o w i t z , 1950; E p s t e i n , 1963) a n d 

D r o s o p h i l a ( C h o v n i c k , 1962; M i l k m a n , 1963) a s y s t e m a t i c 

s c r e e n i n g a n d c h a r a c t e r i z a t i o n o f ts_ l e t h a l m u t a n t s was 

u n d e r t a k e n ( S u z u k i e j b . a l , 1 9 6 7 ) . 

S u z u k i e_t a l (1967) r e p o r t e d t h e r e l a t i v e i n d u c t i o n 

f r e q u e n c i e s o f s e x - l i n k e d ts_ m u t a n t s i n d u c e d b y m i t o m y c i n C, 

X - r a y s , a n d EMS? 

1. I t was f o u n d t h a t EMS i n d u c e s p r o p o r t i o n a l l y more 

t s m u t a n t s r e l a t i v e t o l e t h a l s (10%) t h a n d i d 

m i t o m y c i n C (3.0%) o r X - r a y s ( 3 . 4 % ) . T h i s was 

t a k e n as i n d i r e c t e v i d e n c e t h a t _ts_ m u t a n t s a r e 

p o i n t m u t a t i o n s . S i n c e EMS p r o d u c e s few 

a b e r r a t i o n s i n D r o s o p h i l a ( L o v e l e s s , 1 9 6 6 ) , 

a n d has b e e n d e m o n s t r a t e d t o c a u s e m i s s e n s e 

m u t a t i o n s i n T4 phage ( K r i e g , 1 9 6 3 ) , i t w o u l d be 

e x p e c t e d t o y i e l d p r o p o r t i o n a l l y more t s 

l e t h a l s . 
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2. M o s t o f t h e s e x - l i n k e d Jbs m u t a t i o n s c o u l d b e 

l o c a l i z e d w i t h i n s i n g l e c r o s s o v e r r e g i o n s . 

A s r e p o r t e d i n t h i s t h e s i s , E M S - i n d u c e d s e c o n d chromosome 

t s l e t h a l s have b e e n o b t a i n e d . I f a c o m p a r i s o n i s t o be made 

betwe e n t h e p r o p o r t i o n o f ts_ l e t h a l s r e l a t i v e t o l e t h a l s on 

t h e r e s p e c t i v e chromosomes, t h e n t h e e s t i m a t e s o f l e t h a l 

f r e q u e n c y must be c o m p a r a b l e . A s p r e v i o u s l y m e n t i o n e d , X 

chromosome ts_ l e t h a l s map g e n e t i c a l l y a s p o i n t m u t a t i o n s . I f 

a chromosome c a r r y i n g a ts_ l e t h a l a l s o c a r r i e s a n o t h e r l e t h a l , 

t h e n t e m p e r a t u r e - s e n s i t i v i t y w i l l b e masked. Hence, o n l y ts_ 

l e t h a l s i n " s i n g l e h i t " chromosomes c a n be r e c o v e r e d . A n y 

c o m p a r i s o n o f ts_ i n d u c t i o n f r e q u e n c i e s s h o u l d i n v o l v e a 

c o r r e c t i o n f o r t h e number o f m u l t i p l e h i t chromosomes. The 

number o f " s i n g l e h i t " chromosomes c a n b e e s t i m a t e d i f t h e 

number o f h i t s p e r chromosome i s assumed t o f o l l o w t h e P o i s s o n 

d i s t r i b u t i o n . I n o r d e r t h a t t h i s t y p e o f a s s u m p t i o n may b e 

made, two r e s t r i c t i o n s must be c o n s i d e r e d : -

1. The r e c o v e r y o f l e t h a l s i s n o t a f f e c t e d b y t h e 

number o f ^ . e t h a l s i n d u c e d on a t r e a t e d chromosome. 

2. A l l E M S - t r e a t e d chromosomes w h i c h a r e s c o r e d a s 

l e t h a l s must be t h e r e s u l t o f p o i n t m u t a t i o n s . 

Do t h e s e r e s t r i c t i o n s a f f e c t t h e a p p l i c a t i o n o f t h e P o i s s o n 

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

t h e X a n d s e c o n d chromosome? The f i r s t r e s t r i c t i o n seems 

r e l a t i v e l y w e l l s a t i s f i e d s i n c e m u l t i p l e l e t h a l s t o c k s c a n be 

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

g r e a t l y a f f e c t e d . 
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The s e c o n d r e s t r i c t i o n c a u s e s a b i t more t r o u b l e . E v e n 

i f i t i s c o n c e d e d t h a t EMS does i n d u c e a h i g h f r e q u e n c y o f 

p o i n t m u t a t i o n s , i t does n o t mean t h a t a l l i n d i v i d u a l s s c o r e d 

a s l e t h a l a r e t h e r e s u l t o f a p o i n t m u t a t i o n . T h i s p r o b l e m was ' 

d i s c u s s e d i n t h e s e c t i o n on m o s a i c i s m . I t i s o b v i o u s t h a t t h e 

l e t h a l f r e q u e n c i e s on t h e X a n d t h e s e c o n d chromosomes a r e 

d i s t o r t e d i n d i f f e r e n t ways b y t h e o c c u r r e n c e o f m o s a i c s . S i n c e 

t h e f r a c t i o n o f s e c o n d chromosome l e t h a l - l e t h a l m o s a i c s w h i c h 

i s s c o r e d a s l e t h a l s , i s i n f a c t homozygous f o r t h e same 

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

o f a b a l a n c e d l e t h a l s c r e e n i n g w i l l n o t v i o l a t e t h e s e c o n d 

r e s t r i c t i o n . B u t , on t h e X t h e s e w i l l b e s c o r e d as l e t h a l s a n d 

r e c o v e r y o f a ts_ f r o m one o f t h e s e m o s a i c s w o u l d b e d i f f i c u l t . 

I n f a c t w i t h t h e X - s c r e e n i n g s y s t e m u s e d , i t w o u l d seem v i r t u a l l y 

i m p o s s i b l e t h a t a _ts l e t h a l c o u l d b e r e c o v e r e d f r o m one o f 

t h e s e m o s a i c s . Thus, i f an e s t i m a t e o f " s i n g l e h i t " l e t h a l s i s 

t o b e o b t a i n e d f o r t h e X-chromosome, t h e l e t h a l - l e t h a l m o s a i c s 

must be removed f r o m t h e e s t i m a t e l e t h a l f r e q u e n c y . 

The number o f X-chromosome m o s a i c s i s a b o u t e q u a l i n 

number t o t h e o b s e r v e d number o f X-chromosome c o m p l e t e l e t h a l s 

( E p l e r , 1 9 6 6 ; A l e x a n d e r , 1 9 6 7 ) . A l s o E p l e r has d e m o n s t r a t e d 

t h a t e v e n a t l e t h a l i n d u c t i o n r a t e s a s l o w a s 2 0 % , m o s t m o s a i c s 

a r e o f t h e l e t h a l - l e t h a l t y p e . A n e s t i m a t e o f c o m p l e t e l e t h a l 

i n d u c t i o n may be o b t a i n e d f o r t h e X-chromosome when t h e 

o b s e r v e d l e t h a l i n d u c t i o n r a t e was 6 0 % . The r a t e o f i n d u c t i o n 

o f c o m p l e t e l e t h a l s was e s t i m a t e d t o b e a p p r o x i m a t e l y 4 0 % . 
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Now a P o i s s o n d i s t r i b u t i o n may be assumed a n d a c o m p a r i s o n o f 

X and s e c o n d ts_ i n d u c t i o n r a t e s may be made. T a b l e I I I shows 

t h e s t e p s i n t h i s c a l c u l a t i o n . A s may b e seen, t h e e s t i m a t e d 

t s i n d u c t i o n r a t e s f o r t h e X a n d s e c o n d chromosomes a r e i n v e r y 

g o o d a g r e e m e n t . I t s h o u l d b e remembered t h a t t h e a s s u m p t i o n 

o f t h e P o i s s o n d i s t r i b u t i o n may n o t b e v a l i d . I n f a c t , 

R a p o p o r t (1962) r e p o r t s t h a t a t c h e m i c a l l y i n d u c e d l e t h a l r a t e s 

o f 77%, l e s s t h a n 1 0 % o f t h e chromosomes a r e m u l t i p l e h i t s . I f 

a P o i s s o n d i s t r i b u t i o n were t o be assumed, 4 4 % o f t h e 

chromosomes w o u l d be m u l t i p l e h i t s . However, R a p o p o r t does n o t 

r e p o r t t h e method b y w h i c h he came t o h i s e s t i m a t e o f m u l t i p l e 

h i t chromosomes. Hence, i t i s d i f f i c u l t t o e v a l u a t e t h e 

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

The s e c o n d chromosome _ts l e t h a l s a r e a l s o n o t s i g n i f i c a n t l y 

d i f f e r e n t f r o m t h e X chromosome ts_ l e t h a l s when p l a c e d i n t o t h e 

same a r b i t r a r y _ts c a t e g o r i e s , (See F i g u r e 7 ) ^ T h e s e _ts l e t h a l s , 

l i k e t h e ones on t h e X chromosome, were o f t e n n o t e d t o b e 

v i s i b l y m u t ant u n d e r p e r m i s s i v e c o n d i t i o n s . A l s o t h e a v e r a g e 

v i a b i l i t y o f t h e _ts l e t h a l s a t 17°C was s i g n i f i c a n t l y l o w e r t h a n 

t h e e q u i v a l e n t w i l d t y p e chromosome. B o t h t h e s e 

o b s e r v a t i o n s a r e i n a g r e e m e n t w i t h t h e f i n d i n g s i n 

m i c r o - o r g a n i s m s ( E p s t e i n , 1 9 6 3 ) . The s e c o n d chromosome ts_ 

l e t h a l s a r e s t a b l e w i t h r e s p e c t t o some e n v i r o n m e n t a l c h a n g e s 

( b o t t l e s o r v i a l s ) . I t was n o t e d t h a t t h e s e c o n d chromosome 

t s l e t h a l s had a v a r i e t y o f t i m e s o f a c t i o n (egg, f i r s t i n s t a r , 

e t c . ) . T h i s i s i n a g r e e m e n t w i t h t h e d e t a i l e d s t u d y o f t i m e o f 

a c t i o n f o r a number o f X chromosome ts. l e t h a l s (Duck, 1 9 6 7 ) . 



Single hit lethals estimated from Poisson distribution 
TABLE rn 

Site 
Number 

of 
Chromo somes 
Tested 

Number 
of 

Lethals 
Induced 

Number of 
lethals 
%of lethals 
Equivalent 

Classes 

Number of 
single hit 
lethal mutani 

Assuming 
Poisson Distribut 

Percent 
s ts 
Lethals 

X 
chromo some 1476 919 

623% 
50 

5.4% 
408 12.5% 

iO.3-14.8 
95% confidence limits 

IE 
chromo some 2990 1I08 

371% 
95 
8-6% 

872 10.9% 
8.9 -13.4 

95% confidence 
limits 
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Thus, i t seems t h a t t h e s e c o n d chromosome ts_ l e t h a l s a r e 

q u a l i t a t i v e l y s i m i l a r t o X chromosome ts_ l e t h a l s i n many ways. 

L i k e t h e X chromosome _ts l e t h a l s t h e y b e h a v e i n a manner 

c o m p a t i b l e w i t h t h e s u g g e s t i o n t h a t t h e y a r e p o i n t m u t a t i o n s . 

A s i d e f r o m t h e p r i m a r y o b j e c t i v e s o f t h e e x p e r i m e n t , two 

i n t e r e s t i n g s i d e o b s e r v a t i o n s have b e e n made. 

F i r s t i t was n o t e d t h a t s e v e r a l " r e v e r s e " _ts l e t h a l s 

were o b t a i n e d . T h e s e s t o c k s d i e a t 1 7 ° C a n d s u r v i v e a t 2 9 ° C 

a l t h o u g h t h e s u r v i v a l a t 2 9 ° C n e v e r e x c e e d e d 30%. T o b a r i 

(1966b) r e p o r t s t h e i s o l a t i o n o f a " r e v e r s e " ts_ m u t a n t f r o m a 

w i l d p o p u l a t i o n . The mechanism o f a c t i o n o f t h i s t y p e o f 

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

t h e e f f e c t i s t h e r e s u l t o f a m echanism i n v o l v i n g t h e i n t e r a c t i o n 

o f two f a c t o r s , enzyme k i n e t i c s a n d t h e enzyme c o n f o r m a t i o n a l 

s t a b i l i t y . 

F i n a l l y , one o f t h e s t o c k s a p p e a r e d t o b e h a v e a s a d o m i n a n t 

t s l e t h a l . p a r e n t s h e t e r o z y g o u s f o r t h i s chromosome when m a t e d 

a t 2 9 ° C p r o d u c e d eggs w h i c h d e v e l o p e d o n l y a s f a r a s t h e f i r s t 

i n s t a r . I f t h e s e p r o g e n y were removed f r o m t h e 2 9 ° C i n c u b a t o r 

t o room t e m p e r a t u r e p r i o r t o h a t c h i n g o f t h e e g g s ( a p p r o x i m a t e l y 

2 0 h o u r s a f t e r l a y i n g ) , t h e y d e v e l o p e d i n t o n o r m a l a d u l t s . A t 

l o w t e m p e r a t u r e , i n d i v i d u a l s h e t e r o z y g o u s f o r t h i s chromosome 

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

e x p e c t e d numbers. An a t t e m p t was made t o d e t e r m i n e w h e t h e r t h e 

l e t h a l f a c t o r was on t h e s e c o n d chromosome. V i r g i n f e m a l e s 

homozygous f o r t h e t r e a t e d s e c o n d chromosome were c o l l e c t e d 

f r o m t h e 17°c c u l t u r e s a n d were m a t e d t o Oregon-R m a l e s a t 29°c. 
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I f t h e l e t h a l f a c t o r was s i t u a t e d on t h e s e c o n d chromosome a n d 

was n o t a f f e c t e d b y t h e change i n b a c k g r o u n d g e n o t y p e , t h e n i t 

w o u l d be e x p e c t e d t h a t t h e r e w o u l d b e no o f f s p r i n g r e a c h i n g 

m a t u r i t y . I n f a c t t h i s c r o s s d i d y i e l d p r o g e n y . I t does n o t 

seem l i k e l y t h a t t h e d o m i n a n t f a c t o r c o u l d b e on t h e f o u r t h 

chromosome a n d r e c i p r o c a l c r o s s e s t o a n Oregon-R s t o c k 

e l i m i n a t e d t h e p o s s i b i l i t y o f s e x l i n k a g e . T h i s may b e a 

s y n t h e t i c d o m i n a n t l e t h a l r e q u i r i n g two o r more f a c t o r s on 

d i f f e r e n t chromosomes. Dominant s e c o n d chromosome Jts_ m u t a n t s 

have b e e n r e p o r t e d a s o c c u r r i n g i n n a t u r a l p o p u l a t i o n s 

( T o b a r i , 1 9 6 6 a ) . 

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

s e c o n d chromosome c o u l d p r o v e v e r y i n t e r e s t i n g . I f ts_ 

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

h e t e r o c h r o m a t i n , i t w o u l d be d e s i r a b l e t o r e c o v e r d o m i n a n t _ts 

l e t h a l s i n t h e s e r e g i o n s . S i n c e t h e r e i s some e v i d e n c e t h a t 

h e t e r o c h r o m a t i n may be r e d u n d a n t , an o r d i n a r y r e c e s s i v e l e t h a l 

w o u l d b e o f no u s e , t h e r e f o r e i t w o u l d b e masked b y t h e 

d u p l i c a t i o n s . 
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SUMMARY 

1. The monofunctional a l k y l a t i n g agent EMS w i l l induce 

temperature sensitive l e t h a l mutations on the X or the 

second chromosome of Drosophila melanogaster. 

2. The proportion of EMS-induced single h i t l e t h a l s (at 29°C) 

which are ts_ l e t h a l s i s not s i g n i f i c a n t l y d i f f e r e n t for 

the X and second Chromosomes. 

3. When _ts_ let h a l s from both chromosomes are placed into 

a r b i t r a r y categories of temperature s e n s i t i v i t y there i s 

no s i g n i f i c a n t difference i n t h e i r d i s t r i b u t i o n . 

4. Most second chromosome jbs l e t h a l s have reduced v i a b i l i t i e s 

under permissive conditions and sometimes display v i s i b l e 

aberrant phenotypes. 

5. As well as the recessive ts_ l e t h a l s , one autosomal dominant 

ts l e t h a l and several reverse ts_ l e t h a l s were recovered. 

6. A l l of these findings are compatible with the hypothesis 

that tjs l e t h a l mutations i n Drosophila melanogaster have the 

same mechanism as has been demonstrated i n micro-organisms. 
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