
T h e o r .  A p p l .  G e n e t .  50,  125 - 127  (1977) 

�9 by S p r i n g e r - V e r l a g  1977 

Differential Mutagenic Response in Selected Lines of 
Drosophila melanogaster 
D . L .  P a l e n z o n a ,  D.  G u e r r a  a n d  P .  C a s a n o v a  
I n s t i t u t e  of  G e n e t i c s ,  U n i v e r s i t y  of  B o l o g n a ,  B o l o g n a  ( I t a l y )  

S u m m a r y .  The  m u t a g e n i c  e f f i c i e n c y  of  i o n i z i n g  r a d i a t i o n s  h a s  b e e n  t e s t e d  on  d i f f e r e n t  l i n e s  of  Drosophila 
melanogaster. It h a s  b e e n  s h o w n  t h a t  d i f f e r e n t i a l  l e t h a l  e f f e c t s  a r e  o b t a i n e d  w h e n  i r r a d i a t e d  f e m a l e s  f r o m  d i f -  
f e r e n t  l i n e s  a r e  m a t e d  to f l i e s  c a r r y i n g  h e t e r o z y g o u s  l e t h a l  g e n e s .  The  r e s u l t s  s e e m  not  to  b e  a t t r i b u t a b l e  to  
d i f f e r e n t i a l  e x p r e s s i o n  of  t h e  l e t h a l i t y  in  t h e  v a r i o u s  c r o s s e s  p e r f o r m e d  wi th  t h e  i r r a d i a t e d  f l i e s .  T h i s  m i g h t  
s u g g e s t  t h a t  g e n e  a c t i v i t y  i s  i n v o l v e d  in t h e  e x p r e s s i o n  of  t h e  m u t a g e n i c  e f f e c t s  of  r a d i a t i o n s .  

Key  w o r d s :  Drosophila - M u t a n t s  - R a d i a t i o n  - L e t h a l s  - D o s e - R e s p o n s e  

I n t r o d u c t i o n  

It  h a s  r e c e n t l y  b e e n  f o u n d  ( A b r a h a m s o n  e t  a l .  1973 ; 

H e d d l e  a n d  A t h a n a s i o u  1975)  t h a t  t h e  r e s p o n s e  to  i o n -  

i z i n g  r a d i a t i o n s  m a y  b e  " n o r m a l i s e d "  by  a d j u s t i n g  t h e  

m u t a t i o n  f r e q u e n c y  f o r  t h e  a m o u n t  of  DNA p e r  n u c -  

l e u s .  T h e s e  r e s u l t s  w e r e  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  

r a d i o s e n s i t i v i t y  t a k e s  o n e  of  t h e  f o l l o w i n g  p a t t e r n s :  

a )  t h e  n u c l e u s  a n d  no t  t h e  l o c u s  d e t e r m i n e s  t h e  

t a r g e t  s i z e ;  

b )  t h e  s i z e  of  a l o c u s ,  a s  m e a s u r e d  by  i t s  m u t a b i l -  

i t y  f o l l o w i n g  i r r a d i a t i o n ,  i s  p r o p o r t i o n a l  to  t h e  t o t a l  

g e n o m e  s i z e  (DNA c o n t e n t )  f o r  t h e  s p e c i e s ;  

c )  t h e  e f f i c i e n c y  of  r e p a i r  of  g e n e t i c  d a m a g e  i s  

i n v e r s e l y  p r o p o r t i o n a l  to g e n o m e  s i z e ;  

d)  t h e  s i z e  of  m u t a t i o n a l  e v e n t s  i s  p r o p o r t i o n a l  to  

g e n o m e  s i z e .  

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

v i e w s  ( J u d d  e t  a l .  1972 ;  S p a r r o w  e t  a l .  1968;  U n d e r -  

b r i n k  e t  a l .  1968 ;  B r i t t e n  a n d  D a v i d s o n  1969 ;  C r i c k  

1971 ;  S h a n n o n  e t  a l .  1 9 7 2 ) .  

C o r r e l a t i o n  b e t w e e n  r a t e  of  m u t a t i o n  p e r  l o c u s  a n d  

g e n o m e  s i z e  s t r o n g l y  s u g g e s t s  t h a t  m u t a t i o n a l  e v e n t s  

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

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

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

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

i s  d i f f i c u l t  to  v e r i f y ;  h o w e v e r ,  a p a r t i a l l y  s u p p o r t i n g  

e x p e r i m e n t  c a n  b e  d e s i g n e d  to i n v e s t i g a t e  t h e  r e l a t i o n -  

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

a c t i v i t y .  

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

In o r d e r  to  i n v e s t i g a t e  t h e  e x i s t e n c e  of  s u c h  a c o n t r o l  
of  m u t a g e n i c i t y  a t e s t  w a s  d e v i s e d  i n v o l v i n g  t h r e e  
Drosophila melanogaster l i n e s :  two s t r a i n s ,  C a n t o n  
a n d  b c n  vg ,  a n d  a l i n e  (K)  d e r i v e d  f r o m  t h e s e  
s t r a i n s  by  c r o s s i n g  a t  e a c h  g e n e r a t i o n  w i ld  t y p e  a n d  
v e s t i g i a l  f l i e s ,  a n d  s e l e c t i n g  t h e  wi ld  t y p e  f o r  s h o r t  
w i n g .  L ine  K s e g r e g a t e s  v e s t i g i a l  a n d  wi ld  t y p e  f l i e s  
in  a b o u t  t he  s a m e  p r o p o r t i o n s .  Wi ld  t y p e  K f l i e s  c a r -  
r y  s o m e  l e t h a l  g e n e s ,  l i n k e d  to  t h e  2nd c h r o m o s o m e  
m a r k e d  by  t h e  vg  + a l l e l e ,  t h a t  a r e  no t  p r e s e n t  on  t h e  
h o m o l o g o u s  v g - m a r k e d  c h r o m o s o m e .  

The  k e y  e x p e r i m e n t  d e s c r i b e d  in  t h e  p r e s e n t  p a -  
p e r  c o n s i s t e d  of  i r r a d i a t i n g ,  a t  d i f f e r e n t  X - r a y  d o s e s ,  
v e s t i g i a l  g a m e t e s  f r o m  b o t h  t h e  K l i n e  a n d  t h e  b c n  vg  
s t r a i n ;  t h e  i r r a d i a t e d  v e s t i g i a l  f e m a l e s  w e r e  m a t e d  
to  h e t e r o z y g o u s  m a l e s  f r o m  K l i n e  ( w h i c h  c a r r y  l e -  
t h a l  g e n e s  on  t h e  vg  + 2nd c h ~ - 6 m o s o m e ) .  I n d u c e d  r e -  
c e s s i v e  l e t h a l s  on  t h e  v g - m a r k e d  2nd  c h r o m o s o m e ,  
t h a t  a r e  a l l e l i c  to t h e  v g + - c a r r i e d  l e t h a l s ,  wou ld  d e -  
t e r m i n e  t h e  l e t h a l i t y  of  t h e  r e s u l t i n g  v g + / v g  z y g o t e  
( w i l d  t y p e ) .  A s  a r e s u l t  t h e  p r o p o r t i o n  of  v e s t i g i a l  
a n d  wi ld  t y p e  f l i e s  in  t h e  p r o g e n y  wi l l  b e  a l t e r e d  in  
t h e  s e n s e  of  a d e c r e a s e d  wi ld  t y p e  f r e q u e n c y .  

The  X - i r r a d i a t i o n  was  p e r f o r m e d  by  t r e a t i n g  v i r -  
g in  v e s t i g i a l  f e m a l e s ,  o n e  d a y  o ld ,  f r o m  K l i n e  a n d  
b c n v f f  s t r a i n ,  w i th  f o u r  d o s e s :  1 . 5 ,  3 . 0 ,  4 . 5 ,  
6 . 0  K r .  ; t e n  r e p l i c a t e s  of  t he  t r e a t m e n t  w e r e  u s e d  
u n i r r a d i a t e d  f l i e s  w e r e  k e p t  a s  a c o n t r o l .  

A t e s t  of  r a d i o s e n s i t i v i t y  w a s  p e r f o r m e d  by  o b -  
s e r v i n g  t h e  h a t c h a b i l i t y  of  e g g s  f r o m  t h e  i r r a d i a t e d  
v e s t i g i a l  f e m a l e s  m a t e d  to v e s t i g i a l  m a l e s  f r o m  t h e  
s a m e  l i n e .  In e a c h  of  t e n  r e p l i c a t e d  t r e a t m e n t s  500 
e g g s  w e r e  o b s e r v e d .  
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Results 

The  o b t a i n e d  r e s u l t s  a r e  s h o w n  in  F i g .  1 a s  t h e  d i f f e r -  

e n c e  b e t w e e n  t h e  p e r c e n t a g e  of  w i l d - t y p e  a n d  v e s t i g i a l  

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

t h e  d o s e - r e s p o n s e  c u r v e .  It i s  e v i d e n t  t h a t  t h e  i r r a -  

diation of vestigial females from K lines and from 

bcn v~ strain resulted in quite different effects. In 

fact the difference between wild type and vestigial 

flies frequencies in the progenies of irradiated fe- 

males mated to wild type K males resulted in dose- 

response relationships which are strikingly different: 

higher for K • K than for bcnvgxK progenies. 

In Table 2 the coefficients of the dose-response 

curve are reported as observed when the irradiated 

vestigial females from K line and ben vg strain 

were mated to males from the same line. It may be 

noticed that no response is detectable following the 

X-ray treatments performed. 

D i s c u s s i o n  

A simple interpretation of the data reported above is 

not easy. However, it may be considered that: 

a) There is a differing efficiency of X-rays in in- 

ducing lethals in individuals from the two lines. This 

view seems not to be supported by the results of a 

control experiment also reported in Table I, nor by 

the results of egg hatchability data, after irradiation, 

shown in Table 2. These results seem to suggest that 

the different mutagenicity of the treatment on K and 

bcn vg females is related to the presence of the le- 

thals carried in the vg + 2nd chromosome of the K 

line. 

b) There is a differing efficiency of X-rays in in- 

ducing specific recessive lethals on the vK-marked 
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F i g .  1. D o s e  r e s p o n s e  c u r v e s  of p r o g e n i e s  f r o m  c r o s -  
s e s  b e t w e e n  i r r a d i a t e d  v g  K__ a n d  b c n  vg  f e m a l e s ,  a n d  
C a n t o n  a n d  K m a l e s  

2nd  c h r o m o s o m e  ( t h o s e  a l l e l i c  to  t h e  vg  + 2nd c h r o -  

m o s o m e  l e t h a l s  c a r r i e d  by  wi ld  t y p e  f l i w s  of  t h e  K 

l i n e ) ,  o r ,  a l t e r n a t i v e l y ,  a d i f f e r e n t  e f f i c i e n c y  of  t h e  

l e t h a l s  i n d u c e d ,  in  d e t e r m i n i n g  t h e  z y g o t i c  l e t h a l i t y .  

D i f f e r e n t i a l  r e p a i r  m e c h a n i s m s  a r e  no t  s u p p o r t e d  

by  r e s u l t s  in  T a b l e  2.  

Al l  t h e s e  v i e w s  i m p l y  s o m e  k i n d  of  c o n t r o l  of  t h e  

m u t a g e n i c  e f f e c t s  of  i o n i z i n g  r a d i a t i o n s .  

The  v i e w t h a t  d i f f e r e n c e s  of  m u t a g e n i c i t y  a r e  s o m e -  

wha t  r e l a t e d  to r e g u l a t o r y  m e c h a n i s m s  would  f i t  we l l  

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

in  t h e  p r e s e n t  r e s e a r c h  ( P a l e n z o n a  a n d  A l i c c h i o  1 9 7 3 ) ,  

s u g g e s t i n g  t h a t  a l a r g e  p a r t  of  t h e  d i f f e r e n c e s  r e s u l t -  

T a b l e  1.  R e g r e s s i o n  (b-+ s . e .  ) a n d  c o r r e l a t i o n  ( r )  c o e f f i c i e n t s  e s t i m a t i n g  t h e  r e l a -  
t i o n s h i p  b e t w e e n  t h e  X - r a y  d o s e  a p p l i e d  a n d  t h e  d i f f e r e n t i a l  m o r t a l i t y  b e t w e e n  wi ld  
t y p e  a n d  v e s t i g i a l  f l i e s  

i r r a d i a t e d  
99 v g / v g  c r o s s e s  g g + / v g  d . f  b *- s . e .  r 

b c n  v g  • 3 - 0 . 6 7 5  -+ 0 . 1 6  + - 0 . 9 3  
K x 3 - 5 . 3 9 6  + 0 . 6 6  ++ - 0 . 9 8  

b c n  vg  X F ( C a n t o n  X b e n  v g )  3 - 0 . 7 5 0  -+ 2 . 2 0  - 0 . 2 0  
K x F ( C a n t o n x b c n v g ,  3 1 . 1 9  -* 1 . 1 2  + 0 . 1 5  

+ = P < 0 . 0 5  
++ = P < 0 . 0 1  
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Tab l e  2. R e g r e s s i o n  (b + s . e .  ) and c o r r e l a t i o n  ( r )  
c o e f f i c i e n t s ,  r e f e r r e d  to t he  p e r c e n t a g e  of  h a t c h e d  
e g g s  o v e r  t he  X - r a y  d o s e  i r r a d i a t e d  v e s t i g i a l  f e m a l e s  
m a t e d  to u n t r e a t e d  v e s t i g i a l  m a l e s  

l i n e  b + s . e  r 

K,  v e s t i g i a l  - 0 . 8 9 6  +- 0 . 0 7  0 . 9 7  
s t r a i n ,  b c n  vg  - 1 . 1 2 2  • 0 . 1 2  0 . 9 8  

c o m p a r i s o n  b e t w e e n  the  two b, : t 6 d . f  ~ = 1 .69  
(P >0.10) 

ing  f r o m  the  s e l e c t i o n  p e r f o r m e d  a r e  a t t r i b u t a b l e  to 

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

S i n c e  i t  h a s  b e e n  a s s u m e d  ( B r i t t e n  and D a v i d s o n  

1969) that  the  a m o u n t  of  DNA i s  r e l a t e d  to the  r e g u l a -  

t ion  of  g e n e  a c t i v i t y ,  t he  h y p o t h e s e s  p r o p o s e d  in b)  

m a y  be  r e a d  a s  s u g g e s t i n g  tha t  t h e r e  i s  a r e l a t i o n s h i p  

b e t w e e n  a m o u n t  of DNA and s p e c i f i c  m u t a t i o n  r a t e  at  

a g i v e n  l o c u s .  
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