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Laboratory Evalution of a Translocation Double 
Heterozygote for Genetic Control of Aedes aegvptl" 
D . K .  U p p a l ,  C . F .  C u r t i s  and  V . K .  Soni  
W H O / I C M R  R e s e a r c h  U n i t  on  G e n e t i c  C o n t r o l  of  M o s q u i t o s ,  New D e l h i  ( I n d i a )  

Summary. Two pure translocation homozygote stocks, T• and Ta/Ts, were used to produce a double 
translocation heterozygote system designated T1/Ta, employing T• as the male and Ts/T3 as the 
female parent. The double heterozygote showed 73 ~ sterility when mated to wild females. Tests on mat- 
ing competitiveness, recombination frequency in the differential segment, insemination rate and inherit- 
ance of sterility after release, for four generations in laboratory cages, have been carried out to evaluate 
the efficiency of this strain as an agent for a population control programme. 

Key  w o r d s :  T r a n s l o c a t i o n  D o u b l e  H e t e r o z y g o t e  - Aedes aegypti 

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

The  p o s s i b l e  u s e  of  c h r o m o s o m e  t r a n s l o c a t i o n s  a s  a 

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

h a s  r e c e i v e d  m u c h  a t t e n t i o n  in  t h e  l a s t  few y e a r s .  Th i s  

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

d e g r e e s  of  s t e r i l i t y  due  to t h e  p r o d u c t i o n  of  c h r o m o -  

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

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

s t e r i l i t y  to  t h e  p r o g e n y .  T r a n s l o c a t i o n  h e t e r o z y g o t e s  

a r e  s e m i - s t e r i l e  w h e r e a s  h o m o z y g o t e s  a r e  g e n e r a l l y  

fu l ly  f e r t i l e  w h e n  m a t e d  w i th  t h e  w i l d  p o p u l a t i o n  ( S e r e -  

b r o v s k i i  1 9 4 0 ;  C u r t i s  i 9 6 8 )  bu t  a l l  t h e  p r o g e n y  wou ld  

b e  t r a n s l o c a t i o n  h e t e r o z y g o t e s .  The  i d e a  of  u s i n g  a 

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

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

to  a c h i e v e  h i g h  l e v e l s  of  s t e r i l i t y  w a s  d i s c u s s e d  by  

S e r e b r o v s k i i  ( i 9 7 i )  a n d  C u r t i s  a n d  R o b i n s o n  ( 1 9 7 1 ) .  

The  o t h e r  a d v a n t a g e s ,  a p a r t  f r o m  h i g h e r  s t e r i l i t y  in  

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

( a )  s u c h  a s t r a i n ,  w h i c h  i s  t h e  p r o d u c t  of  two h o m o -  

z y g o t e s ,  m a y  b e  m o r e  f i t  t h a n  t he  p a r e n t s  d u e  to  h e t e r -  

o s i s  ( S e a w r i g h t  e t  a l .  1 9 7 5 ) ,  a n d  

(b )  e a c h  m a l e  r e a r e d  a n d  r e l e a s e d  wou ld  i n t r o -  

d u c e  two t r a n s l o c a t i o n s  i n to  t h e  p o p u l a t i o n .  

R a i  e t  a l .  ( 1 9 7 4 )  h a v e  r e p o r t e d  s e v e r a l  m u l t i p l e  

t r a n s l o c a t i o n s  in  Aedes aegypt{ i n v o l v i n g  two o r  t h r e e  

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

t y .  N o r m a l l y ,  d o u b l e  h e t e r o z y g o t e s  i n v o l v i n g  two 

c h r o m o s o m e  p a i r s  p r o d u c e  a b o u t  50 g s t e r i l i t y  w h i l e  

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

a p p r o x i m a t e l y  75 ~ s t e r i l i t y ,  s o  t h a t  t h e  u s e  of  t h e  

l a t t e r  f o r  a p o p u l a t i o n  c o n t r o l  p r o g r a m m e  wou ld  s e e m  

a d v a n t a g e o u s .  H o w e v e r ,  t h e  o n l y  v i a b l e  t r a n s l o c a t i o n  

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

s o m e s  I a n d  3.  They  w e r e  c r o s s e d  to p r o d u c e  a 

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

e x p e c t e d i y  h i g h  s t e r i l i t y  ( U p p a l  e t  a l .  1 9 7 4 ) .  Th i s  

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

ous  w a y s  to a s s e s s  i t s  s u i t a b i l i t y  f o r  a p o p u l a t i o n  c o n -  

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

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

The  f o l l o w i n g  s t o c k s  w e r e  u s e d :  

i .  A s e x - l i n k e d  h o m o z y g o u s  r e c i p r o c a l  t r a n s l o c a -  
t i on  i n v o l v i n g  c h r o m o s o m e s  i a n d  3 ( L o r i m e r  e t  a l .  
1972)  d e s i g n a t e d  T I .  It  w a s  i n d u c e d  in  ' R O C K '  g e -  
n o m e ,  I n d i a n  g e n e t i c  b a c k g r o u n d  w a s  i n t r o d u c e d  b y  
b a c k c r o s s i n g  i t  w i th  t h e  D e l h i  w i l d  t y p e  s t o c k  a n d  i t  
w a s  t h e n  r e - e s t a b l i s h e d  a s  a h o m o z y g o t e .  The  egg  
h a t c h a b i l i t y  on  i n b r e e d i n g  r a n g e d  f r o m  3 5 - 6 0  ~. The  
t r a n s l o c a t i o n  b r e a k p o i n t  on  c h r o m o s o m e  i i s  3 - 4  
c r o s s - o v e r  u n i t s  f r o m  t h e  s e x  l o c u s  ( L o r i m e r ,  p e r -  
s o n a l  c o m m u n i c a t i o n  a n d  U p p a l ,  u n p u b l i s h e d  d a t a ) .  

2 .  A n o t h e r  s e x - l i n k e d  r e c i p r o c a l  t r a n s l o c a t i o n  
h o m o z y g o t e  i n v o l v i n g  t h e  s a m e  two c h r o m o s o m e s  a n d  
d e s i g n a t e d  Ts w a s  i n d u c e d  a n d  i s o l a t e d  in  D e l h i  w i ld  
s t o c k  a t  t h e  U n i v e r s i t y  of  N o t r e  D a m e  ( R a i  e t  a l .  
1 9 7 4 ) .  The  egg  h a t c h a b i l i t y  on  i n b r e e d i n g  of  t h i s  s t o c k  
r a n g e d  f r o m  7 0 - 9 0  %. The  t r a n s l o c a t i o n  b r e a k  p o i n t  
on  c h r o m o s o m e  1 i s  a b o u t  15 u n i t s  f r o m  s e x  a n d  
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c l o s e  to  t h e  w h i t e  e y e  (9) l o c u s  ( L o r i m e r ,  p e r s o n a l  
c o m m u n i c a t i o n  a n d  U p p a l ,  u n p u b l i s h e d  d a t a ) .  

3 .  A w i l d  t y p e  s t r a i n  c o l l e c t e d  f r o m  S o n e p a t  ( H a -  
r y a n a  S t a t e ,  I n d i a ) .  

D o u b l e  t r a n s l o c a t i o n  h e t e r o z y g o t e s  w e r e  g e n e r a l l y  
p r o d u c e d  by  c r o s s i n g  T• h o m o z y g o t e  m a l e  w i t h  
T s / T s  h o m o z y g o t e  f e m a l e s .  T h e s e  d o u b l e  h e t e r o z y -  
g o t e s  a r e  d e s i g n a t e d  T •  F o r  c o m p a r i s o n  i n  o n e  
t e s t  t h e  r e c i p r o c a l  c r o s s  w as  m a d e ,  y i e l d i n g  d o u b l e  
h e t e r o z y g o t e s  d e s i g n a t e d  T s / T ~ .  

S u r v i v a l  of  i m m a t u r e s  of  Tx/Ta  w a s  c o m p a r e d  
w i th  t h a t  of  t h e  S o n e p a t  s t r a i n  b y  r e a r i n g  to  p u p a t i o n  
250 1s t  i n s t a r  l a r v a e  of  e a c h  t y p e .  The  s a m p l e s  of  
e a c h  s t o c k  w e r e  d i v i d e d  i n t o  t h r e e  b a t c h e s  a n d  r e a r e d  
s i d e  by  s i d e  u n d e r  i d e n t i c a l  c o n d i t i o n s  of  food ,  w a t e r ,  
t e m p e r a t u r e  a n d  s p a c e .  T he  i n s e m i n a t i o n  c a p a c i t y  of  
T~/Ta m a l e s  w a s  c o m p a r e d  w i t h  t h a t  of  S o n e p a t  m a l e s  
by  p r o v i d i n g  a b a t c h  of  f ou r  y o u n g  v i r g i n  f e m a l e s  to  
e a c h  m a l e  on  two s u c c e s s i v e  d a y s .  Al l  t h e  m a l e s  w e r e  
of  t h e  s a m e  a g e  ( a p p r o x i m a t e l y  2 d a y s  o ld )  a t  t h e  b e -  
g i n n i n g  of  t h e  t e s t .  The  f e m a l e s  w e r e  d i s s e c t e d  a n d  
t h e i r  s p e r m a t h e c a e  w e r e  e x a m i n e d  f o r  t he  p r e s e n c e  
of  s p e r m s .  

M a t i n g  c o m p e t i t i o n  t e s t s  w e r e  c a r r i e d  o u t  in  2 m 
c u b e  o u t d o o r  c a g e s  a n d  i n  3 0 c m  c u b e  l a b o r a t o r y  
c a g e s .  T t / T 3  m a l e s ,  S o n e p a t  m a l e s  a n d  S o n e p a t  v i r -  
g in  f e m a l e s  a g e d  2 - 3  d a y s  w e r e  m i x e d  in  a 1 : 1 : 1  
r a t i o .  A f t e r  a 24 h o u r  m a t i n g  p e r i o d  t h e  f e m a l e s  
w e r e  f ed  o n  c h i c k e n  b l o o d ,  c o l l e c t e d  a n d  a l l o w e d  to 
d e p o s i t  e g g s  in  i n d i v i d u a l  v i a l s .  A f t e r  c o n d i t i o n i n g  
f o r  7 2 h r s ,  t h e  e g g s  w e r e  f l o a t e d  f o r  48 h r s  a n d  t h e  
h a t c h a b i l i t y  d e t e r m i n e d .  The  t o t a l  n u m b e r  of  e g g s  
a n d  n u m b e r  of  e g g s  h a t c h e d  f r o m  a l l  t h e  m a t i n g s  w e r e  
p o o l e d  a n d  t h e  c o m p e t i t i v e n e s s  w a s  c a l c u l a t e d  u s i n g  
t he  f o l l o w i n g  f o r m u l a  ( H a i s c h  1970)  : 

e = ~ w h e r e  e = c o m p e t i v e n e s s  of  Ta /T3  m a l e s  
f = egg  h a t c h a b i l i t y  f r o m  m i x e d  

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

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

T1 /Ts  m a t i n g s  
n = n o .  T I / T a  m a l e s / n o ,  w i ld  t y p e  

m a l e s  (= 1 i n  t h e s e  e x p e r i -  
m e n t s ) .  

A l a b o r a t o r y  t e s t  of  t h e  d e g r e e  of  i n h e r i t e d  p a r -  
t i a l  s t e r i l i t y  i n d u c e d  b y  T•  r e l e a s e s  w a s  c o n d u c t -  
ed  a s  f o l l o w s :  

In to  a 3 0 c m  c u b e  l a b o r a t o r y  c a g e ,  S o n e p a t  v i r g i n  
f e m a l e s  a n d  m a l e s  a n d  T~/Ta m a l e s  ( a l l  2 - 3  d a y s  
o ld )  w e r e  m i x e d  in  a 1 : 1 : 1 0  r a t i o .  E g g  p a p e r s  w e r e  
c o l l e c t e d ,  c o n d i t i o n e d  a n d  egg  h a t c h a b i l i t y  w a s  d e t e r -  
m i n e d .  The  l a r v a e  w e r e  r e a r e d  a n d  e q u a l  n u m b e r s  of  
t h e  m a l e s  a n d  f e m a l e s  w e r e  m i x e d  w i th  T•  m a l e s  
i n  a 1 : 1 : 1 0  r a t i o .  T h i s  p r o c e d u r e  w a s  r e p e a t e d  f o r  
f o u r  d i s c r e t e  g e n e r a t i o n s  w i th  a c h e c k  on  s t e r i l i t y  
l e v e l  a t  e a c h  g e n e r a t i o n .  A f t e r  t h e  f o u r t h  g e n e r a t i o n  
no  f u r t h e r  a d d i t i o n s  of  T~ /Ts  m a l e s  w e r e  m a d e  a n d  
t he  c a g e  p o p u l a t i o n  w a s  a l l o w e d  to b r e e d  w i th  d i s c r e t e  
g e n e r a t i o n s  u s i n g  t h e  t e c h n i q u e s  a l r e a d y  d e s c r i b e d .  

R e s u l t s  

The  a v e r a g e  f e r t i l i t y  of  T1 /T  3 m a l e s  w h e n  o u t c r o s s e d  

to  n o r m a l  v i r g i n  f e m a l e s  w a s  found  to b e  2 7 . 7  g ( T a b l e  

T h e o r .  A p p l .  G e n e t .  51 ( 1 9 7 8 )  

T a b l e  1.  F e r t i l i t y  of  T J T 3  and  Ta /T~ d o u b l e  h e t e r o -  
z y g o t e  m a l e s  m a t e d  to wi ld  t ype  f e m a l e s  

H a t c h  N u m b e r  of  A v e r a g e  
Type  of  m a t i n g  r a n g e  i n d i v i d u a l s  f e r t i l i t y  

in  % 

S o n e p a t  11 - 20 5 
9~ • T 1 / T 3 d ~  21 - 30 29 

(49  s i n g l e - p a i r  31 - 40 13 
41 - 50 2 

m a t i n g s )  

27 .7% 

S o n e p a t  11 - 20 0 
99 • T3 /T  1 dd  21 - 30 20 
(44  s i n g l e - p a i r  31 - 40 23 

m a t i n g s )  41 - 50 1 

3 2 . 0 %  

C o m p a r i s o n  of  m e a n s  : tea = 3 . 3 1 ,  P < 0 . 0 1  

T a b l e  2 .  D a t a  f r o m  r e a r i n g  l a r v a e  of  T•  a n d  t h e  
S o n e p a t  s t o c k  b a s e d  on  r e s u l t s  f r o m  250 1 ' t  i n s t a r s  
of  e a c h  s t o c k  

Type  of  % s u r v i v a l  to  F e m a l e :  M e a n  d u r a t i o n  of  
m a l e  p u p a l  s t a g e  m a l e  l a r v a l  l i f e  in  d a y s  

r a t i o  
F e m a l e  M a l e  

T 1 / T  3 9 6 . 1  1 . 2 6 : 1  5 . 1 8  4 . 8 8  

S o n e p a t  9 6 . 8  1 . 1 4 : 1  4 . 9 2  4 . 6 3  

1) w h e r e a s  t he  m a l e s  f r o m  t h e  r e c i p r o c a l  c r o s s  g a v e  

h i g h e r  f e r t i l i t y  (32 %). T h i s  d i f f e r e n c e  w a s  s i g n i f i c a n t  

a t  t h e  l % l e v e l  ( T a b l e  1 ) .  

F r o m  t h e s e  m a t i n g s  155 m a l e  a n d  f e m a l e  p r o g e n y  

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

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

no  w i l d  t y p e  r e c o m b i n a n t s  a s  a l l  t h e s e  m a t i n g s  w e r e  

s e m i - s t e r i l e .  It i s  c o n c l u d e d  t h a t  t h e r e  i s  l i t t l e  o r  no  

r e c o m b i n a t i o n  b e t w e e n  t h e s e  two  t r a n s l o c a t i o n s .  T 3 

a n d  T I a r e  d i s t i n g u i s h a b l e  b y  t h e i r  l i n k a g e  d i s t a n c e  

f r o m  w h i t e  e y e  (w)j a n d  i t  w a s  s h o w n  in  t e s t s  on  25 

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

f e m a l e  p r o g e n y  h a d  i n h e r i t e d  T3,  i . e .  t h e  t r a n s l o c a -  

t i o n s  h a d  r e t a i n e d  t h e i r  o r i g i n a l  l i n k a g e  to s e x  in  

t h a t  T 3 r e m a i n e d  l i n k e d  to  t h e  m l o c u s  a n d  T I to  M. 

The c o m p a r a t i v e  s t u d y  on  t h e  s u r v i v a l  of  i m m a -  

t u r e  s t a g e s  r e v e a l e d  no  d i f f e r e n c e  b e t w e e n  T I / T  3 

a n d  t h e  S o n e p a t  s t o c k s .  T a b l e  2 s h o w s  t h a t  in  a l l  r e -  

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

e x c e p t  t h a t  t h e  d e v e l o p m e n t  t i m e  f o r  T I / T  3 w a s  

s l i g h t l y  l o n g e r  t h a n  f o r  t h e  S o n e p a t  s t o c k .  The  r e -  

s u l t s  of  t e s t s  of  t h e  i n s e m i n a t i o n  p o t e n t i a l  of  f i v e  
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Table 3. Resu l t s  of mat ing  compet i t ion  t e s t s  of T~/Ts ma les  v e r s u s  Sonepat for Sonepat f emales  in a 
ra t io  in  f ield and l abo ra to ry  cages  

1 : 1 : 1  
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Age of Number  of mat ings  Hatched E s t i m a t e d  
ma les  e ggs /  compe t i -  
& females  Hatch r ange  in pe rcen t  Total Total t iveness  

Cage at the t ime  1- 11- 21- 31- 41- 51- 61- 71- 81- 91- no. eggs of T1/T 3 
used  of mat ing  10 20 30 40 50 60 70 80 90 100 mat ings  

( days ) 

Fie ld  2-3 0 2 29 19 6 4 4** 1"* 8 20 93 3005/5110 121% 
= 59% 

F ie ld  2-3 3 18 14 11 2 1 - I* 4 28 82 2205/4125 176% 
= 53.4% 

F ie ld  2-6 8 9 5 - - - 3 12 37 1331/2184 116 % 
= 6 0 . 8 %  

L a b o -  2 - 3  - 3 5 3 1 - - 1 " *  1 11 25 1 1 2 1 / 1 7 3 9  96% 
r a t o r y  = 64.3 % 

* Double i n s e m i n a t i o n  was proved to have o c c u r r e d  by f inding both s e m i - s t e r i l e  and n o r m a l  F1 ma les  
** P robab ly  due to double i n semina t ion  

Table 4. Egg hatchabi l i ty  f rom m a s s  mat ings  between 
var ious  t r ans loca t ion  genotypes 

Ser ia l  No. Type of mat ing  Number  of % egg 
eggs counted hatch 

F e m a l e  Male 

1 Sonepat X Sonepat 1110 97 
2 Sonepat x T1/T 3 2573 27 

3 TI /T  3 x Sonepat 1132 32 

4 TI/+ x Sonepat 570 45 

5 T3/+ x Sonepat 560 50 

6 T1/T 1 x Sonepat 281 80 

7 T3/T 3 • Sonepat 615 95 

8 T3/T 3 x TI /T  3 1463 18 

9 T3/+ x TI /T  3 1172 18 

I0 TI /T  3 x TI /T  3 565 11 

11 TI /+  x TI /T  3 508 17 

12 T3/+ • TI/+ 1146 25 

13 T1/+ x T3/+ 65 28 

14 TI /+ x TI /+ 146 37 

15 T3/+ x T3/+ 647 34 

16 T3/+ • TI /T  1 399 19 

17 T3/T 3 x TI /T  I 1482 43 

18 T3/T 3 x T3/T 3 1135 86 

19 TI /T  1 x TI /T  1 316 52 

20 T3/T 3 • r l / +  548 41 

21 r3 /+  • T3/T 3 446 24 

T1/T 3 ma les  showed that they i n se mi na t e d  a total of 

26 f ema le s ,  whereas  five Sonepat ma les  i n s e m i n a t e d  

20 f e m a l e s .  

Table 3 gives the data of four mat ing  compet i t ion  

t e s t s ,  of which th ree  were  c a r r i e d  out in  f ield cages 

and one in a l abo ra to ry  cage .  Each t ime  T1/T 3 males  

were  found to compete  approx imate ly  equal ly with 

Sonepat m a l e s ,  for mat ing  with Sonepat f e m a l e s .  

Table 4 l i s t s  the fe r t i l i ty  of mat ings  between v a r i -  

ous poss ib le  genotypes involving the two t r a n s l o c a -  

t ions .  Mating nos .  8, 9 and 12 a r e  of i n t e r e s t  be-  

cause  of unexpectedly  high s t e r i l i t y .  

In the l abo ra to ry  cage r e l e a s e  expe r imen t  the f e r -  

t i l i ty  level  dec l ined  to 17% af ter  th ree  genera t ions  of 

r e l e a s e  and the fourth r e l e a s e  caused  no fu r the r  de- 

c r e a s e  (Table 5 ) .  Subsequent ly  the progeny were  

b red  through s u c c e s s i v e  d i s c r e t e  gene ra t ions  without 

fur ther  r e l e a s e s  of T1/T 3 and the level  of fe r t i l i ty  

slowly i n c r e a s e d  f rom 20 % to 72 % over  eight gene ra -  

t ions  of b reed ing .  The f requency of t r ans loca t i ons  in 

a sample  of the populat ion was checked f rom t ime  to 

t ime  by ou t c ros s ing  the males  with wild type females  

and, at the las t  genera t ion ,  44 % of ma les  were  s ing le  

or double t r ans loca t ion  he te rozygo tes .  

The ou tc ross  progeny  of 31 fully fe r t i l e  ma les  at 

gene ra t ions  5 and 6 were  tes ted  and all p roved  to be 

fully f e r t i l e ;  thus the re  is  no evidence  for the p roduc-  

t ion of T3/T 3 homozygous m a l e s ,  which would be ful-  

ly fe r t i l e  and give s e m i - s t e r i l e  progeny on o u t c r o s s -  

ing .  
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Tab le  5. E f f e c t s  o f  r e l e a s e s  of  T~/T~ m a l e s  on f e r t i l i t y  
and a f t e r  t he  p e r i o d  of  r e l e a s e  

T h e o r .  App l .  G e n e t .  51 (1978)  

of  a p o p u l a t i o n  d u r i n g  

R a t i o s  
N u m b e r  of 
g e n e r a t i o n  C a g e  29 : C a g e  dd : T1/T 3 dd 

S a m p l e  of  
e g g s  % egg  
c o u n t e d  ha tch  

1 1 ~ : 1 ~ : 
2 1 : 1 : 
3 1 : 1 : 
4 1 : 1 : 

5 I n b r e e d i n g  - 1 
6 - 2  
7 -3  
8 - 4  
9 - 5  

10 - 6  
11 - 7  
12 - 8  

10 
10 
10 
10 

1245 46 
1640 33 
1575 17 
1810 20 

1716 28 
1700 29 
1700 31 
1800 41 
1700 49 
1704 62 
1235 69 
1770 72 

* Sonepa t  s t r a i n  

D i s c u s s i o n  

The T1/T 3 doub le  t r a n s l o c a t i o n  h e t e r o z y g o t e  shows  

m u c h  m o r e  than  50 ~ s t e r i l i t y  but  t h e r e  was  no e v i -  

d e n c e  fo r  r e c o m b i n a t i o n  b e t w e e n  the  two t r a n s l o c a -  

t i o n s .  This  s t r o n g l y  s u g g e s t s  tha~ c r o s s i n g  o v e r  o c -  

c u r s  f r e e l y  in  one  of  the  d i f f e r e n t i a l  s e g m e n t s  b e -  

tween  the  t r a n s l o c a t i o n  b r e a k p o i n t s ,  thus  c o n t r i b u t -  

ing  to the  n u m b e r s  of  u n b a l a n c e d  g a m e t e s  p r o d u c e d ,  

and r a i s i n g  the  s t e r i l i t y  l e v e l  we l l  a b o v e  50 g. H o w -  

e v e r ,  in the  o t h e r  d i f f e r e n t i a l  s e g m e n t  t h e r e  a p p e a r s  

to be  l i t t l e  o r  no c r o s s i n g  o v e r ,  so  that  the  t r a n s l o -  

c a t i o n s  cannot  c o m p l e t e  the  p r o c e s s  of  r e c o m b i n a -  

t i on .  Thus the  T1/T 3 c o m b i n a t i o n  a p p e a r s  to be  a n a l o -  

gous  to a double  t r a n s l o c a t i o n  i n v o l v i n g  c h r o m o s o m e s  

2 and 3 in P r o s o p h i l a  s t u d i e d  by R o b i n s o n  and C u r t i s  

( 1 9 7 2 ) .  The T1/T 3 c o m b i n a t i o n  d i f f e r s  m a r k e d l y  f r o m  

a t r a n s l o c a t i o n  c o m p l e x  in A.ae~pti i n v o l v i n g  a l l  

t h r e e  c h r o m o s o m e  p a i r s ,  in which  c r o s s i n g  o v e r  in 

the  s i n g l e  d i f f e r e n t i a l  s e g m e n t ,  g e n e r a t i n g  " n e w "  

c h r o m o s o m e  c o m b i n a t i o n s ,  was  e n h a n c e d  in f r e q u e n -  

cy  ( M c D o n a l d  and R a i  1 9 7 0 ) .  

The da t a  in Tab le  3 i n d i c a t e  good m a t i n g  c o m p e t i -  

t i v e n e s s  of  T1/T 3.  H o w e v e r ,  u n e x p e c t e d l y ,  a n o t h e r  

s e t  of  c a g e  t e s t s  and a f i e l d  t e s t  i n d i c a t e d  p o o r  c o m -  

p e t i t i v e n e s s  of  T1 /T  3 m a l e s  ( G r o v e r  et  a l .  1 9 7 6 ) .  

This  d i s c r e p a n c y  was  u n e x p l a i n e d  and t h e r e  i s  now 

no o p p o r t u n i t y  to i n v e s t i g a t e  i t  f u r t h e r .  

The e f f e c t  on f e r t i l i t y  of  r e l e a s e s  of  T1T 3 m a l e s  

in to  a p o p u l a t i o n  m a i n t a i n e d  with  d i s c r e t e  g e n e r a -  

t i ons  r e s e m b l e d  the  r e s u l t s  a c h i e v e d  in a f i e l d  c a g e  

e x p e r i m e n t  wi th  o v e r l a p p i n g  g e n e r a t i o n s  ( C u r t i s  et  

a l .  1976) .  The r e s u l t s  i l l u s t r a t e  s e v e r a l  g e n e r a l  

p r i n c i p l e s  of  t r a n s l o c a t i o n  r e l e a s e s  : 

1. A poin t  i s  r e a c h e d  at which  f u r t h e r  r e l e a s e s  do 

not r e d u c e  the  f e r t i l i t y  l e v e l .  

2.  The m i n i m u m  p o p u l a t i o n  f e r t i l i t y  l e v e l  i s  a p -  

p r e c i a b l y  l e s s  than  the  f e r t i l i t y  of  the  r e l e a s e d  m a l e s  

in c a s e s  w h e r e  f e m a l e s  i n h e r i t  p a r t i a l  s t e r i l i t y  and 

c o n t r i b u t e  to the  o v e r a l l  s t e r i l i t y  ( in  the  p r e s e n t  c a s e  

th is  r e m a i n s  t r u e  e v e n  if  m o s t  of  the  f e m a l e s  a r e  

T3/T 3 h o m o z y g o t e s  b e c a u s e  the  T3/T 3 • T1/T 3 m a t -  

ing  has  u n e x p e c t e d l y  low f e r t i l i t y  a s  shown in  Tab le  

4). 
3. A f t e r  the  t e r m i n a t i o n  of  r e l e a s e s  p a r t i a l  s t e r i -  

l i ty  i s  i n h e r i t e d .  H o w e v e r ,  i t  i s  a l m o s t  i n e v i t a b l e  that  

n a t u r a l  s e l e c t i o n  wi l l  e v e n t u a l l y  r e s t o r e  ful l  f e r t i l i t y .  

It m i g h t  h a v e  b e e n  e x p e c t e d  tha t  th i s  would  i n v o l v e  

the  p r o d u c t i o n  of  a popu l a t i on  of  T3/T 3 h o m o z y g o u s  

m a l e s  and f e m a l e s ,  t he  m a l e s  be ing  p r o d u c e d  a s  a 

r e s u l t  of  c r o s s - o v e r s  in T3/+ s i n g l e  h e t e r o z y g o t e s .  

H o w e v e r ,  in the  p r e s e n t  e x p e r i m e n t  and that  d e s c r i b e d  

by C u r t i s  et  a l .  (1976) T3/T 3 m a l e s  w e r e  not  d e t e c t -  

a b l e ,  s u g g e s t i n g  tha t  they  m a y  h a v e  r e d u c e d  f i t n e s s  

( L o r i m e r ,  p e r s o n a l  c o m m u n i c a t i o n ) .  

The e f f i c i e n c y  of  T1/T 3 as  a p o p u l a t i o n s u p p r e s s i o n  

s y s t e m  can  be  e n h a n c e d  by the  i n c o r p o r a t i o n  of  s e x  

r a t i o  d i s t o r t i o n  (Suguna  and C u r t i s  1974;  C u r t i s  et  

a l .  1976) .  It m a y  be  p o s s i b l e  to f u r t h e r  e n h a n c e  the  

e f f i c i e n c y  of  t he  s y s t e m  by i n c o r p o r a t i o n  of  t he  c l o s e -  

ly s e x  l i n k e d  r e c e s s i v e  g e n e  s h o r t  wing (Uppa l ,  C u r -  

t i s  and Soni 1976) in to  the  s y s t e m .  
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