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Chemically-Induced Inheritable Semisterility in the Mosquito (Culex pipiens molestus ) 
As is a p p a r e n t  f rom the  recen t  f indings of inves t iga tors  

in d i f ferent  labora tor ies  1-3, the  induc t ion  of inher i tab le  
semis ter i l i ty  associa ted wi th  t r ans loca t ion  by  X- rays  in 
Culex  4, has  c rea ted  a new field of in te res t  for pure  genet ic  
cont ro l  of mosqui toes .  

In  t he  las t  few years  numerous  expe r imen t s  have  been  
conduc ted  on the  chemical  s ter i l i sa t ion of insect  pests ,  
mos t ly  w i th  t he  objec t ive  of p roduc ing  steri le males  for 
eradica t ion  purposes  5-7. Ye t  re la t ively  l i t t le  a t t en t i on  has  
been  given to  t he  actual  semister i l is ing effects  of such 
chemicals ,  which  m i g h t  lead to  t he  in t roduc t ion  of in- 
her i t ab le  le thal  genes in t he  popula t ion .  

In  an effor t  to  eva lua te  t he  effect iveness  of chemical  
mu tagenes  in t he  p roduc t ion  of le tha l  genes in Culex,  
exper imen t s  were conduc ted  wi th  a d i func t iona l  a lkyla t -  
ing mutagen ic  agent ,  PMS (1, 3 -p ropaned io l -d imethane-  
sulfonate) and  a te r ra togen,  tha l idomide  (e -phtha l imido-  
glutar imide)  which  was shown to  have  mutagen ic  effects  
in Culex  s. 

Mater ia l s  and  methods. The au togenous  s t ra in  of Culex  
f rom our l abora to ry  s t ra in  was  chosen for the  exper iment .  
I m m e d i a t e l y  af ter  t he  emergence  of t he  mosqui toes  f rom 
the  pupa l  stage, t h e y  were exposed  to  d e h y d r a t i o n  and  
s t a rved  for 24 h before offering t h e m  the  chemicals  mixed  
w i t h  10% sugar  meal.  Af ter  feeding the  males  on the  
chemical  (0.04% PMS and  sa tu ra t ed  solut ion of thal i -  
domide)  separa te ly  for abou t  24 h, t h e y  were crossed wi th  
normal  v i rgin  females.  The controls  were offered sugar  
meal  w i thou t  the  chemicals  under  t he  same condi t ions .  

E a c h  egg ra f t  recovered f rom the  t r e a t ed  insects  as well  
as the  controls,  was reared in a separa te  container .  W h e n  
the  ha t ch ing  of the  larvae was comple ted  af ter  48-90 h, 
counts  were made  to  de te rmine  the  n u m b e r  of embry o n -  
a ted  (Jr), u n e m b r y o n a t e d  ( - - )  and  h a t c h e d  larvae  (L) 
f rom each egg raft .  Raf t s  w i t h  more  t h a n  15% d o m i n a n t  
l e tha l i ty  (the t o t a l  of ( + )  and  ( - - )  eggs in 100) were 
cons idered  as semisteri le,  which  were isolated and  fu r the r  
s tud ied  for inher i tabi l i ty .  The males  f rom the  semisteri le  
F~-rafts were outcrossed  w i t h  normal  virgin females.  The 
F2-rafts ob ta ined  f rom such crosses, w i th  h igh  degree of 
semister i l i ty ,  were  e i ther  inbred  or ou tb red  for subsequen t  
genera t ions  to  conf i rm the  inher i t ab i l i ty  of the  induced  
le thal  genes. The  da t a  ob ta ined  f rom the  expe r imen t s  
were s ta t i s t ica l ly  analysed,  by  compar ing  the  pe rcen t  of 

( + )  and ( - - )  eggs in each genera t ion  w i t h  the  subsequen t  
ones, as p resen ted  in Tables  1 and 2. 

Resul ts  and  discussions.  As is a p p a r e n t  f rom the  analysis  
of t he  da t a  f rom b o t h  exper iments ,  in mos t  ou tb red  
series the  degree of d o m i n a n t  l e tha l i ty  was signif icant .  
Yet ,  the  inbred  s tocks ma in t a ined  had  a lmos t  a c o n s t a n t  
degree of semis ter i l i ty  (54% in PMS and  65% in thal i -  
domide  series) w i t h o u t  s ignif icant  differences be tween  the  
subsequen t  generat ions ,  wh ich  i tself  is a proof  for the  
inher i t ab i l i ty  of the  le tha l  genes:  The  main  difference 
observed  be tween  the  PMS and  tha l idomide  series were in 
t he  na tu re  of semister i le  raf ts ,  as p resen ted  in the  Figure.  
The reason for the  h igher  pe rcen t  of u n e m b r y o n a t e d  eggs 
in t he  tha l idomide  series, as no ted  in a previous  s tudy  9, 
m i g h t  be due to  the  na tu re  of t he  le thal  genes t h a t  
Mfected  the  d e a t h  of t he  embryos  a t  an early b l a s tode rm 
stage.  A fu r the r  cytological  s t u d y  on the  stock main ta ined ,  
m i g h t  t h r o w  more l ight  on the  actual  mechan i sm of th is  
phenomenon .  

The genet ic  basis  of d o m i n a n t  l e tha l i ty  is due to  in- 
duc t ion  of ch romosomal  damage  and  rea r rangements ,  
such as t rans loca t ions  or per icent r ic  inversions,  which  has 
been  shown in Culex  1 as well  as o the r  animals  1~ to  be 
associa ted w i t h  her i tab le  semister i l i ty .  

Due to  lack of morphologica l  differences in t he  chro- 
mosomes  of b o t h  sexes in Culex,  genet ic  de t e rmina t i on  of 

1 p. T. McDONALD and K. S. RAI, Science 768, 1229 (1970). 
2 K. S. RAX, P. T. McDoNALD and SR. M. ASMAN, Genetics 66, 635 

(1970), 
3 R. H. BAKER, R. K. SAKAI and A. MIAN, Science J77, 585 (1971). 
4 H. LAVEN, Nature 227,958 (1959). 

L. E. LACHANCE and J. G. RIEMANN, Mutation Res. 7, 318 (1964). 
6 L. E. LACHANCE, D. T. NORTH and W. KLASSEN, Principles ol In- 

sect Chemosterilization (Eds. C. LABRECQUE and C. N. SMIT~ ; Apple- 
ton-Centu-erafts, Meredith Corporation, New York 1968). 

7 K. S. RAI, Sterile-Male Technique/orEradicationorControlo/Harm- 
/ul Insects (International Atomic Agency, Vienna 1969), p. 107. 

s j .  D. AMIRKHANIAN, Experientia 26, 798 (1970). 
9 E. JosT and J. D. AmlRKHANIAN, Mutation Res. 13, 49 (1971). 

10 G. D. SNELL, E. BOBEMANN and W, HOLLANDER, J. Expl Zool. 67, 
93 (1934). 

11 B. ~r GILCttRIST and J. B. S. HALI)ANE, Hereditas 33, 175 (1947). 

Tabie I. Comparison of the degree of semisterility induced in different generations, when 1,3-propanediol, dimethanesulphonate (PMS) was 
used as mutagenic agent 

Generations compared Degree of freedom Embryonated eggs (+) Unembryonated eggs (--) (+) and (--) or semisterility 
(P) (P) (%) 

Control (%) 8.42 

F 1 and F2~ 15 <0.05 <0.01 F 1 76.59 

F2 �9 and F a 22 n.s. b n.s. F2 43.47 

F 3 and F 4 23 <0.01 n.s. F~ 47.03 

F4a and F5 12 0.05 n.s. F4 ~ 33.78 

F 5 and F e 13 n.s. F 5 68.43 

F 6 and F 7 16 n.s. n.s. F~ 43.90 

F 7 andF s 13 n.s. n.s. F 7 52.30 

F s F s 56.74 

~Outbred generations (male progenies of the treated groups outcrossed with normal virgin females), bn. s., not significant. 
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Table I I. Comparison of the degree of semisterility induced in different generations, when cr was used as mntagenic agent 

Generations compared Degree of freedom Embryonated eggs (+)  Unembryonated eggs (--) (+)  and (--) or semisterility 
(p) (p) (%) 

Control and F 1 54 < 0.05 < 0.01 F 1 36.6 

F 1 and Fa �9 29 < 0.01 n.s. F2 ~ 23.51 

F ~  and F3 19 n.s. 0.02 F a 67.41 

F a and F3 ~ 27 < 0.02 n.s. Fa~ 80.06 

Fa ~ and F4 �9 33 < 0.01 0.05 F4~ 65.24 

Fa~ and F4 b 33 n.s. n.s. F4b 67.38 

F4b and F~ 33 n.s. n.s. F~ 69.57 

F 5 and F s 19 n.s. n.s. F 6 67.72 

F e and F v 26 n.s. n.s. F v 68.01 

Outbread generations, bAnother outbred generation. 

s e x  is  b y  a s i n g l e  p a i r  of  g e n e s :  m a l e n e s s  (M/m)  b e i n g  
d o m i n a n t  o v e r  f e m a l e n e s s  ( m / m )  1~, w h e r e  M s i gn i f i e s  t h e  
d o m i n a n t  gone  for  m a l e n e s s  a n d  m i t s  a l l e l o m o r p h .  T h u s  
t h e  r e a s o n  w h y  in  t h e  p r e s e n t  e x p e r i m e n t  o n l y  t h e  m a l e  
m o s q u i t o e s  f r o m  t h e  F ,  p r o g e n i e s  of  t h e  t r e a t e d  m a l e s  
w e r e  t e s t e d  for  s e m i s t e r i l i t y  a s s o c i a t e d  w i t h  t h e  M / m  s e x  
d e t e r m i n i n g  f a c t o r  i n v o l v e d  in  t h e  t r a n s l o c a t i o n s .  T h e s e  

m a l e s  w i t h  t M t r a n s l o c a t i o n s  we re  a b l e  t o  t r a n s m i t  t h e  
s t e r i l i t y  a s s o c i a t e d  w i t h  i t  t o  t h e  s u b s e q u e n t  g e n e r a t i o n s  
of  t h e  i n b r e d  o r  o u t b r e d  s t o c k s .  

T h e  l oca l i z ed  c h r o m o s o m a l  a n o m a l i e s  i n d u c e d  in  d i f -  
f e r e n t  b i o l o g i c a l  s y s t e m s  b y  c h e m i c a l  m u t a g e n e s  ~2-~ is, 
i n d e e d ,  a n  e n c o u r a g i n g  f a c t  for  t h e  f u t u r e  m u t a g e n e s i s  
s t u d i e s  in  m o s q u i t o e s ,  w h i c h  c o u l d  be  a p p l i e d  for  t h e  
i n t r o d u c t i o n  o f  spec i f i c  g e n e t i c  c h a n g e s  in  a spec i e s .  A s  
s u g g e s t e d  b y  S e r e b r o v s k y  ~5, t h e  p o p u l a t i o n  o f  i n s e c t  p e s t s  
c o u l d  be  c o n t r o l l e d  spec i f i c a l l y ,  b y  t h e  i n t r o d u c t i o n  of  
spec i f i c  t r a n s l o c a t i o n s  in  t h e  p o p u l a t i o n .  W i t h  t h e  u s e  of  
c h e m i c a l  m u t a g e n e s ,  p e r h a p s ,  s u c h  r e s u l t s  c o u l d  b e  
a c h i e v e d  m o r e  e f f e c t i v e l y  t h a n  b y  i r r a d i a t i o n  t e c h n i q u e s ,  
w h i c h  h a v e  m o r e  r a n d o m  b i o l o g i c a l  e f f e c t s  ~6. 

T h e  m a i n  a d v a n t a g e  of  i n t r o d u c i n g  s e m i s t e r i l e  g e n e s  in  
t h e  p o p u l a t i o n  l ies in  t h e  f a c t  t h a t  d i s s e m i n a t i o n  of  t h e  
g e n e t i c  a b n o r m a l i t i e s  w o u l d  be  a c c o m p l i s h e d  f u r t h e r  i n t o  
t h e  p o p u l a t i o n  b y  t h e  s u r v i v o r s  of  t h e  t r e a t e d  p r o g e n i e s .  
T h u s ,  t h e  r e p r o d u c t i v e  p o t e n t i a l  of  t h e  i n s e c t  p e s t s  wil l  
be  r e d u c e d  w i t h o u t  a d d i t i o n a l  r e l e a s e  of  m o s q u i t o e s ,  o r  
t h e  c o n t a m i n a t i o n  of  t h e  e n v i r o n m e n t  b y  p o t e n t i a l l y  
d a n g e r o u s  c h e m o s t e r i l a n t s  17. 

Zusammen/assung. M i t  d e m  d o m i n a n t e n  M ~ n n l i c h -  
k e i t s f a k t o r  M a s s o z i i e r t e  S e m i s t e r i l i t ~ t  w u r d e  c h e m i s c h  
i n d u z i e r t  (1, 3 - 1 ) r o p a n d i o l - d i m e t h a n s u l f o n a t  u n d  T h a l i -  

d o m i d ) .  M ~ n n c h e n  m i t  t i - T r a n s l o k a t i o n e n  v e r e r b t e n  d ie  
S e m i s t e r i l i t ~ t  f a s t  k o n s t a n t  f iber  8 G e n e r a t i o n e n  we l t e r .  
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The mean of embryonated and unembryonated eggs in each genera- 
tion of tttalidomide and PMS stock of Culex pipiens as calculated 
from the second generation up to seventh generation. 
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