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I n h e r i t e d  S e m i s t e r i l i t y  f o r  C o n t r o l  o f  H a r m f u l  I n s e c t s .  V .  T r a n s l o c a t i o n s  i n  Culex tritaenio-rhynchus 

Al ready  in 1940 SEREBROVSKY 1 and  r ecen t ly  LAVEN 9 
a n d  CURTIS S sugges ted  i nhe r i t ed  semis te r i l i ty  due  to t r ans -  
loca t ions  or pe r icen t r i c  invers ions  as a possible  m e a n s  for  
con t ro l  or e r ad i ca t i on  of pes t  insects .  E x p e r i m e n t s  h a v e  
the re fo re  been  u n d e r t a k e n  to  induce  c h r o m o s o m a l  aber-  
r a t i ons  in  mosqu i toes  b y  ioniz ing  i r r ad i a t i on  Culex pi- 
piens a, 5, A edes aegypti 6, A edes albopictus 5, C ulex tritaenio- 
rhynchus ~, v). Basic  d a t a  a b o u t  the  p r o d u c t i o n  and  t he  de-  
gree of semis te r i l i ty  due  to  d i f fe ren t  types  of t r ans loca -  
t ions  are r epo r t ed  for Culex pipiens in  t he  f i rs t  two  p a p e r s  
of t h i s  series s, 9. 

Culex tritaeniorhynchus, t h e  m a i n  vec to r  of J a p a n e s e  
encepha l i t i s ,  was selected for f u r t h e r  s tud ies  a b o u t  X - r a y  
induced  c h r o m o s o m a l  abe r ra t ions .  Several  1 -2 -day-o ld  
males  of t h i s  mosqu i to  species were i r r ad i a t ed  w i t h  dos- 
ages of 3500 R, 4000 R, 5000 R a n d  5500 R, a n d  i m m e d i a -  
t e ly  m a t e d  w i t h  n o r m a l  females.  The  i r r ad i a t ed  males  are  
more  or less sterile.  The  degree of s t e r i l i ty  depends  on  t he  
appl ied  dosages.  This  is expressed  in n o n - h a t c h i n g  eggs 
m o s t  of wh ich  show no  signs of e m b r y o n i c  d e v e l o p m e n t .  
The  l e t h a l i t y  va lues  o b t a i n e d  in our  i r r ad i a t i on  exper i -  
m e n t s  w i t h  Culex tritaeniorhynchus are c o m p a r a b l e  w i t h  
t h e  co r r e spond ing  p a r t s  of t he  dosage- response  curves  of 
o the r  m o s q u i t o  species (Culex pipiens 8, Anopheles pharo- 
crisis lo). 

A b o u t  ha l f  of t he  st i l l  h a t c h i n g  l a rvae  deve lop  n o r m a l l y  
a n d  t he  resu l t ing  F~ adu l t s  show n o r m a l  v i t a l i t y .  T h e y  
were ou tc rossed  to  n o r m a l  i nd i v i dua l s  w i t h  t h e  i n t e n t i o n  
to isola te  l ines w i t h  r educed  F 2 offspring.  This  s emis t e r i l i t y  
is due  to  a rec iproca l  t r a n s l o c a t i o n  or to  a pe r icen t r i c  in-  
vers ion.  T rans loca t i ons  p r e d o m i n a t e  in  t he  e x p e r i m e n t s  
w i t h  Culex piPiens 9 and  Culex tritaeniorhynchus 7. 

Appl i ca t i on  of 3500 R gave  in one e x p e r i m e n t  125 F ,  
offspr ings  (Figure  1), 25 of t h e m  w i t h  a s t e r i l i t y  b e t w e e n  
30% a n d  60% (group a), 9 o the r s  w i t h  a s t e r i l i t y  be t ween  
20% a n d  30% (group b) a n d  7 b e t w e e n  10% a n d  20% 
(group c). The  r e m a i n i n g  84 F 9 offspr ings  were normal .  

I n  t he  fol lowing gene ra t i on  21 of t he  F 2 of fspr ings  of 
g roup  a a n d  group  b were ou tc rossed  to d e t e r m i n e  t h e  
t y p e  of t r a n s l o c a t i o n  i n v o l v e d  in t he  semis ter i l i ty ,  i.e. 
w h e t h e r  t h e y  were sex- l inked  or au tosomal .  Group  c ani -  
ma l s  were  n o t  t e s t ed  for  reasons  of t h e i r  low le tha l i ty .  T h e  
fo l lowing resu l t s  were o b t a i n e d :  I n  9 l ines semis t e r i l i t y  
was  i n h e r i t e d  on ly  t h r o u g h  t h e  males  whereas  all  s is ter  fe- 
males  were  normal .  Th i s  m e a n s  t h a t  an  exchange  h a d  oc- 
cur red  b e t w e e n  t h e  c h r o m o s o m e  wh ich  carr ies  t he  sex de- 
t e r m i n i n g  fac to r  M for ma leness  a n d  1 of t he  2 au to somes  
( this  t y p e  of t r a n s l o c a t i o n  is cal led TM). 

I n  6 o the r  l ines semis te r i l i ty  was  i n h e r i t e d  t h r o u g h  b o t h  
sexes, i nd i ca t i ng  t r an s loca t i ons  be tween  t he  2 au tosomes  
( this  t y p e  of t r a n s l o c a t i o n  is cal led Ta).  

All these  15 t r a n s l o c a t i o n  l ines were m a i n t a i n e d  for 16 
genera t ions  in  he t e rozygous  condi t ion .  V iab i l i t y  was as 
good as in  t he  n o r m a l  s t ra in ,  t h e  degree of s t e r i l i t y  a n d  i ts  
v a r i a b i l i t y  was  c o n s t a n t  f rom gene ra t i on  to  genera t ion .  
The  Tab le  shows t h e  ave r age  degree  a n d  t he  v a r i a b i l i t y  of 
l e t h a l i t y  for each  of these  lines. There  is a n  obv ious  accu-  
m u l a t i o n  of s t e r i l i t y  pe rcen tages  a r o u n d  50% in c o n t r a s t  
to  t h e  v a r i a t i o n  of s t e r i l i t y  pe rcen t ages  in  Culex pipiens 3. 
T h a t  is to  be  expec t ed  if d u r i n g  meiosis  I in t r ans loca t i on  
he t e rozygo te s  on ly  2 of t he  3 segrega t ion  p a t t e r n s  were to  
occur,  i.e. t h e  a l t e r n a t e  d i s t r i b u t i o n  a n d  the  non -homo-  
logous a d j a c e n t  d i s t r i bu t ion .  W h e t h e r  th i s  is charac te r i s -  
t ic  for Culex tritaeniorhynchus c a n n o t  ye t  be  asser ted.  F~ 
offspr ings  w i t h  a l e t h a l i t y  s o m e w h a t  below 40% can  also 
be long  to a l ine w i t h  a n  ave rage  s t e r i l i ty  a r o u n d  50%, be- 
cause  the  semis te r i l i t y  va lues  w i t h i n  one line v a r y  w i th  
-4- 10 -15%.  F igure  2 p re sen t s  t he  degree a n d  the  va r i ab i -  

l i t y  of l e t ha l i t y  in  2 l ines (TM 14 and  TM 69). The  observed  
s t e r i l i t y  va lues  show a n o r m a l  d i s t r i b u t i o n  a r o u n d  a means  
wh ich  was c o n s t a n t  in  all  genera t ions .  The  r e m a i n i n g  13 
l ines gave c o m p a r a b l e  results .  

Ou t  of t he  21 F= offspr ings  t e s t ed  15 revealed  b y  t he  
mode  of i n h e r i t a n c e  of t he  semis te r i l i t y  clear ev idence  for 
t r ans loca t i ons  (Figure  1: t e s t ed  posi t iv) .  The  r e m a i n i n g  
6 F 2 offspr ings  t e s t ed  in t he  same  way  h a d  f i rs t  shown a 
s t e r i l i t y  be tween  20% a n d  30%.  I t  d i sappea red  in t he  n e x t  
gene ra t ion  or could be  found  in on ly  a few ind iv idua l s  
(Figure  1: t e s t e d  nega t iv ) .  Th i s  p h e n o m e n o n  is no t  cha-  
rac te r i s t i c  for  t r ans loca t ions ,  because  ha l f  of t he  offspr ing 
should  h a v e  been  t r a n s l o c a t i o n  carr iers .  
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Fig. 1. Degree of sterility in 126 F 9 offsprings of Culex tritaeniorhynchus 
after 3500 R irradiation of the P generation. 
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F r o m  th i s  o b s e r v a t i o n s  i t  can  be  a s s um ed  t h a t  t he  ma-  
j o r i t y  of s ingle t r an s loca t i ons  in  Culex tritaeniorhynchus 
reduce  t he  of fspr ing  to a b o u t  50%. Th i s  a s s u m p t i o n  was 
conf i rmed  b y  36 o t h e r  lines, wh ich  were i so la ted  a f te r  i r ra-  
d i a t i on  w i t h  4000 R, 5000 R and  5500 R. Most  of t h e m  
showe da  m e a n  va lue  of a b o u t  50%, on ly  3 l ines seem to be 
of a lower  degree of semis ter i l i ty .  Moreover ,  i t i s n o t p r o v e n  
w h e t h e r  t h e  semis t e r i l i t y  of these  low-s te r i l i ty  l ines is due  
to a t r a n s l o c a t i o n  or to  a pe r icen t r i c  invers ion .  Cytologi-  
cal  i n v e s t i g a t i o n  for one  of these  l ines is n o t  ye t  f in i shed  
b u t  i t  p o i n t s  to  a sho r t  per icen t r ic  invers ion .  There fore  
i t  is poss ib le  t h a t  single t r an s l oca t i ons  in Culex tritae- 
niorhynchus all  p roduce  a s imi la r  degree of l e tha l i ty ,  
n a m e l y  50 ~ 5%. Theore t i ca l ly  t h i s  would  m e a n  t h a t  dou-  
ble  t r ans loca t i ons  should  show a le thal i •  of a b o u t  75%.  

L i n e s  of such  a degree of semis te r i l i t y  h a v e  been  found,  
and  i t  is possible  t h a t  t h e y  con t a i n  2 t r ans loca t ions ,  s ince 
double  t r an s loca t i ons  in  Culex pipiens r evea l  a l e t h a l i t y  
be tween  75% a n d  90%.  

Fo r  5 of t he  9 t r a n s l o c a t i o n  l ines of t h e  T M  type ,  cyto-  
logical e x a m i n a t i o n s  Of t es tes  were made .  I n  two  l ines t he  
change  of c h r o m o s o m e  segmen t s  h a d  occur red  be t ween  
she smal l e s t  c h r o m o s o m e  a n d  one of t h e  la rger  ch romo-  
somes, in 3 o the r  lines, wh ich  did  b e h a v e  gene t i a l ly  in  t he  
t a m e  way,  t he  2 la rger  ch r om os om es  are  i n v o l v e d  in t he  
t r a n s t o c a t i o n  (F igure  3). These  o b s e r v a t i o n s  suggest ,  in  
c o n t r a s t  to  o the r  i nves t i ga t i ons  ~, t h a t  t h e  sex d e t e r m i n i n g  
fac tors  M a n d  m are  loca ted  on one of t he  two  larger  chro-  
mosomes .  

Average  degree  a n d  v a r i a b i l i t y  of semis te r i l i ty  in 15 lines of Culex 
tritaeniorhynchus 

No. of Type of Mean Standard Value of semisterility 
line trans- value deviation Minimum Maximum 

location (%) (%) (%) (%) 

8 TM 53.7 4- 5.7 37.3 67,4 

1 4 '  TM 53.3 ~- 7.6 41.3 78.1 

33 TM 48,1 • 9.6 32,0 66.9 

47 TI~I 54.3 4- 7.2 39.4 67.3 

69 TM 52.6 2[- 6.7 37.4 76,2 

70 TM 53.2 4- 7 .0 '  36.7 69.7 

73 TM 51.5 -t- 5.6 38.4 64.3 

79 TM 48.9 • 6.8 34.6 67.1 

96 TM 52.9 4- 5.6 38.8 67.1 

15 T a  48.5 4-10.8  31.6 64.6 

17 T a  44.8 4- 8,2 32.3 61.3 

24 T a  49.4 • 6.4 34.2 60.1 

44 T a  48.8 -I- 10.4 30.2 68,9 

94 T a  39,7 4 -11 .9  31.3 62.9 

103 T a  46.6 • 7.6 31.0 65,7 

30 

25 

ZO 

10 

rlean 

n = ~,Z5 

I"I, 1"-1, 

l,' 70 75 80% 
53.3 

Sterili~ 

35 

SO 

Z5 

Z0 

10 

M~an 

5z.a 
Sterility 

T M 6~ 
B 

n~q57 

•"L-• n ,n ,n 

Fig. 2. Va r i a t i on  of s te r i l i ty  p e r c e n t a g e s  wi th in  2 l ines of t ype  TM. 
A) Line  TM 14, 425 egg  raf t s .  B) Line TM 6 9 , 4 5 7  egg  raf t s .  

Fig.  3. P r o p h a s e  c h r o m o s o m e s  f rom tes tes  showing  a rec iproca l  
t r ans loca t i on  be tween  the  2 l a rge r  ch romosomes  (S = shor t  ch romo-  
some;  L, L '  = l a rge r  ch romosomes) .  

The  m e t h o d  app l i ed  in these  expe r imen t s  needs  no mar -  
ker  genes for t h e  i so la t ion  of c h r o m o s o m a l  aber ra t ions .  
Based  on  theo re t i ca l  cons ide ra t ions  th i s  is a n  a d v a n t a g e  
for mass  p r o d u c t i o n  and  field expe r imen t s  since m a r k e r  
genes o f ten  reduce  t h e  v i a b i l i t y  of t h e i r  carr iers  to  a level  
be low t h a t  of t he  wi ld  type .  

Zusammen/assung. Mit  un t e r sch i ed l i cben  Dosen von  
R 6 n t g e n s t r a h l e n  wurder t  be i  tier S techmficke  Culex tri- 
taeniorhynchus c h r o m o s o m a l e  A b e r r a t i o n e n  (vorwiegend 
rez iproke  T rans loka t i onen )  p roduz ie r t ,  die yon  der  zwei ten  
T o c h t e r g e n e r a t i o n  a n  e inen  k o n s t a n t e n  Grad  yon  Semi-  
sterilit~Lt zeigen. Die Mehrzah l  der  isol ier ten L in ien  zeigte 
im D u r c h s c h n i t t  eine Le ta l i t i i t  yon  e twa  50%.  Die Var ia -  
t i onsb re i t e  i n n e r h a l b  einer  Linie  b e t r u g  • 10-15 %. D u r c h  
cytologische U n t e r s u c h u n g e n  yon  P r o p h a s e c h r o m o s o m e n  
w u r d e n  die g e s c h l e c h t s b e s t i m m e n d e n  F a k t o r e n  M u n d  m 
auf  e inem der  b e i d e n  l angen  C h r o m o s o m e n  lokalis ier t .  
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