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Inherited Semis t er i l i t y  for Control  of H a r m f u l  I n s e c t s .  I I .  Degree  of Steri l i ty  and T y p e s  of T r a n s -  
locat ions  in the M o s q u i t o  Culex pipiens L. 

In the first paper of this series z basic figures have been 
presented on the production of translocations by X-ray 
irradiation in the mosquito Culex pipiens L. As outlined 
there the occurrence of semisterility in the F 1 offspring of 
irradiated males, outcrossed to normal females, was taken 
as evidence for the presence of a translocation. This has 
been confirmed by cytological investication in several 
semisterile lines. Only in one case investigated in this way 
was the observed semisterility due to a pericentric inver- 
sion instead of a translocation. For the practical applica- 
tion of semisterility as a measure for control of harmful 
animals it  seems be of no importance whether it is due to a 
translocation or a pericentric inversion. In both cases the 
heterozygotes are semisterile to a certain degree and the 
semisterility is inherited. 

However, two other characteristics of the semisteril i ty 
produced in this way are of paramount  importance for 
practical application, namely the degree of the sterility 
and the kind of chromosomes involved in the translocation 
or inversion. 

We have tested by now all in all 401 sperms, exposed in 
adult  males of the mosquito Culex pipiens L. to various 
dosages of irradiation and screened in the F1 for semi- 
sterility. Most of the tested F z animals revealed in the F ,  
eggs a lethali ty of under 10%. 277 of the 401 tested F 1 
animals laid egg batches with a lethali ty of under 10% 
(Figure 1). These animals are regarded as normal without  
a translocation, although the lethali ty in crosses between 
normal strains is somewhat lower (around 3%). 

The rest of the tested F 1 animals, 124 in all, produced 
egg rafts with lethalities higher than 10% and up to 85%. 
As may be seen from the graph the values are almost 
equally distributed between 10% and 50% (10-20%: 
28 cases; 20-30%: 21; 30-40%: 24; 40-50%: 28). There 
was no accumulation of le thal i ty  values either around 50% 
or 66%. A preponderance of lethali ty values around 50% 
would be expected, if during meiosis I in translocation 
heterozygotes the separation of alternate chromosomes 
prevailed. 66% lethali ty would be expected, if all 3 pos- 
sibilities of separation of chromosomes had the same chance. 
Out of the total  of 124 lethali ty values most are between 
10 and 50% (N ----- 101) and only less than 1/5 (N = 23) 
over 50%. 

F r o m  these figures it  becomes obvious tha t  all desired 
degrees of lethali ty up to 85% can be isolated from a 
series of tests of this size. Accordingly the extent  of the 
influence of the semisterility principle on a natural  popula- 
tion in practical application for control can be fixed at  
any level. 

The values in Figure 1 represent le thal i ty  in a single or 
at  the max imum two F= offspring. Many lines have been 
maintained for further generations. In  each line a 
variabil i ty of lethali ty values of + 1 0 %  with normal 
distribution around a mean was Observed. Therefore each 
translocation produces a fixed mean of lethali ty which 
does not  change from generation to generation. What  
determines the characteristic value of lethali ty for each 
translocation is still a mat ter  of speculation. I t  might  be 
connected with the size of the translocated chromosome 
segments, with the distance of the break points to the 
centromere or with the incidence of chiasmata in the 
altered chromosomes. 

From a practical standpoint,  translocations with a high 
degree of lethali ty would be desirable. Whether  the letha- 
lities of 60% and more, as reported here, are due to a 
single translocation has not been investigated. Recent  

experiments have shown tha t  double translocations will 
enhance the lethali ty to 80% and up to 93%. The results 
on the development of translocation lines with such high 
degrees of lethali ty will be presented in another part  of 
this series. 

The mosquito Culex pipiens has, as most other mos- 
quito species, 3 pairs of almost  metacentric chromosomes. 
One of these pairs, probably the smallest one, contains the 
sex-determining factors. The male is the heterozygous sex 
with the factor M for maleness and the factor m for female- 
ness. Females are homozygous m/m. With  a chromosome 
complement of 1 sex chromosome pair and 2 autosomal 
pairs, 3 types of reciprocal translocations can be expected. 
The first type of translocation is the one with an exchange 
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Fig. 1. Distribution of percentage of sterility of F 1 individuals of 
Culex pipiens L., derived from crosses of irradiated P males with 
normal P females. 
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Fig. 2. Types of transloeations produced with X-ray irradiation. 
For further explanation see text. 

1 H. LAVEN and E. JosT, Experientia 27, 471 (1971). 
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of c h r o m o s o m e  s e g m e n t s  b e t w e e n  t he  M - c h r o m o s o m e  a n d  
a n  a u t o s o m e  ( =  TM). T h e  second  t y p e  h a s  a n  exchange  
b e t w e e n  t h e  m - c h r o m o s o m e  a n d  an  a u t o s o m e  ( = Tin), a n d  
in  t h e  t h i r d  t y p e  e x c h a n g e  h a s  t a k e n  p lace  b e t w e e n  2 
a u t o s o m e s  ( =  Ta). I f  e x c h a n g e s  occur red  a t  r a n d o m  be- 
t w e e n  t h e  3 c h r o m o s o m e s  in a n  i r r a d i a t e d  spe rm,  t h e  T Mo 
a n d  Tm- t r ans loca t i ons  would  be  a l m o s t  twice  as  f r e q u e n t  
as  T~- t r ans loca t ions  acco rd ing  to  t h e  l e n g t h  of t h e  3 
c h r o m o s o m e s  (I = M or  m = 5.6 ~ m ;  I I  = 7.4 ~ m ;  
I I I =  8.1 ~m).  Our  o b s e r v a t i o n s  d id  no t  con f i rm  such  a n  
e x p e c t a t i o n  (F igure  2 a n d  Table) .  I n  al l  e x p e r i m e n t s  
Ta - t r ans loca t i ons  were  more  n u m e r o u s  t h a n  t h e  2 o t h e r  
types .  

Fo r  t he  t i m e  b e i n g  t he  m o s t  useful  t r a n s l o c a t i o n  is t h e  
T M type .  F i rs t ,  i t  is i n h e r i t e d  f rom t h e  f a t h e r  to  al l  sons.  
The re fo re  t h e  se lec t ion  of ma les  in a t r a n s l o c a t i o n  s t r a in  
of t h i s  t y p e  g u a r a n t e e s  t h a t  al l  se lec ted a n i m a l s  ca r ry  t he  
t r an s loca t i on .  I n  t h e  2 o t h e r  t r a n s l o c a t i o n  t y p e s  t h e  
t r a n s l o c a t i o n  is t r a n s m i t t e d  f rom t h e  p a r e n t s  to  ha l f  of t h e  
o f f sp r ing  in  e i t h e r  sex. T h e  s e p a r a t i o n  of a n i m a l s  w i t h  or  
w i t h o u t  t r a n s l o c a t i o n  in such  l ines  is v e r y  d i f f icu l t  or  
imposs ib le .  Second,  t h e  T M t r a n s l o c a t i o n  c a n  h a r d l y  be-  
come  h o m o z y g o u s  because  i t  is l i nked  w i t h  t h e  M f a c t o r  

Frequency of different translocations in Culex pipiens in 4 series 
of tests 

Series No. of trans- T M T 'n T~ 
locations 

1 31 7 3 21 
2~ 12 5 - 7 
3 ~ 21 8 - 13 
4 b 17 - 7 10 

Total 81 20 10 51 

* Only sperms with a M-chromosome tested, b Only sperms with a 
m-chromosome tested. 

wh ich  is a lways  h e t e ro zy g o u s  in t h e  males .  T h e r e  is t h e  
poss ib i l i ty  t h a t  t h e  T M t r a n s l o c a t i o n  can  b e c o m e  a Tm 
t r ans loca t i on ,  if c ross ing  ove r  occurs  b e t w e e n  t h e  b r e a k  
p o i n t  a n d  t h e  M factors .  Such  a n  e v e n t  h a s  so fa r  n o t  b e e n  
obse rved  in  5 se lec ted  TM s t r a i n s  for  ove r  20 g e n e r a t i o n s  
a n d  a t o t a l  of 500-1 ,000 offspr ings .  T h e  t r a n s f o r m a t i o n  of 
a T M in to  a T ra t r a n s l o c a t i o n  would  h a v e  as a s ingle  e v e n t  
no ser ious  in f luence  on  a co n t ro l  e x p e r i m e n t .  O n l y  if t h e  
c o m b i n a t i o n  of TM/T m or  T W T m  were viable ,  t h e  de-  
press ing  in f luence  of t h e  t r a n s l o c a t i o n  upon  a n a t u r a l  
p o p u l a t i o n  would  f ina l ly  be cancel led.  Th i s  c an  h a p p e n  
m u c h  ear l ie r  w i t h  a T m or a T a t r ans loca t ion .  There fo re  
we regard  T i t r a n s l o c a t i o n s  a t  p r e s en t  as t h e  m o s t  useful  
a n d  safe t y p e  for p r a c t i c a l  purposes .  T h a t  does no t  exc lude  
t h e  poss ib i l i ty  of us ing  a n  i n t e g r a t e d  s y s t e m  of one  or 
severa l  t r an s l o ca t i o n s ,  wh ich  are v i ab l e  in  h o m o z y g o u s  
condi t ion ,  c o m b i n e d  w i t h  a T M t r a n s l o c a t i o n  as a sa fe ty  
measure  to  p r e v e n t  t h e  f ix ing  of h o m o z y g o u s  t r ans loca -  
t ions  in n a t u r a l  p o p u l a t i o n s .  W e  are  a t  p r e s e n t  exp lo r ing  
t h e  poss ib i l i t ies  of d e v e l o p i n g  such  mu l t i p l e  t r ans loca -  
t ion  s t ra ins .  

Zusammen]assung. Fi i r  d ie  A n w e n d u n g  v o n  Semister i l i -  
t a t  infolge y o n  T r a n s l o k a t i o n e n  zur  BekAmpfung  sch~d-  
l icher  I n s e k t e n  is t  d e r  G r a d  d e r  Semis te r i l i t i t t  u n d  die A r t  
de r  zug runde l i egenden  T r a n s l o k a t i o n  yon  B e d e u t u n g .  Von 
den  b i sher  u n t e r s u c h t e n  124 T r a n s l o k a t i o n e n  h a t t e n  101 
e inen  Ster i l i tAtsgrad  zwisehen  10 u n d  50%,  23 fiber 50 
bis zu 85%. Mi t  d e m  mi tnn l i chen  G e s c h l e c h t s f a k t o r  M ge- 
koppe l te  T r a n s l o k a t i o n e n  s ind  zur  Zei t  die fiir die P rax i s  
a m  ni i tz l ichs ten .  Sie t r e t e n  n i c h t  so hAufig au f  als er- 
war te t ,  m a c h e n  a b e r  doch  r u n d  114 a l ler  g e t e s t e t e n  Trans -  
l oka t ionen  aus.  E s  w e r d e n  Gr i inde  angef i ih r t ,  wesha lb  
M-gekoppel te  T r a n s l o k a t i o n e n  n i i t z l i che r  s ind.  
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A P o s s i b l e  C a s e  o f  C e n t r i c  F i s s i o n  i n  a P r i m a t e  

T h e  m a i n  m e c h a n i s m s  in t h e  evo lu t i on  of m a m m a l i a n  
k a r y o t y p e s  h a v e  been  cen t r i c  (Robe r t son ian )  fus ion a n d  
pe r i cen t r i c  i nve r s ion  (BENIRSCHKE x). However ,  t h e  or ig in  
of some c o m p l e m e n t s  w i t h  h i g h  d ip lo id  n u m b e r s  a n d  a 
p r e d o m i n a n c e  of ac rocen t r i c  c h r o m o s o m e s  is d i f f icu l t  to  
exp l a in  (e.g. Tars ius ,  Cercopi thecus ,  Canis,  Bos,  etc.).  

I n  1967, TODD 2 (V. a lso 3-5) p u t  f o rwa rd  a h y p o t h e s i s  of 
k a r y o t y p e  e v o l u t i o n  t h r o u g h  succes ive  cycles of ch romo-  
somM fiss ion (explosive or  e r u p t i v e  spec ia t ion  ~,7) a n d  
c h r o m o s o m a l  s t a b i l i z a t i o n  b y  cen t r i c  fus ion a n d  per icen-  
t r ic  i nve r s ion  ( a d a p t i v e  rad ia t ion) .  As  we h a v e  ind ica t ed  
before  8, t he  t h e o r y  is e x t r e m e l y  appea l ing ,  b u t  a l t h o u g h  
TODD 2 s t a t e s  t h a t  'The  f i ss ioning p o s t u l a t e d  here  m u s t  be 
me io t i c  in  vivo,  a n d  t he  n e g a t i v e  ' ev idence '  aga in s t  i t  
w h i c h  is p r inc ipa l ly  based  on  d i rec t  soma t i c  or t i ssue  cul- 
t u r e  p r e p a r a t i o n s  is i nadmiss ib l e ' ,  t h e  m a i n  ob j ec t i on  to 
t h e  t h e o r y  ha s  been,  precisely,  t h a t  c h r o m o s o m a l  f ission 
ha s  n e v e r  been  obse rved  in a m a m m a l ,  a l t h o u g h  i t  is 
k n o w n  to  occur  in  o t h e r  o rgan i sms  (SouTHERN g). 

Recen t ly ,  we h a d  t h e  o p p o r t u n i t y  to  a n a l y z e  t he  chro-  
m o s o m a l  c o m p l e m e n t  of t h e  s ame  ma le  Presbytis entellus 
s tud i ed  b y  USmJIMA e t  al.  1°. T h e  a n i m a l  h a d  1 pa i r  of un-  
m a t c h e d  ch romosomes ,  wh ich  h a d  b e e n  i n t e r p r e t e d  as  t h e  
X a n d  t h e  Y. However ,  ex i s t ing  i n f o r m a t i o n  on  t he  chro-  

mosomes  of Presbytis n-t° i nd ica t e s  t h a t  these  ch romo-  
somes are rea l ly  au tosomes ,  a n d  t h a t  in our  a n i m a l  one  of 
t h e m  m u s t  h a v e  u n d e r g o n e  a de le t ion  of t h e  s h o r t  a rms.  
I n  a de ta i l ed  s t u d y  of t h e  a v a i l a b l e  p i c tu re s  f rom t h e  ma le  
Presbytis (k ind ly  g iven  to  us b y  Dr.  USHIJIMA), we were  
ab le  to  f ind  3 m e t a p h a s e s  (25%~ in  w h i c h  t h e  de le t ed  
s h o r t  a r m s  h a d  n o t  b e e n  lost.  Morpholog ica l ly ,  b o t h  au to -  
somal  a r m s  seem to  h a v e  a c e n t r o m e r e  (Figure) .  T h e  
f iss ioning e v e n t  would,  t h e n ,  h a v e  p r o d u c e d  a s tab le ,  long  
te locent r ic  (p resen t  in  al l  m e t a p h a s e s )  a n d  a r a t h e r  un-  

Normal autosome, with fragments of its deleted homologous on both 
sides to show length similarity of short and long arms. Arrows point 
to eentromeres on both fragments. 


