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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. 
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s t ab l e  sho r t  t e locen t r i c  (presen t  in  25% of t h e  m e t a -  
phases) ,  I f  t h i s  is t he  case, ou r  f ind ings  sugges t  t h a t  1. 
c h r o m o s o m a l  f ission does occur  in  m a m m a l s ,  a t  leas t  a t  
t h e  level  of i n d i v i d u a l  c h r o m o s o m e s ;  2. some fission pro-  
duc t s  c an  be  h i g h l y  s t ab l e ;  a n d  3. e i t he r  cen t r i c  fus ion 
m e c h a n i s m s  invo lve  a d u p l i c a t i o n  of t h e  cen t romere ,  or  
t e locen t r i c  c h r o m o s o m e s  can  s o m e t i m e s  b e h a v e  in a nor-  
ma l  w a y  w i t h  ha l f  cen t romeres .  

Resumen. Los es tud ios  c romos6micos  l l evados  a cabo  en  
u n  m a c h o  de Presbytis entellus sugieren  que  los mecan icos  
de f is i6n c6n t r i ca  h a n  i n t e r v e n i d o  en  la  evo luc i6n  c romo-  
s6mica  de  los mamfferos ,  que  la  f is i6n p u e d e  p r o d u c i r  cro- 
m o s o m a s  te loc6nt r icos  es tables ,  y que  los m e c a n i s m o s  de  
fusi6n p u e d e n  acompaf i a r se  de  u n a  dup l i cac i6n  cen t ro -  
m6rica.  
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G e n e t i c  C o n t r o l  o v e r  t h e  D u r a t i o n  o f  G 1 P h a s e  

Genes  con t ro l  t h e  r a t e  of cell  r ep roduc t ion ,  m a n i f e s t i n g  
t h e i r  ef fects  in  one  or  severa l  cel l  sys tems .  A n u m b e r  of 
m u t a n t  genes  d i s t u r b i n g  t he  n o r m a l  r a t e  of cell  pro l i fera-  
t i on  in d i f f e ren t  o r g a n s  are  k n o w n  in  t h e  mouse .  As 
was  s h o w n  in ou r  ear l ier  work,  t h e  gene ocu la r  r e t a r d a -  
t i o n  (gene s y m b o l  or) i n h i b i t s  t h e  m i t o t i c  a c t i v i t y  of 
t h e  r e t i n a  an l age  cells a, a n d  t h e  gene  f idge t  (/i) - t h a t  
of t h e  b r a i n  a n d  eye-vesic le  cells 3. 

Accord ing  to  our  p r e s e n t  evidence ,  t h e  m u t a n t  genes  
or a n d  / i  in  t h e  mouse  s ign i f i can t ly  p r o l ong  t h e  pre-  
s y n t h e t i c  pe r iod  (Gx) of t h e  cell  cycle, r e su l t i ng  in t h e  
i n h i b i t i o n  of t h e  p ro l i f e ra t ive  ac t iv i ty .  

Material  and method. W e  s tud ied  t he  p a r a m e t e r s  of 
cell cycle a n d  t h e  p ro l i f e ra t ive  pool  of r e t i n a  an l age  cells 
in 10-day-old  embryos ,  h o m o z y g o u s  for  ocu la r  r e t a r d a -  
t i on  or  f idge t  genes.  N o r m a l  mice  ( + / + ) ,  w i t h  s imi la r  
gene t ic  b a c k g r o u n d ,  were  used  as cont ro ls .  To  d e t e r m i n e  
t he  p a r a m e t e r s  of t h e  cell cycle, we m a d e  a s ingle i.p. 
8 H - t h y m i d i n e  in j ec t ion  (spec. a c t i v i t y  1.4 Ci /mmole)  to  

t h e  p r e g n a n t  females  (5 vtCi/g of b o d y  weight ) .  T h e  
a n i m a l s  were  sacr i f iced a t  d i f f e ren t  per iods  f rom 30 m i n  
to  22 h. A t  leas t  2000 cells in  t h e  r e t i n a l  a n l a g e  of e ach  
e m b r y o  were  e x a m i n e d  to  e s t i m a t e  p e r c e n t a g e  of labe l led  
m i t o t i c  f igures.  F o r  t e r m  15 e m b r y o s  f rom 3 females  
were  o n  t h e  ave r age  ana lyzed .  I n  o rde r  to  d e t e r m i n e  t h e  
p ro l i f e r a t ive  pool  we m a d e  3, 6 or  10 r e p e a t e d  3H- thy-  
m i d i n e  in jec t ions  a t  3-h in te rva l s .  

D e p a r a f f i n e d  t r a n s v e r s e  sec t ions  t h r o u g h  e m b r y o s  
(5 ~tm th ick)  were coa t ed  w i t h  l iqu id  emul s ion  b y  d ipp ing ,  
exposed  for 2 weeks  a t  4°C, f ixed a n d  sub j ec t ed  to  
M a y e r  h e m a t o x y l i n  s t a in ing .  The  nucle i  were cons idered  
labe l led  if t h e y  c o n t a i n e d  more  t h a n  4 s i lver  gra ins .  
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Fig. 1. Percentages of labelled mitotic figures in the retina anlage of 10-day-old + / + ,  or/or and ]i//i embryos after pulse labelling 
with 3H-thymidine. Abscissa: hours; ordinate: % labelled mitoses. 


