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Table II. Centromeric index of 8 species studied 
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Pair of chromosomes 1 2 3 4 5 6 7 8 9 10 11 

B. marinas 0.45 0.50 0.40 0.44 0.50 0.44 0.50 0.50 0.50 0.46 0.40 
B. paracnemis 0.40 0.50 0.37 0.34 0.44 0.39 0.50 0.50 0.50 0.50 0.40 
B. ictericus 0.50 0.45 0.38 0.33 0.40 0.40 0,44 0.50 0.42 0.50 0.50 
B. arenarum~ 0.48 0.36 0.41 0.48 0.45 0.50 0.47 0.45 0.45 0.45 0.42 
B.arenarumC~(somaticchromosomes) 0.47 0.39 0.42 0.48 0.44 0.48 0.45 0.44 0.45 0.44 0.43 
B. spinulosus spinulosus 0.41 0.45 0.50 0.33 0.40 0.39 0.46 0.44 0.45 0.50 0.48 
B.g. d'orbigny 0.47 0.45 0.33 0.45 0.49 0.45 0.45 0.45 0.47 0.50 0.50 
B. cruci]er 0.46 0.45 0.40 0.45 0.47 0.40 0.48 0.50 0.48 0.48 0.50 
B.g. [erna~z'~ae 0.46 0.49 0.33 0.46 0.40 0.46 0.45 0.45 0.45 0.50 0.45 

YOSIDA ~2 descr ibed  an X Y  pair  in the  male  Hyla 
arbores, WEILER and  O~INo2a found  h e t e r o m o r p h i s m  in 
the  f ema le  Xenopus laevis, IVIORESCALCHI s descr ibed  
t h e m  in Discoglosus pictus, and  MANNA and  BHUNYA 2~ 
r e p o r t e d  h e t e r o g a m e t y  in t he  B. melanostictus female.  
SAEZ et  al. 1-4 s tud ied  in de ta i l  t he  ex is tence  of the  sex  
ch romosomes  in a m p h i b i a  anu ra  special ly in t h e  B. are- 
nature species.  They  conc luded  t h a t  t he  p r e s u m e d  sex 
ch romosomes  found  in d i f fe ren t  species of a m p h i b i a  b y  
o the r  au thors  were  only  b iva le t s  t h a t  had  a d i f fe ren t  
behavior .  In  th is  work,  i t  was po in t ed  ou t  t h a t  th is  
b iva l en t  e l emen t  and  behav io r  are  only  c o m m o n  chro- 
mosomes  which  can have  d i f fe ren t  shapes ,  sizes and  
a f fec t  d i f fe ren t  c h r o m o s o m e s  of t he  s ame  individual .  
Therefore  we pos tu l a t e  t h a t  t he re  is no t  y e t  suff ic ient  
d a t a  avai lable  t o  p rove  t h e  ex i s tence  of t h e  sex  ch romo-  
somes,  inspire  of t he  presence  of d i f ferences  in size of  t he  
m e m b e r s  in a soma t i c  pa i r  oI homologues  ~.  

Resumen. Se e s tud ia ron  los car io t ipos  de  ocho especies  
de  Bufon idae  sudamer i canos :  B. arenarum, B. ictericus 

ictericus, B. paracnemis, B. marinus, B. cruci/er, B. gra- 
nulosus d'orbignyi, B. granulosus [ernandezae and  B. spi- 
nulosus. E n  todas  los especies se e n c o n t r a r o n  2n = 22 
ch romosomas .  No se encont r6  en el macho ,  n ingun  par  
he te romdrf ico ,  ni b iva len te  con carac te r i s t i cas  y compor -  
t a m i e n t o  que ind icara  la presencia  de  c romosomas  
sexuales.  
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Inher i t ed  S e m i s t e r i l i t y  for  Contro l  of  H a r m f u l  I n s e c t s .  I. P r o d u c t i o n s  of  S e m i s t e r i l i t y  due  to  
T r a n s l o c a t i o n  in the  M o s q u i t o ,  Culex pipiens L., by  X - R a y s  

Inhe r i t ed  semis ter i l i ty ,  i.e. the  inv iab i l i ty  of approx i -  
m a t e l y  hal f  of t h e  gametes  of an o rgan i sm and  as a 
consequence  hal f  of t he  zygotes,  was  observed  for t he  
f i rs t  t i m e  a l r eady  65 years  ago as a na tu r a l  p h e n o m e n o n  
in d i f fe ren t  p l a n t  species L Cytological  inves t iga t ions  on 
o the r  p l a n t  species p rov ided  the  clue to  t he  cause of 
semis te r i l i ty  2. Semister i le  ind iv idua ls  of p l an t s  or ani-  
mals  are he t e rozygo te s  for rec iprocal  c h r o m o s o m a l  t r ans -  
locat ions  or per icen t r ic  invers ions.  ~, 

Soon a f t e r  t h e  e p o c h - m a k i n g  d i scovery  o f  t h e  m u t a -  
genic a c t i v i t y  of X - r a y s  by  MULLER s, i t  was  recognized  
t h a t  ionizing i r r ad ia t ion  p roduces  to  a g rea t  e x t e n t  also 
c h r o m o s o m a l  abbe r r a t i ons  like t r ans loca t ions  a n d  inver -  
sions. Severa l  a u t h o r s  h a v e  s tud ied  the  p r o d u c t i o n  of 
t r ans loca t ions  in Drosophila u n d e r  q u a n t i t a t i v e  and  qua -  
l i t a t ive  aspec t s  4-G. A v e r y  in t e r re s t ing  side l ine of these  
inves t iga t ions  on t r ans loca t ions  was  t h e  ar t i f ica l  com-  
pos i t ion  of a Drosophila s t r a in  w i t h  2 d i f fe ren t  t r ans -  
locat ions,  which  was  r ep roduc t i ve ly  i so la ted  f rom no rma l  
s t ra ins  L 

Al ready  in 1940, SEREBROVSXY s sugges ted  t h e  release 
of ind iv idua ls  w i t h  t r ans loca t ions  in to  a na tu ra l  popula-  
t ion  as a new means  for pes t  control .  H o w e v e r  his pape r  
r ema ined  u n k n o w n  and  has  no t  s t imu la t ed  any  efforts  
for pes t  cont ro l  b y  the  m e c h a n i s m  suggested.  W i t h o u t  

k n o w i n g  the  p a p e r  of SEREBROVSKY, the  p re sen t  au tho r  ~ 
and  CURTIS 10 have  recen t ly  and  i n d e p e n d e n t l y  again  
sugges ted  t r ans loca t ions  and  the  ensuing semis ter i l i ty  as 
a poss ib i l i ty  for cont ro l  of h a r mf u l  insects.  We were  led 
to  th is  new a p p r o a c h  a f te r  t he  f i rs t  successful e rad ica t ion  
of t he  mo s q u i t o  species Culex /atigans in a B u r m e s e  
vi l lage t h r o u g h  the  p reex i s t ing  mechan i sm of cy top l a smic  
i n c o mp a t i b i l i t y  n .  This  is a ve ry  rare  genet ica l  mecha -  
n ism,  only  k n o w n  f rom no t  more  t h a n  3 d i f f e r en t  g roups  
of insects  (4 species). Therefore  we s t a r t e d  to  exp lore  
t h e  poss ib i l i ty  of  p roduc ing  t r ans loca t i ons  a n d  semi-  
s te r i l i ty  in  d i f fe ren t  mosqu i to  species.  
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I n  th i s  series of c o m m u n i c a t i o n s  some bas ic  d a t a  of 
these  i nves t i ga t i ons  wil l  be  p re sen ted .  P a r t  of t he se  d a t a  
h a v e  a l r eady  b e e n  p u b l i s h e d  in  s u m m a r y  fo rm in a n o t h e r  
p a p e r  ~.  Howeve r ,  a more  de ta i l ed  a c c o u n t  seems  to  b e  
a p p r o p r i a t e  for  2 reasons .  F i rs t ,  t h e  a p p l i c a t i o n  of t r a n s -  
l oca t ions  in  l a b o r a t o r y  e x p e r i m e n t s  ~3 a n d  r ecen t l y  for  
t h e  f i r s t  t i m e  in t h e  f ield aga i n s t  a m o s q u i t o  species ha s  
p r o v e d  t h a t  t h i s  gene t i ca l  m e c h a n i s m  c a n  suppress  a 
n a t u r a l  p o p u l a t i o n  to  a v e r y  low l eve l 1 !  Second,  in  
seve ra l  l abo ra to r i e s  a t t e m p t s  a re  m a d e  to  p r oduce  t r a n s -  
l oca t i on  s y s t e m s  in  o t h e r  insec t  species a n d  the se  h a v e  
b e e n  p a r t l y  successful~5-1L T he  d a t a  p r e s e n t e d  he re  
cou ld  p r o b a b l y  p r o m o t e  r e sea rch  of t h e  s a m e  t y p e  w i t h  
o t h e r  insec ts  h a r m f u l  for  man ,  domes t i c  a n i m a l s  or  crops.  

The  model  insect ,  w i t h  w h i c h  these  i nves t i ga t i ons  h a v e  
been  conduc ted ,  is t h e  c o m m o n  m o s q u i t o  Culex pipiens. 
I t  c an  easi ly be  r ea red  a n d  m a i n t a i n e d ,  h a s  a r a t h e r  h i g h  
n u m b e r  of o f f spr ing  pe r  f emale  a n d  can  be  crossed in 
s ingle  pairs .  I n  a l l  e x p e r i m e n t s  for  t h e  i n d u c t i o n  of 
c h r o m o s o m a l  t r ans loca t ions ,  ma les  2-3  days  a f t e r  emer-  
gence f rom p u p a e  (P genera t ion)  were  i r r a d i a t e d  w i t h  
X - r a y s  a n d  m a t e d  to  v i rg in  females .  S u r v i v i n g  of fspr ing  
(F1) f rom these  crosses, ma les  as well  as females,  were  

a g a i n  ou tc rossed  to  n o r m a l  an imals ,  t h i s  t i m e  in s ingle  
pairs .  A n y  r educed  F ,  o f f spr ing  f rom these  crosses (semi- 
s ter i l i ty)  i nd i ca t e s  t he  p r o d u c t i o n  of a t r a n s l o c a t i o n  or  
of a pe r i cen t r i c  i nve r s ion  in one  s p e r m  of t h e  P males .  
I n  o rde r  to  ve r i fy  t he  n a t u r e  of t he  c h r o m o s o m a l  abe r r a -  
t ion ,  such  of fspr ings  were  c o n d u c t e d  t h r o u g h  2 -3  more  
gene ra t i ons  of ou tc ross ing  or  backcross ing .  I n  t h i s  w a y  
t h e  k i n d  of t r an s loca t i on ,  w h e t h e r  sex - l inked  or  au to -  
somal ,  c an  eas i ly  be  conf i rmed .  P a r t  of t h e  l ines  w i t h  
i n h e r i t e d  s emi s t e r i l i t y  h a v e  also b e e n  i n v e s t i g a t e d  cy to -  
logical ly  a n d  in  m o s t  cases t h e  p re sence  of t r a n s l o c a t i o n s  
was  conf i rmed .  

T h e  f i rs t  e f fec t  of i r r a d i a t i o n  is t he  p r o d u c t i o n  of 
gross c h r o m o s o m a l  a b e r r a t i o n s  w h i c h  lead to  l e t h a l i t y  
of p a r t  of t he  F 1 offspr ing.  T h e  e x t e n t  of t h i s  so-cal led 
d o m i n a n t  l e t h a l i t y  is co r re l a t ed  w i t h  t h e  i r r a d i a t i o n  
dosage.  F igure  1 shows t h e  degree  of d o m i n a n t  l e t h a l i t y  
for  t h e  m o s q u i t o  Culex pipiens for  va r i ous  X - r a y  dosage 
f r o m  500-8000 R (curve  A). S imi la r  d0se - response -curves  
h a v e  b e e n  found  in o t h e r  m o s q u i t o s  ~s a n d  o t h e r  d i p t e r a n  
insec t s  ~. I n s p e c t i o n  of t he  n o n - h a t c h i n g  eggs r evea l s  
t h a t  m o s t  of t h e m  are  n o t  e m b r y o n a t e d  (curve B). 
O b v i o u s l y  t he  d o m i n a n t  l e t h a l  fac to rs  p roduced  b y  t h e  
i r r a d i a t i o n  express  t h e m s e l f  d u r i n g  t h e  f i r s t  c leavage  
d iv i s ions  l ead ing  to  t he  v e r y  ear ly  d e a t h  of t he  em br yo .  
The  s ame  e v e n t  ha s  been  found  in house  flies a f t e r  t he  
a p p l i c a t i o n  of c h e m o s t e r i l a n t s  ~0 

Only  a b o u t  60% of t h e  n o r m a l l y  h a t c h i n g  eggs deve lop  
to  n o r m a l  a d u l t s  of b o t h  sexes. T he  d e a t h  of p a r t  of t h e  
l a rvae ,  p u p a e  or  a d u l t s  is v e r y  l ike ly  also due  to  d o m i n a n t  
l e tha l s  h a v i n g  t h e i r  p h a s e  of a c t i v i t y  p r e d o m i n a n t l y  in  
t h e  f i r s t  (25% of dea th )  o r  f o u r t h  (28%) l a r v a l  i n s t a r  
a n d  in t h e  p u p a l  s t age  (37%).  

E v e r y  a n i m a l  in  t h i s  F I g e n e r a t i o n  is de r ived  f r o m  one  
of t i le  i r r a d i a t e d  s p e r m s  of t h e  P ma le s  a n d  a n o r m a l  
egg f r o m  t h e  m o t h e r .  I f  t h e  s p e r m  ca r r i ed  a c h r o m o s o m a l  
a b e r r a t i o n  l ike a t r ans loca t i on ,  t h e  r e su l t i ng  a n i m a l  
shou ld  be  he t e rozygous  for  t h i s  a b e r r a t i o n .  As  a conse-  
q u e n c e  i t  shou ld  be  semis te r i l e  owing  to  t h e  fac t  t h a t  
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  p roduce  p a r t l y  g a m e t e s  w i t h  
a ful l  c o m p l e m e n t  of genes  a n d  p a r t l y  such  w i t h  defi-  
c iencies  for  ce r t a in  genes  a n d  dup l i c a t i ons  for  o t h e r  
genes. As a consequence  p a r t  of t he  F ,  o f f spr ing  wil l  die, 
w h e n  such  t r a n s l o c a t i o n  a n i m a l s  are ou tc rossed  to  n o r m a l  
p a r t n e r s .  T h a t  is t he  p h e n o m e n o n  of semis te r i l i ty .  

I n  severa l  e x p e r i m e n t a l  series w i t h  d i f f e ren t  dosages  
of i r r ad i a t i on  b e t w e e n  500 a n d  5000 R we h a v e  t e s t ed  

al l  a v a i l a b l e  F 1 a n i m a l s  of b o t h  sexes for semis te r i l i ty .  
F igu re  2 shows t h e  p e r c e n t a g e  of semis te r i l e  i nd iv idua l s  
for  t he  d i f f e ren t  dosages  appl ied .  W i t h  dosages  b e t w e e n  
500 a n d  3000 R,  on ly  b e t w e e n  10 a n d  20% of t h e  sur-  
v i v i n g  a n i m a l s  are  semister i le .  W i t h  h ighe r  dosages  
b e t w e e n  3500 a n d  5000 R,  t h e  p e r c e n t a g e  increases  
f a s t e r  u p  to  50% w i t h  5000 R.  Th i s  increase  w i t h  h i g h e r  
dosages  c a n  be  expec t ed  as a r e s u l t  of t h e  increase  of  
s i m u l t a n e o u s  b r e a k s  in d i f f e ren t  ch romosomes .  

These  va lues  for  t o t a l  t r a n s l o c a t i o n  p r o d u c t i o n  in  
Culex pipiens a f t e r  i r r a d i a t i o n  of m a t u r e  s p e r m  a p p e a r  
e x t r e m e l y  h igh  in c o m p a r i s o n  w i t h  va lues  o b t a i n e d  f rom 
o t h e r  insects .  U n f o r t u n a t e l y  t he  d a t a  of on ly  v e r y  few 
e x p e r i m e n t s  w i t h  Drosophila can  be  c o m p a r e d  d i r ec t l y  
w i t h  ou r  resul ts ,  because  in b o t h  cases t o t a l  p r o d u c t i o n  
of t r a n s l o c a t i o n s  ha s  b e e n  measu red .  I n  o t h e r  exper i -  
m e n t s  w i t h  Drosophila t h e  a u t h o r s  h a v e  sc reened  on ly  
for c e r t a i n  t ypes  of t r ans loca t ions .  T h e r e  is also a d i g  
ference  b e t w e e n  our  e x p e r i m e n t s  a n d  t he  ones  w i t h  Dro- 
sophila ill t h e  sc reen ing  t e c h n i q u e  used.  W e  h a v e  t e s t e d  
al l  F 1 of f spr ing  for semis te r i l i ty ,  t he  Drosophila workers  
h a v e  used  t he  c h a n g e  of l inkage  groups  as i n d i c a t o r  for 
t r ans loca t ions .  
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Fig. 1. Percentage of sterility in Culex pipiens due to dominant 
lethal factors produced by X-rays of different dosages. Curve A: 
Percentage of non-hatching eggs. Curve B: Percentage of eggs 
without visible embryonic development. 
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Fig. 2. Percentage of translocations in viable F 1 offsprings of Culex 
pipiens in correlation to dosage of irradiation. D = percentage of 
transloeations in Drosophila. 
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I n  Drosophila melanogaster t r a n s l o c a t i o n s  of al l  poss ib le  
k i n d s  were obse rved  in  17 .92% of t h e  F x cu l tu res  (N = 
1000) a f t e r  i r r a d i a t i o n  of ma les  w i t h  4452 R of X - r a y s  ~. 
The  m a j o r i t y  of t he se  t r a n s l o c a t i o n s  (12.36%) were such  
ones  b e t w e e n  t he  c h r o m o s o m e s  2 a n d  3. Th i s  l as t  f igure  
c o m p a r e s  wel l  w i t h  more  r e c e n t  d a t a  for  2-3  t r a n s l o c a -  
t ions .  W i t h  a dosage  of 4000 R of X - r a y s  14 .39% were  
r ecove red  2~ a n d  w i t h  3360 R X - r a y s  14 .3% ~s. 

These  va lues  for  t o t a l  t r a n s l o c a t i o n  p r o d u c t i o n  in  Dro- 
sophila a re  on ly  ha l f  or  less of t h e  va lues  we h a v e  o b s e r v e d  
w i t h  Culex. I t  m i g h t  be  m e n t i o n e d  he re  t h a t  also in 2 
o t h e r  m o s q u i t o  species, i.e. Culex tritaeniorhynchus a n d  
Aedes albopictus, t h e  f igures  were  of t h e  same  order  of 
m a g n i t u d e .  

I t  is d i f f icul t  t o  give a n  e x p l a n a t i o n  for t h e  excep-  
t i ona l l y  h i g h  va lues  for  t r a n s l o e a t i o n  p r o d u c t i o n  in 
mosqu i tos .  One  poss ib i l i ty  cou ld  be  t h a t  t h e  c h r o m o -  
somes  in  t h e  s p e r m  of m o s q u i t o s  a re  in  such  a pecu l i a r  
s p a t i a l  pos i t i on  t o  each  o t h e r  t h a t  t r a n s l o c a t i o n s  c a n  
occur  m u c h  m o r e  eas i ly  t h a n  in Drosophila. T h e  v e r y  
long  a n d  s l ende r  s p e r m  h e a d  in m o s q u i t o s  seems  to  
i nd i ca t e  a pos i t i on  of t h e  c h r o m o s o m e s  pa ra l l e l  t o  each  
o ther .  B u t  t h i s  idea  h a s  to  b e  d i sca rded  becaus e  t h e  
a c t u a l  e x c h a n g e  of c h r o m o s o m a l  s e g m e n t s  occurs  p r o b -  
ab ly  d u r i n g  k a r y o g a m y  w h e n  t h e  c h r o m o s o m e s  h a v e  t h e  
poss ib i l i ty  of free m o v e m e n t .  

A n o t h e r  e x p l a n a t i o n s  seems  to  be  more  l ike ly  a n d  is 
offered he re  as a w o r k i n g  hypo thes i s .  T he  m i t o t i c  
c h r o m o s o m e s  of Drosophila h a v e  a t o t a l  l e n g t h  of 7.6 ~ m  
(t  = 1.8 ~ m ;  n = 2.6 ~xm; I I I  = 3.2 ~ m ;  IV,  t h e  d o t l i k e  
ch romosome ,  n o t  t a k e n  i n t o  accoun t ) ,  b u t  t h e  t o t a l  
l e n g t h  for  Culex is 21.1 ~ m  (I = 5.6 v m ;  I I  = 7.4 [zm; 
I l i  = 8.1 ~m).  Acco rd i ng l y  t h e  t o t a l  c h r o m o s o m e  l e n g t h  
of Culex is a l m o s t  3 t i m e s  (2.8) t h a t  of Drosophila. T h e  
obse rved  va lues  of t r a n s l o c a t i o n s  show a l m o s t  t h e  s ame  
n u m e r i c a l  cor re la t ion .  The re fo re  t h e  n u m b e r  of t r a n s -  

loca t ions  wh ich  can  be  p r o d u c e d  in a n  a n i m a l  w i t h  a 
c e r t a i n  dosage  of i r r a d i a t i o n  poss ib ly  depends  o n  t h e  
t o t a l  l e n g t h  of t h e  ch romosomes .  Th i s  c an  on ly  be  t a k e n  
as a v e r y  c rude  a n d  a p p r o x i m a t e  s t a t e m e n t  of a h y p o t h e -  
sis, as  i t  does  n o t  t a k e  i n to  c o n s i d e r a t i o n  o t h e r  fac to rs  
l ike  v o l u m e  a n d  d e n s i t y  of  t h e  ch romosomes .  Conf i rma-  
t i on  or  r e j e c t i o n  of t h e  h y p o t h e s i s  needs  c o m p a r a t i v e  
d a t a  f rom o t h e r  ob jec t s  bes ides  Drosophila a n d  Culex. 
I t  c an  be  e x p e c t e d  t h a t  s u c h  d a t a  b e c o m e  a v a i l a b l e  in 
due  t i m e  w i t h  t h e  e x t e n s i o n  of t h e  s emis t e r i l i t y  p r inc ip le  
for  con t ro l  of o t h e r  h a r m f u l  insec ts  ~4. 

Zusammen]assung. I n  A n b e t r a c h t  de r  t h e o r e t i s c h e n  
u n d  in e i n e m  F r e i l a n d e x p e r i m e n t  be re i t s  e rwiesenen  
M6gl i chke i t  de r  B e k A m p f u n g  yon  S c h a d i n s e k t e n  d u t c h  
F re i l a s sung  semis ter i le r  Tiere w u r d e  die  P r o d u k t i o n  v o n  
T r a n s l o k a t i o n e n  u n d  d a m i t  v e r b u n d e n e r  Semis te r i l f t l i t  
bei  de r  S t echmi i cke  Culex pipiens u n t e r s u c h t .  Die  To ta l -  
r a t e  de r  e r zeug t en  T r a n s l o k a t i o n e n  l i eg t  be i  S tech-  
m i i cken  i m  Verg le ich  zu Drosophila au f f a l l end  hoch .  E s  
b e s t e h t  o f f enba r  e ine  K o r r e l a t i o n  zwi schen  de r  G e s a m t -  
l~inge de r  C h r o m o s o m e n  u n d  de r  T r a n s l o k a t i o n s r a t e .  
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T h e  Spec i f i c  L o c a l i z a t i o n  of  D ie thy l  S u l p h a t e - I n d u c e d  S e c o n d  C h r o m o s o m e  R e c e s s i v e  Lethal  
M u t a t i o n s  in  Drosophila melanogaster 

T h e  c u r r e n t  i n t e r e s t  in  t h e  spec i f ic i ty  for  gene m u t a -  
t i on  s h o w n  b y  chemica l  a n d  phys i ca l  m u t a g e n s  on  euka -  
ryo t i c  mic rob i a l  s y s t e m s  1, ha s  encouraged  us to  look for 
specif ic i ty  in  t he  d i s t r i b u t i o n  of recessive l e t h a l  m u t a -  
t ions  a long  t h e  second c h r o m o s o m e  of Drosophila a f t e r  
t r e a t m e n t  w i t h  d i e t h y l  su lpha te .  

3/Iaterial and methods. N e w l y - h a t c h e d  wild t y p e  (Ore- 
gon-K)  Drosophila males  were t r e a t e d  w i t h  0 .5% d i e t h y l  
s u l p h a t e  for  48 h b y  a n  a d u l t  feed ing  m e t h o d  2; t h e y  were 
then ,  i n d i v i d u a l l y  m a t e d  to  2 CyL4/Pnl  females ,  for  
3 days ,  as  t h e  f i r s t  m a t i n g  for  t h e  d e t e c t i o n  of second  
c h r o m o s o m e  recess ive  l e t h a l  m u t a t i o n s  s. T h e  s a m p l i n g  
p r o c e d u r e  used  al lows t h e  r ecove ry  of ge rm cells w h i c h  
were p r e s e n t  as s p e r m a t o z o a  o v e r  t h e  pe r iod  of t h e  
t r e a t m e n t ,  a n d  c o n s e q u e n t l y  l e tha l s  a r i s ing  in  t h e  b r o o d  
s a m p l e  f rom i n d i v i d u a l  males ,  do so i n d e p e n d e n t l y  of 
one  ano the r ,  i.e. t h e y  do  n o t  occur  b y  c lonal  origin.  
However ,  in  o rde r  to  be  sure  of t he  i n d e p e n d e n t  or ig in  
of t he  le thals ,  on ly  1 l e t h a l  was  t a k e n  f rom a n y o n e  male .  
Moreover ,  to  e l i m i n a t e  t he  p resence  of s p o n t a n e o u s  
l e tha l s  wh ich  m i g h t  h a v e  been  p r e s e n t  before  t r e a t m e n t ,  
ma le s  wh ich  gave  a p p r o x i m a t e l y  equa l  or  g r ea t e r  n u m -  
be r s  of l e t h a l  to  n o n - l e t h a l  cu l tu re s  in  t h e  F 3, were 
n o t  used.  

Results and discussion. T h e  t r e a t m e n t  i nduced  225 
l e t ha l s  in  884 c h r o m o s o m e s  t e s t e d  f rom 91 males,  i.e. 

25 .4% second c h r o m o s o m e  recess ive  l e t h a l  m u t a t i o n s .  
47 of t h e  91 ma les  y ie lded  1 or  2 le thals ,  b u t  i t  was  
poss ib le  to  e x a m i n e  on ly  38 o u t  of t h e  47 le tha l s  chosen  
owing to  loss d u r i n g  m a i n t e n a n c e .  Semi- le tha l  m u t a t i o n s  
were  exc luded.  

Tes t s  of t he  38 l e tha l s  for a l le l i sm in ail  poss ib le  pa i r -  
wise c o m b i n a t i o n s  (703 s epa ra t e  crosses) s h o w e d  t h a t  
18 of t h e  l e tha l s  were non- iden t i ca l  (non-a l le l ic ) ;  a l l  
t hese  crosses  showed  t h e  usual  2 :1  p h e n o t y p i c  r a t i o  
e x p e c t e d  f rom non-a l le I ic  crosses 3. T h e  m a j o r i t y  of t h e  
r e m a i n d e r  of  t he  l e tha l s  behaved ,  w h e n  crossed  w i t h  
c e r t a i n  o thers ,  in a m a n n e r  e x p e c t e d  f r o m  a series  of 
o v e r l a p p i n g  deficiencies,  i.e. a X b  a n d  b X c  show 
al lel ism, whi l s t  a X c show non-a l l e l i sm.  4 of t h e  l e tha l s  
showed  i d e n t i t y  b y  the  a l le l i sm tes t s .  These  l a t t e r  20 
l e tha l  s tocks  were a g a i n  t e s t e d  for  a l le l i sm 3 more  
t i m e s  w i t h  t he  s ame  resul t s ,  b u t  n o w  inc lud ing  also 
rec iproca l  crosses to  exc lude  t h e  t y p e  of s y n t h e t i c  l e t h a l  
r epor t ed  b y  BATTEN a n d  THODAY 4. Thus ,  t h e  l e tha l s  
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