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Cytological Evidence f o r  a Spontaneous Chromosome Translocation in the Domestic F o w l  

S t a t i s t i c a l  ev idence  in  t h e  fo rm of a p p r o x i m a t e l y  50% 
ear ly  e m b r y o n i c  m o r t a l i t y  in  a l ine  of Single C o m b  W h i t e  
L e g h o r n  fowl led to  t h e  h y p o t h e s i s  of a d o m i n a n t  l e t h a l  1 
as a n  e x p l a n a t i o n  for  th i s  e m b r y o n i c  m o r t a l i t y ,  Th i s  
d o m i n a n t  l e t h a l  was  l a t e r  p o s t u l a t e d  to  be  a c h r o m o s o m a l  
a b e r r a t i o n ,  l ike ly  a rec iproca l  t r a n s l o c a t i o n  *. H o m o z y -  
gous car r ie rs  of t h e  a b e r r a t i o n  h a v e  twice  been  i so la ted  
f rom m a t i n g s  of h e t e r o z y g o u s  carr iers .  

I d e n t i f i c a t i o n  of g e n o t y p e  was  ach i eved  b y  m a t i n g  a 
n u m b e r  of n o r m a l  females,  u sua l ly  4, to  a g i v e n  ma le  
t h r o u g h  ar t i f ic ia l  i n s e m i n a t i o n .  T h e  eggs were  i n c u b a t e d  
for  a pe r iod  of 6 -7  d a y s  a n d  t h e n  b r o k e n  o u t  to  d e t e r m i n e  
w h e t h e r  t h e  e m b r y o s  were  n o r m a l  or  a b e r r a n t .  On ly  males  
iden t i f i ed  as  h e t e r o z y g o u s  a f t e r  e x a m i n a t i o n  of a t  l eas t  
12 fer t i le  eggs w i t h  a c l ea r - cu t  r a t i o  of 50% a b n o r m a l  
were  i nves t i ga t ed .  On ly  ma le  k a r y o t y p e s  were  inves t i -  
g a t e d  because  ma le  b i rd s  a re  r ead i ly  a n d  c e r t a i n l y  iden t i -  
fied as h e t e r o z y g o u s  or  homozygous ,  w h e t h e r  n o r m a l  or  
a b e r r a n t .  

R e c e n t  a d v a n c e s  in  cy to logica l  t e c h n i q u e s  8,4 m a d e  i t  
feas ible  to  u n d e r t a k e  a c h r o m o s o m a l  s t u d y  in  o rde r  to  
f ind  cy to log ica l  p roof  for  t h e  su spec t ed  rec iproca l  t r a n s -  
loca t ion .  

I n  s t u d y i n g  t h e  m i t o t i c  c h r o m o s o m e s  leucocytes  were  
c u l t u r e d  a n d  sl ides p r e p a r e d  in a m a n n e r  s imi l a r  to  t h a t  
deve loped  b y  MOORHEAD et  al. ~ for s t u d y i n g  h u m a n  
c h r o m o s o m e s .  

E x a m i n a t i o n  of k a r y o g r a m s  f rom these  sl ides showed  
t h a t  t h e r e  was  no  d e m o n s t r a b l e  d i f fe rence  b e t w e e n  n o r m a l  
b i rd s  a n d  s u s p e c t e d  t r a n s l o c a t i o n  he t e rozygo te s .  Th i s  
r e su l t  sugges ted  t h a t  if t h e  l e t h a l  d o m i n a n t  was  t r u l y  a 
rec iproca l  t r a n s l o c a t i o n ,  t h e  p o r t i o n s  e x c h a n g e d  were  
e i t h e r  of n e a r l y  t h e  s a m e  l e n g t h  or  i n v o l v e d  on ly  a v e r y  
smal l  p a r t  of each  ch romosome .  

F o r  e x a m i n a t i o n  of meio t ic  c h r o m o s o m e s  f resh  tes t icu-  
lar  t i s sue  was  o b t a i n e d  f rom b i rds  suspec ted  of be ing  
h e t e r o z y g o u s  for  t h e  t r ans loca t i on .  Th i s  t i ssue  was  p laced  
in  a 0 .7% s o d i u m  c i t r a t e  so lu t ion  a t  37 °C. A c loudy  sus-  
pens ion  of cells was  o b t a i n e d  b y  c u t t i n g  t h e  t es t i s  in to  
m i n u t e  cubes  a n d  a s p i r a t i n g  t he se  cubes  w i t h  a P a s t e u r  
p i p e t t e  a n d  bu lb .  Af te r  f i l te r ing  t h r o u g h  cheese  c lo th  t h e  
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suspens ion  was cen t r i fuged  a t  60 rcf  for  5 min .  T h e  
h a r v e s t e d  cells were t h e n  f ixed in ace t ic-a lcohol .  Af t e r  
severa l  wash ings  w i t h  f resh f ixa t ive  t h e  cells were  resus-  
p e n d e d  in 4 5 %  acet ic  acid a n d  d rops  of t h e  suspens ion  
a i r -d r ied  o n t o  cover  slips. S t a i n i n g  was in 0 .5% acet ic-  
orce in  fol lowed b y  d e h y d r a t i o n  t h r o u g h  a n  a lcohol  series 
w i t h o u t  xylol.  P e r m a n e n t  sl ides were p r e p a r e d  b y  m o u n t -  
ing t h e  cover  slips in  E u p a r a l .  

T h e  n o r m a l  meio t ic  c o m p l e m e n t  of m a c r o c h r o m o s o m e s ,  
as  seen on  sl ides p r e p a r e d  in t h i s  m a n n e r ,  is s h o w n  in 
F igure  1. I n  good p r e p a r a t i o n s  i t  was  poss ib le  to  ident i fy ,  
cons i s t en t ly ,  4 of t h e  6 large  e lements .  T w o  b iva len t s ,  t h e  
f o u r t h  a n d  f i f th  largest ,  a re  so s imi la r  in  l e n g t h  t h a t  t h e i r  
pos i t i ve  i den t i f i c a t i on  was  a lways  diff icul t .  However ,  
whi le  i t  was  d i f f icul t  t o  tell  t he se  2 b i v a l e n t s  a p a r t  i t  was  
a l w a y s  poss ible  to  d i s t i ngu i sh  t h e m  f rom t h e  o t h e r  4 large  
b iva l en t s .  F igu re  2 w h i c h  i l l u s t r a t e s  meio t ic  c h r o m o s o m e s  
f rom b i rd s  h e t e r o z y g o u s  for t h e  t r a n s l o c a t i o n  shows 
c h r o m o s o m e s  2 a n d  3 assoc ia ted  as a q u a d r i v a l e n t .  
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Fig. 1. Meiosis Prophase I chromosomes from normal male fowl, Fig. 2. Meiosis Prophase I chromosomes from male fowl heterozygous 

for translocation. 
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Because  of t h e  need  to  b r i n g  o u t  t h e  de ta i l s  of c e r t a i n  
of t h e  l a rge r  c h r o m o s o m e  pairs ,  F igu res  1 a n d  2 were  
p r i n t e d  in such  a w a y  as  to  e m p h a s i z e  t h e  6 or  8 l a rges t  
b iva l en t s .  As a resul t ,  t h e  smal le r  m i c r o c h r o m o s o m e s  do  
n o t  a p p e a r  in  t he se  p h o t o g r a p h s .  I t  was, however ,  poss ible  
to  c o u n t  37-40  b i v a l e n t s  in  these  sp reads  w h e n  v iewed  
t h r o u g h  t h e  microscope .  

T h e  op in ion  t h a t  c h r o m o s o m e s  2 a n d  3 are  i n v o l v e d  in 
t h i s  a b n o r m a l  c o n f i g u r a t i o n  was  a r r i v e d  a t  t h r o u g h  care-  
ful e x a m i n a t i o n  of t h e  q u a d r i v a l e n t  as  f o u n d  in severa l  
b i rds  a n d  b y  c o m p a r i s o n  w i t h  t h e  n o r m a l  meio t ic  comple-  
m e n t .  T h e  a s s u m p t i o n  was  m a d e  t h a t  whi le  some re- 
a r r a n g e m e n t  of c h r o m o s o m a l  m a t e r i a l  ha s  occu r red  as a 
r e su l t  of t h e  t r a n s l o c a t i o n  all m a c r o c h r o m o s o m e s  are  st i l l  
p r e s e n t  in  a b n o r m a l  b i rds .  W i t h  t h i s  a s s u m p t i o n  in mind ,  
i t  was  poss ib le  to  i d e n t i f y  4 of t h e  m a c r o c h r o m o s o m a l  
b i v a t e n t s  ( ch romosomes  1, 4, 5 a n d  6). C h r o m o s o m e  1 was 
iden t i f i ed  on  t h e  bas is  of ove ra l l  l e n g t h  a n d  c h i a s m a t a  
f r equency .  C h r o m o s o m e s  4 a n d  5 were iden t i f i ed  b y  com- 
pa r i son  w i t h  n u m b e r  1 (each be ing  less t h a n  ha l f  t he  
l e n g t h  of t h e  l a rges t  e lement ) ,  a n d  b y  t h e i r  a p p e a r a n c e  as 
e i t he r  O- or  f igure-8-shapes .  C h r o m o s o m e  6 was iden t i f i ed  
b y  i ts  size r e l a t ive  to  c h r o m o s o m e s  4 a n d  5 a n d  b y  i ts  
O - s h a p e d  a p p e a r a n c e .  Since c h r o m o s o m e s  1, 4, 5 a n d  6 
were  p r e s e n t  in  t h e i r  n o r m a l  b i v a l e n t  c o n d i t i o n  i t  was  
conc luded  t h a t  c h r o m o s o m e s  2 a n d  3 were  assoc ia ted  in  
t h e  q u a d r i v a l e n t .  

I t  h a s  n o t  been  poss ible  to  m a k e  a precise  d e t e r m i n a -  
t ion  of wh ich  a r m s  of t h e  2 c h r o m o s o m e s  are  i n v o l v e d  in 
t h e  e x c h a n g e  no r  of t h e  e x t e n t  of t h e  t r an s l oca t i on .  How-  
ever,  b a s e d  o n  s t u d y  of t h e  m i t o t i c  ch romosomes ,  we 
bel ieve  t h a t  t he  s h o r t  a r m  of c h r o m o s o m e  2 a n d  t h e  long  
a r m  of c h r o m o s o m e  3 h a v e  e x c h a n g e d  ma te r i a l .  I t  also 
a p p e a r s  t h a t  t h e  c h r o m o s o m a l  s e g m e n t s  e x c h a n g e d  are  
s imi la r  in  l eng th .  

T h i s  is t h o u g h t  t o  be  t h e  f i r s t  s p o n t a n e o u s  c h r o m o s o m a l  
t r a n s l o c a t i o n  to  be  d e m o n s t r a t e d  in  t h e  domes t i c  fowl. 
B y  s t u d y i n g  t h e  ef fec t  of t h i s  t r a n s l o c a t i o n  t o g e t h e r  w i t h  
t h e  X - r a y  i nduced  t r a n s l o c a t i o n  b e t w e e n  c h r o m o s o m e s  
1 a n d  2 desc r ibed  ear l ier"  i t  shou ld  now be  poss ible  to  
e s t ab l i sh  a r e l a t i onsh ip  b e t w e e n  3 of t h e  6 k n o w n  l inkage  
groups  of t he  fowl a n d  t h e i r  r e s idua l  ch romosomes .  I f  
such  r e l a t i onsh ip s  c an  be  e s t ab l i shed  t h e  v a l u e  of t h e  
domes t i c  fowl as a n  e x p e r i m e n t a l  a n i m a l  in  gene t ic  
s tud ie s  shou ld  be  e n h a n c e d ,  F u r t h e r ,  s ince t h e  c h r o m o -  
soma l  a b e r r a t i o n  here  desc r ibed  ha s  b e e n  i so la ted  in t h e  
h o m o z y g o u s  c o n d i t i o n  i t  m a y  be  of some v a l u e  in com-  
merc ia l  b r e e d i n g  o p e r a t i o n s  7,s. 

Rdsumd. L a  p r e m i e r e  t r a n s l o c a t i o n  c h r o m o s o m i q u e  
s p o n t a n 6 e  observ6e  chez  le coq d o m e s t i q u e  i m p l i q u e  u n  
6change  r6c ip roque  e n t r e  les c h r o m o s o m e s  2 e t  3. 
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S o m e  Considerations on the Evolution of the Karyotype of Mtcrochiroptera 

Accord ing  to  p r ev ious  works  of MATTHEY a n d  B o r E r  x, 
a n d  of B o v ~ Y  ~, c h r o m o s o m a l  e v o l u t i o n  in  C h i r o p t e r a  
follows a R o b e r t s o n i a n  p a t t e r n  n of cen t r i c  fusion.  Since 
new  t e c h n i q u e s  a re  n o w  ava i l ab l e  4, ~ wh ich  c a n  show a 
Iarger  n u m b e r  of morpho log ica l  de ta i l s  t h a n  was  poss ible  
b y  m e a n s  of g o n a d a l  squash ,  I h a v e  m a d e  a n  a t t e m p t  to  
s t u d y  t h e  p r o b l e m  of evo lu t i on  of k a r y o t y p e  in Micro- 
ch i rop t e r a ,  a d d i n g  more  d a t a  a b o u t  t h e  diploid  n u m b e r  of 
species as  y e t  u n r e p o r t e d ,  a n d  i m p r o v i n g  t h e  knowledge  
in  some  species a l r e ady  k n o w n  b y  a d d i t i o n  of some  more  
morpho log ica l  deta i ls .  

A c o m p a r i s o n  b e t w e e n  t h e  k a r y o t y p e s  of 3 Rh ino lo -  
p h i d a e  5-7 p o i n t s  o u t  t h e i r  morpho log ica l  s imi l a r i t y  
(Figure  1). A n  e x a m p l e  of cen t r i c  fus ion c a n  be  d r a w n  
f rom a c o m p a r i s o n  b e t w e e n  t h e  k a r y o g r a m s  of Rhinolophus 
]errumequinum a n d  of R. hipposideros. T h e  dip lo id  n u m b e r  
of these  2 species differs  b y  2 u n i t s  (R. [errumequinum 
2 n = 58; R. hipposideros 2 n = 56), b u t  a pa i r  of la rge  
m e t a c e n t r i c  a u t o s o m e s  is p r e s e n t  in  R. hipposideros a n d  is 
to  be  cons ide red  as b r o u g h t  a b o u t  b y  cen t r i c  fus ion  of 2 
pa i r s  of ac rocen t r i c  large  ch romosomes .  I t  is of some in- 
t e r e s t  to  unde r l i ne  t h a t  t h e  pecu l i a r ly  s h a p e d  ch r om o-  
somes  seen in  R. [errumequinum (2 pa i r s  of sma l l  m e t a -  
cenL-ric c h r o m o s o m e s  a n d  1 pa i r  of ac rocen t r i c  ones  w i t h  a 

h e t e r o c h r o m a t i c  zone) are  p r e s e n t  a n d  morpho log ica l l y  
iden t i ca l  in  t h e  k a r y o t y p e  of R. hipposideros (F igure  2). 

A c o m p a r i s o n  b e t w e e n  t h e  k a r y o t y p e  of 4 Vesper t i l ion i -  
d a e  i n d i c a t e d  t h e  poss ib i l i t y  of cen t r i c  fus ions  (F igure  3) 
in  t h e  e v o l u t i o n a r y  p a t h w a y  of t h i s  f a m i l y  t*o.  T h e  di-  
p loid  n u m b e r  in  these  4 species is a follows: Miniopterus 
schreibersii~, s 2 n = 46 ; Pipistrellus kuhli9 2 n = 44 ; 
P. savii10 2 n = 44; Barbastella barbastellus ~, is:  2 n = 32. 
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