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A F e a t h e r  Pu lp  Cul ture  T e c h n i q u e  for A v i a n  C h r o m o s o m e s ,  w i t h  N o t e s  on  the  C h r o m o s o m e s  of  the  
P e a f o w l  and the  O s t r i c h  

Older  concep t s  of t h e  c h r o m o s o m e s  of a n i m a l s  in  
genera l  h a v e  been  g r e a t l y  rev i sed  in  r e c e n t  years  b y  t h e  
increase  of cy togene t i c  knowledge,  due  to  r ap id  t e chn i ca l  
a d v a n c e s .  T h e  c h r o m o s o m e s  of b i rds  h a v e  b e e n  s t u d i e d  
b y  m a n y  ear l ie r  i n v e s t i g a t o r s  w i t h  classic sec t ion ing  
m e t h o d s  (for reference,  see MAKINO~). Recen t ly ,  m a n y  
a v i a n  species h a v e  been  r e - i n v e s t i g a t e d  w i t h  m o d e r n  
t i s sue  cu l t u r e  t e c h n i q u e s  w i t h  rev ised  re su l t s  (for deta i ls ,  
re fer  to  TAKAGI a n d  MAKINO2). 

SANDNES a deve loped  f e a t h e r  p u l p  t e c h n i q u e s  i n v o l v i n g  
t h e  h y p o t o n i c  p r e t r e a t m e n t  a n d  s q u a s h  p r o c e d u r e s  for  
t h e  d e m o n s t r a t i o n  of a v i a n  ch romosomes .  T h i s  m e t h o d  
was  s l igh t ly  modi f ied  b y  KRISHAN ~ a n d  h is  assoc ia tes  ~. 
T h e  p r e s e n t  a u t h o r s  modi f ied  f u r t h e r  t h e  f e a t h e r  p u l p  
t e c h n i q u e s  in c o m b i n a t i o n  w i t h  t i ssue  cu l tures .  Th i s  
t e chn i ca l  m e t h o d  p roduces  more  re l iable  resul ts ,  based  
on  t h e  exce l l en t  m e t a p h a s e s ,  t h a n  those  o b t a i n e d  w i t h  
t he  s q u a s h  m e t h o d .  W i t h o u t  sacr i f ic ing t h e  b i rds ,  t h i s  
f e a t h e r  p u l p  cu l tu re  m e t h o d  is a d v a n t a g e o u s  in f ac i l i t a t i ng  
v e r y  precise  ana lyses  of t h e  c h r o m o s o m e s  in  va r i ous  
species, p a r t i c u l a r l y  in  t a x o n o m i c a l l y  i n t e r e s t i n g  a n d  r a r e  
birds .  

Technical procedures. Growing  ta i l  or  wing  f ea the r s  
were  r e m o v e d  f rom l iv ing  b i rd s  in  t h e  field or  a t  t h e  zoo. 
Af te r  s ter i l iz ing t h e  surface  of t he  f ea the r s  w i t h  70% 
alcohol,  t he  bases  were c u t  off a n d  p laced  in a t u b e  con-  
t a i n i n g  3-5  ml  of c u l t u r e  m e d i u m  109. The  f e a t h e r  bases  
t h u s  k e p t  in  t h e  m e d i u m  were sl i t  w i t h  f ine scissors in  
t h e  cu l t u r e  room,  a n d  t h e  p r o x i m a l  ins ide  p a r t s  f rom each  
f e a t h e r  ba se  were  s c r a p e d  w i t h  tweeze r s  in  a P e t r i  d ish .  
Smal l  pieces of t h e  f e a t h e r  p u l p  t i ssue  t h u s  o b t a i n e d  were  
w a s h e d  w i t h  3 changes  of R i n g e r ' s  so lu t ion  c o n t a i n i n g  
an t ib io t i c s ,  a n d  c u t  i n to  sh reds  w i t h  f ine scissors. T h e n ,  
t h e y  were  p l a n t e d  d i rec t ly  on  t h e  glass surface  of t h e  

cu l tu re  b o t t l e  w i t h  p lasma-c lo t s ,  fed cu l t u r e  m e d i u m  109 
s u p p l e m e n t e d  w i t h  15% calf  se rum,  a n d  i n c u b a t e d  a t  
37 °C. Af t e r  2 -3  d a y s  i n c u b a t i o n ,  a n  o u t g r o w t h  of f ibro-  
b las t - l ike  cells f r om t h e  pieces of t i s sues  b e c a m e  recog- 
n izable .  A f t e r  7 -10  d a y s  i n cu b a t i o n ,  suf f ic ien t ly  g rown  
cells on  t h e  glass sur face  were  t r e a t e d  for  8 -10  h w i t h  
co lcemid  a t  a c o n c e n t r a t i o n  of 0.1 ~ g / m l .  T h e  c u l t u r e  
m e d i u m  c o n t a i n i n g  co lcemid  was  decan t ed .  B y  a p p l y i n g  
t r y p s i n  so lu t ion  (0.15 %),  t h e  g rowing  cells were  d i s lodged  
f rom t h e  glass wail .  T h e  ceil  su spens ion  was  cen t r i f u g ed  
for  5 m i n  a t  1000 rpm.  Af te r  r e m o v M  of t h e  s u p e r n a t a n t ,  
t h e  cells were  t r e a t e d  w i t h  a p h o s p h a t e - b u f f e r  h y p o t o n i c  
so lu t ion  for  20 m i n  a t  37 °C a n d  f ixed  w i t h  m e t h a n o l -  
ace t ic  acid (3 : 1). F ixed  ceils were  a i r -d r i ed  on  c lear  sl ides 
a n d  s t a i n ed  w i t h  Giemsa.  

Results. Accoun t s  of t h e  c h r o m o s o m e s  of t h e  peafowl  
a n d  t h e  os t r i ch  s tud ied  b y  t h e  m e t h o d  desc r ibed  a b o v e  
are  g iven  in t h e  fol lowing:  

T h e  resu l t s  of c h r o m o s o m e  c o u n t s  are  s u m m a r i z e d  in 
t h e  Table .  A wide  d i s t r i b u t i o n  of c h r o m o s o m e  n u m b e r s  is 
seen in  t h e  Table .  Most  p r o b a b l y  t h e  v a r i a t i o n s  in  n u m b e r  
of t h e  c h r o m o s o m e s  m a y  be  due  to  a r t i f a c t s  caused  b y  
ce r t a i n  d i f f i cu l ty  in  c o u n t i n g  t h e  exac t  n u m b e r  of micro-  
ch romosomes .  

Peafowl  (F igure  1): I t  shou ld  be  m e n t i o n e d  t h a t  t h e  
b i rds  here  d e a l t  w i t h  are  of i m p u r e  b reed  d e r i v ed  f rom a 
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Fig. 1. Karyotype of a female peafowl, with 78 chromosomes. 
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Fig. 2. Karyotype of an ostrich, with 80 chromosomes. 

Chromosome counts in 2 species of birds under study 
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h y b r i d  b e t w e e n  Pavo crislatus a n d  P. muticus muticus. 
Growing  t a l l - f ea the r s  f rom b o t h  sexes p r o v i d e d  m a t e r i a l  
for  s tudy .  

F igu re  1 shows t h e  k a r y o t y p e  of a female  peafowl.  T he  
f i rs t  a n d  second  la rges t  pa i r s  cons i s t  of s u b m e t a c e n t r i c  
c h r o m o s o m e s  c lea r ly  d i s t i n g u i s h a b l e  f rom each  o t h e r  b y  
size difference.  No. 3 is r e p r e s e n t e d  b y  a n  ac rocen t r i c  pa i r  
a n d  No. 4 b y  a s u b t e l o c e n t r i c  pa i r .  T h e y  are  t he  s a m e  
l e n g t h  as t h e  long a r m  of No. 1. A Z - c h r o m o s o m e  was 
iden t i f i ed  as  a s u b m e t a c e n t r i c s  s imi la r  in  size to  Nos. 3 
a n d  4, r e m a i n i n g  u n p a i r e d  in  f emale  cells. T h e  c h r o m o -  
somes  Nos.  5, 6 a n d  7 a re  of t h e  s ame  l eng th ,  b e i n g  a b o u t  
3/4 t h e  l e n g t h  of Nos. 3 a n d  4. No. 5 is a n  ac rocen t r i c  pa i r  
w i t h  a def in i t e  s h o r t  a rm .  Nos.  6 a n d  7 are  s u b m e t a c e n t r i c  
a n d  m e t a c e n t r i c  ch romosomes ,  respec t ive ly .  T h e  ch romo-  
some  iden t i f i ed  as  a W - c h r o m o s o m e  in female  cells is one 
of t h e  smal l  a c rocen t r i c s  a p p r o x i m a t e l y  2/3 t h e  size of 
c h r o m o s o m e s  Nos. 5-7. T h e  e i g h t h  pa i r  cons is t s  of smal l  
ac rocen t r i c s  s l igh t ly  s h o r t e r  t h a n  t h e  W-chromosome .  
T h e r e  are  a t  l eas t  30 pa i r s  of m i c r o c h r o m o s o m e s  g iv ing  a 
poss ible  c h r o m o s o m e  n u m b e r  of 78 in to ta l .  T h e y  fo rm a 
c o n t i n u o u s  series in  size w i t h o u t  a n y  v is ib le  m o r p h o -  
logical difference.  

Os t r i ch  (Struthio camelus camelus) (F igure  2) : D e v e l o p i n g  
wing- fea the r s  of a y o u n g  os t r i ch  of u n k n o w n  sex were 
used  for  s tudy .  

K a r y o t y p e  ana lys i s  r evea led  t h a t  t h e  l a rges t  6 pa i r s  
were recognizab le  i n d i v i d u a l l y  on  a c c o u n t  of t h e i r  cha rac -  
t e r i s t i c  conf igura t ions .  T h e  f i rs t  2 pa i r s  of c h r o m o s o m e s  

cons is t  of s u b m e t a c e n t r i c s ,  t he  No. 2 c h r o m o s o m e s  be ing  
s l igh t ly  s h o r t e r  t h a n  No. 1. The  c h r o m o s o m e s  of No. 3 
are acrocent r ic ,  be ing  s imi la r  in l eng th  to  t h e  long a r m  of 
No. 1 ch romosomes .  C h r o m o s o m e s  4, 5 and  6 are  acro- 
centr ic ,  h a v i n g  s l igh t ly  dec reas ing  size in order ,  b u t  t h e y  
are  n o t  a lways  d i s t i ngu i shab l e  f rom one a n o t h e r .  I n  
add i t ion ,  t h e r e  a re  a n u m b e r  of sma l l  acrocent r ics .  The  
d ip lo id  n u m b e r  of t he  c h r o m o s o m e s  ava i l ab l e  for c o u n t i n g  
in t h i s  species seems  to  be 80. I t  seems  p r o b a b l e  t h a t  t h e  
b i rd  u n d e r  s t u d y  m a y  be  a male ,  because  of t he  f ac t  t h a t  
t h e r e  was  no  h e t e r o m o r p h i c  p a i r  a m o n g s t  t h e  l a rger  
ch romosomes .  More  de ta i l ed  s tud ies  are  in progress  e. 

Rdsumd. Desc r ip t i on  d ' u n e  t e c h n i q u e  de  cu l tu re  ~. 
p a r t i r  de  la mo611e des  p lumes ,  c e t t e  t e c h n i q u e  a y a n t  
p e r m i s  l ' ana lyse  du  c a r y o t y p e  du  P a o n  et  de  l ' A u t r u c h e .  
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A R e f i n e d  T e s t  for  X - R a y  I n d u c e d  D o m i n a n t  L e t h a l s  in  Drosophila 

Samples  of newly  i n s e m i n a t e d  Drosophila eggs c a n  b e  
o b t a i n e d  b y  t h e  egg col lec t ion  m e t h o d  of W~)RGLER et  
al. L T h e  eggs depos i t ed  b y  t h e  females  on  a m o i s t  b l a c k  
p a p e r  a re  t r a n s f e r r e d  to  a sma l l  p lex ig lass  p l a t e  (1 m m  
th ick)  w i t h  t h e  a id  of a sma l l  b r u s h .  U n d e r  a d i s sec t ing  
microscope  t h e y  are  a r r a n g e d  side b y  side in t h e  c e n t r e  
of t h e  p l a t e  a n d  k e p t  w e t  b y  a d d i n g  a sma l l  d r o p  of 
water .  T h e  sample  can  t h u s  be  i r r a d i a t e d  t h e  m o m e n t  
i t  h a s  r e ached  a des i red  age. E gg  col lec t ion  a n d  i r rad ia -  
t i on  are  ca r r i ed  o u t  in  a c l ima t i zed  r o o m  w i t h  a t e m p e r a -  
t u r e  of 25 °C a n d  96% re la t ive  h u m i d i t y .  

Af t e r  i r r a d i a t i o n  t h e  eggs a re  t r a n s f e r r e d  to  a s t r ip  of 
aga r  (2% agar ,  5 m m  th ick)  ly ing  on  a glass p l a t e  
(7.5 × 1.5 cm, one  end  cu t  to  a po in t ) .  T h e  n u m b e r  of 
i r r a d i a t e d  eggs (El )  is c o u n t e d  u n d e r  a d i s sec t ing  micro-  
scope b y  p lac ing  t h e m  in g roups  of 10 b e g i n n i n g  a b o u t  
1.5 c m  f rom t h e  t i p  of t h e  aga r  s tr ip.  T h e  glass p l a t e  
w i t h  t h e  a g a r  s t r i p  a n d  t h e  eggs is t h e n  b r o u g h t  in to  
a specia l  cu l t u r e  tube .  T h e  l a t t e r  cons i s t s  of a glass  
t u b e  (2 c m  in  d i ame te r )  of a b o u t  9 c m  l e n g t h  whose  
u p p e r  end  c a n  be  closed b y  a foam r u b b e r  s t o p p e r  whi le  
t h e  lower  end  f i ts  o n t o  a hol low p las t i c  bowl  (2 c m  high) .  
T h e  bowl  c o n t a i n s  2.5 m l  of d r y  y e a s t  m e d i u m  (200 ml  
water ,  5 g d r y  y e a s t  a n d  30 g suga r  a re  bo i led ;  u p o n  
cooling,  4 ml  of  a Nipaso t  so lu t ion  (4.28 g Nipasol -M-  
s o d i u m  in  200 m l  70% alcohol)  a n d  4 m l  of a T e r r a m y c i n  
so lu t ion  (0.0022 g in 200 m l  70% alcohol)  are  added) .  
1 d r o p  of a c o n c e n t r a t e d  a q u e o u s  suspens ion  of l iv ing  
yeas t  is a d d e d  to  t h e  sur face  of t h e  m e d i u m  a n d  p a r t i a l l y  
covered  w i t h  a sma l l  piece of b l o t t i n g  paper .  

T h e  cu l tu re  t u b e s  c o n t a i n i n g  t h e  eggs are  k e p t  in  a 
r o o m  w i t h  a t e m p e r a t u r e  of 25°C a n d  60% re la t ive  
h u m i d i t y .  Af t e r  a b o u t  21 h t h e  s u r v i v i n g  l a r v a e  h a t c h .  
A t t r a c t e d  b y  t h e  yeas t  2 a n d  fol lowing a h u m i d i t y  gra- 

d i e n t  a t h e y  c rawl  i n t o  t h e  m e d i u m .  48 h a f t e r  egg col- 
l ec t ion  p r ac t i c a l l y  al l  s u r v i v i n g  l a rvae  h a v e  r eached  t h e  
m e d i u m .  Now t h e  glass p l a t e  w i t h  t h e  a g a r  s t r i p  is 
r e m o v e d  f rom t h e  cu l tu re  tube ,  a n d  s u r v i v i n g  l a r v a e  
f o u n d  on  t h e  a g a r  a re  b r o u g h t  b a c k  in to  t h e  tube .  T h e  
dead  e m b r y o s  a n d  t h e  e m p t y  egg shel ls  ly ing  on  t h e  aga r  
s t r ip  are  gen t ly  dr ied  in a s t r e a m  of h e a t e d  a i r  a n d  covered  
w i t h  pa ra f f in  oil. Since t he  egg shells  are now t r a n s p a r e n t  
t h e  dead  e m b r y o s  can  be  classified u n d e r  a d i s sec t ing  
microscope  a n d  c o u n t e d  acco rd ing  to t h e  fol lowing syn-  
d r o m e s :  W E ,  w h i t e  m o t t l e d  eggs; KU,  eggs w i t h  a 
t yp i ca l  spher ica l  c o n c e n t r a t i o n  of o p a q u e  m a t e r i a l  in t h e  
c e n t r a l  p a r t  of t h e  egg;  BR,  e m b r y o s  w i t h  a b r o w n i s h  
co lour ;  LL, w h i t e  e m b r y o s  w i t h  l a rva l  s t r u c t u r e s  v is ib le ;  
HL,  l a rvae  wh ich  opened  t h e  egg shell  b u t  d id  n o t  h a t c h  ; 
TL, l a rvae  w h i c h  d ied  i m m e d i a t e l y  a f t e r  h a t c h i n g .  I n  
a d d i t i o n  l iv ing  h a t c h e d  l a r v a e  (NL) wh ich  occas iona l ly  
h a v e  n o t  been  t r a n s f e r r e d  b a c k  f rom the  a g a r  s t r ip  i n to  
t h e  t u b e s  are  noted .  

T h e  t u b e s  w i t h  t h e  s u r v i v i n g  l a r v a e  a re  b r o u g h t  i n to  
a room w i t h  a t e m p e r a t u r e  of 25°C a n d  96% re l a t i ve  
h u m i d i t y .  T h e  h i g h  h u m i d i t y  in  t h e  v ia ls  causes  m o s t  of 
t h e  i n d i v i d u a l s  to  p u p a t e  ou t s ide  t h e  m e d i u m  ( a b o u t  
4 c m  a b o v e  t h e  surface) .  On  t h e  e i g h t h  d a y  a f t e r  i r rad i -  
a t i o n  t h e  p u p a e  a re  ca re fu l ly  r e m o v e d  f rom t h e  cu l t u r e  
t u b e  w i t h  a w e t  b r u s h  a n d  b r o u g h t  i n to  sma l l  e m p y t  
tubes ,  i n d i v i d u a l l y  for  t h e  co l lec t ion  of v i rg in  females  or  
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