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New observations on the ~karyotype of the Djungarian hamster,  Phodopus sungorus 
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Summary. In  th is  paper ,  t he  C-banding  p a t t e r n  of t he  k a r y o t y p e  of P h o d o p u s  sungorus  is p r e sen t ed  and  p o l y m o r p h i s m  
is t aken  in to  considera t ion.  

Dur ing  the  last  2 decades,  t he  ka ryo type  of P h o d o p u s  
sungorus  has r epea t ed ly  been  inves t iga ted .  M a t t h e y l ,  2, 
Pogoslanz  and Bruyako  3, Voronzov  et  al. 4, Pogoslanz  
e t  al. 5, and  Soldatovi6 e t  al.~ gave in format ion  abou t  
n u m b e r  and  morpho logy  of ch romosomes  in this  species. 
F u r t h e r  detai ls  are k n o w n  since G-banding  techniques  
have  been  employed~-% E v e n  locat ion of nucleolar  or- 
ganizing regions has  been  descr ibed lo, b u t  as C-banding  
p a t t e r n  of t he  c o m p l e m e n t  has  no t  been  publ i shed  so far, 
i m p o r t a n t  in fo rmat ion  is missing.  Dis t r ibu t ion  of he te ro-  
ch roma t in  in t he  sex ch romosomes  of P h o d o p u s  sungorus  
has  recen t ly  been  r epo r t ed  by  us 11. and  here, we in t end  to  

r epor t  upon  fu r the r  observa t ions  on the  C-banded  karyo-  
t y p e  of t he  Djungar i an  hams te r .  
Material and methods. Studies  were carr ied out  on  several  
male  and  female individuals  of P h o d o p u s  sungorus  sun-  
gorus, b red  in our labora tory .  Our h ams t e r s  are descended  
f rom 4 individuals  cap tu red  in W es t e rn  Siberia;  of fspr ing 
of these  4 h ams t e r s  were k ind ly  p rov ided  to  us by  Dr  K.  
Hof fmann ,  Max P lanck  I n s t i t u t  fiir Verha l tens forschung ,  
Seewiesen (Germany).  Chromosome p repa ra t ions  were  de- 
r ived f rom f ibroblas t  cul tures  of d i f ferent  t i ssues  ac- 
cording to  t he  t echn ique  descr ibed earlier 12. Ba(OH)~- 
t r e a t m e n t  13 (modified) was employed  for C-banding.  
Results. The  k a r y o t y p e  of P h o d o p u s  sungorus  consis ts  of 
28 ma in ly  me ta -  and  subme tacen t r i c  ch romosomes  (2n --  
28). F igure  1 shows the  c o m p l e m e n t  of 1 of our  female  in- 
d iv iduals  af ter  appl ica t ion  of C-banding  technique .  Whi le  
each pa i r  of ch romosomes  can easily be ident i f ied  b y  i ts  
G-band ing  pa t t e rn ,  the  d i s t r ibu t ion  of C-bands  is no t  as 
character is t ic .  Pairs  No. 2, 3, 4 and  10 are remarkab le  be- 
cause of the i r  lack of d i s t inc t  cen t romer ic  he t e roch roma-  
t in .  The same is t rue  for ch romosome  No. 6, t h o u g h  th is  
m a y  be doub t fu l  a t  f i rs t  glance. E x a c t  analysis  reveals  
t h a t  the re  is an addi t iona l  he t e roch roma t i c  band  which  is 
located on the  shor t  a rm of the  chromosome,  close to t h e  
cen t romer ic  region. This b a n d  appears  r a the r  weak. I t s  
s ta in ing  in t ens i ty  is s imilar  to t t l a t  of the  cen t romer ic  he-  
t e r o c h r o m a t i n  of ch romosome  No. 5. F u r t h e r  add i t iona l  
bands  of h e t e r o c h r o m a t i n  can  be found  on the  long a rm of 
ch romosome  No. 1, on the  shor t  a rm of ch romosome  No. 2, 
and  on the  long a rm of ch romosome  No. 9. The las t -  
m e n t i o n e d  b a n d  is v e r y  s t rong  and  does no t  a lways  show 
the  same appearance .  In  some cases, the  addi t iona l  he te ro-  
ch roma t i c  mater ia l  canno t  be d iv ided  f rom t h e  cen t ro-  
meric  one, and  in o the r  cases, cen t romer ic  and addi t iona l  
h e t e r o c h r o m a t i n  appea r  as 2 adjoin ing bands  of s imilar  
d imensions .  We  do n o t  t h i n k  t h a t  these  differences are 
the  express ion  of a po lymorph ic  s t ruc tu re  of ch romosome  
No. 9. True po lymorph i sm,  however ,  can  be observed  in 
ch romosome  No. 1. We  found one type  wi th  a d i s t inc t  in- 

Fig. 1. C-banded karyotype of a female individual of Phodopus 
sungorus sungorus. 

Fig. 2. Polymorphic pair of chromosomes No. 1 from a different 
individual; note the low amount of heterochromatin in the left 
chromosome. 
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t e r s t i t i a l  h e t e r o c h r o m a t i c  b a n d  on  t h e  long a rm,  a n d  
o t h e r s  where  th i s  b a n d  is v e r y  w e a k  or even  a b s en t .  
F u r t h e r  p o l y m o r p h i s m  b e c a m e  obv ious  in t h e  a m o u n t  of 
c e n t r o m e r i c  h e t e r o c h r o m a t i n  of c h r o m o s o m e  No. 1 (figure 
2). 
I n  a d d i t i o n  to  our  desc r ip t ion  of t he  sex ch romosomes  of 
P h o d o p u s  sungorus  n ,  we w a n t  t o  m e n t i o n  t h a t  we found  
i t  d i f f icul t  to  decide w h e t h e r  in  t he  h a m s t e r s  e x a m i n e d  
b y  us, a p o l y m o r p h i s m  of t h e  X - c h r o m o s o m e s  is p r e s e n t  
or  no t .  W e  obse rved  g rea t  v a r i a t i o n s  in  a rml ra t i 0 .  A p a r t  
f r om exac t l y  m e t a c e n t r i c  X-ch romosomes ,  We found  sub-  
m e t a c e n t r i c  ones  w i t h  a longer  e u c h r o m a t i c  a rm,  as well 
as o the r s  w i t h  a longer  h e t e r o c h r o m a t i c  a rm.  B u t  as t h e  
a p p e a r a n c e  of t h e  X - c h r o m o s o m e s  of each  i n d i v i d u a l  
va r i ed  f rom one mi tos i s  to  t h e  nex t ,  we came  to  t he  con-  
c lus ion  t h a t  t he  v a r i a t i o n s  in  a r m  r a t i o  h a v e  t h e i r  or igin 
in  d i f fe ren t  degrees  of c o n d e n s a t i o n  a n d  n o t  in  poly-  
m o r p h i s m .  
Discussion. Our  s tud ies  on  t h e  C-banded  k a r y o t y p e  of 
P h o d o p u s  sungorus  h a v e  revea led  a d i s t r i b u t i o n  of he t e ro -  
c h r o m a t i n  which,  to  some ex t en t ,  r e m i n d s  us of t h a t  found  
in Cr ice tu lus  gr iseus 14-1~. The  s imilar i t ies ,  however ,  are 
n o t  f a r - r each ing  and,  a p a r t  f r o m  this ,  a di f ference can  be  
seen in t h e  a m o u n t  of h e t e r o c h r o m a t i n  wh ich  is s ignif-  

i c a n t l y  lower  in  P h o d o p u s  sungorus  t h a n  in Cr ice tu lus  
griseus.  A d d i t i o n a l  c o m p a r a t i v e  r e m a r k s  on  t h e  k a r y o -  
t ypes  of severa l  h a m s t e r  species will be  g iven  in a f u r t h e r  
p u b l i c a t i o n  wh ich  we h a v e  in p r e p a r a t i o n .  
Whi le  our  cy togene t i c  ana lys i s  was  conce rned  w i t h  t he  
subspecies  Ph .  s. sungorus ,  t h e  m a j o r i t y  of p rev ious  in-  
v e s t i g a t i o n s  8, 5, ~, s h a v e  been  ca r r ied  o u t  on  Ph .  s. c amp-  
belli. I n  a few publ ica t ions ,  t h e  n a m e  of the subspecies  
has  n o t  been  mentioned l,~, 1~ C h r o m o s o m e  s t r u c t u r e  
a n d  G - b a n d i n g  p a t t e r n s  make us  bel ieve t h a t  t h e r e  is no  
s ign i f i can t  di f ference i n  t h e  k a r y o t y p e s  of t h e  2 sub-  
species, b u t  suff ic ient  c e r t a i n t y  will o n l y  be  ob ta ined ,  
w h e n  a g rea t e r  n u m b e r  of i nd iv idua l s  of b o t h  subspecies  
h a s  been  examined .  Special  a t t e n t i o n  shou ld  be pa id  to  
p o l y m o r p h i s m  wh ich  could easi ly  be confused  w i t h  t r u e  
differences.  Here ,  compar i son  of C - b a n d i n g  p a t t e r n s  m a y  
give i m p o r t a n t  i n fo rma t ion ,  because  in m o s t  cases i t  is 
h e t e r o c h r o m a t i c  m a t e r i a l  w h i c h  is i nvo lved  in po lymor -  
ph ic  s t ruc tu res .  
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Summary. Chromosome  s tud ies  of 1 species of Ca r i amidae  a n d  S a g i t t a r i u s  show g rea t  karyo log ica l  dif ferences  a n d  t e n d  
to  dispel  t h e  sugges t ion  of a poss ible  r e l a t i onsh ip  b e t w e e n  t h e  families.  

I n  t he  class Ayes, t h e r e  has  been  m u c h  d o u b t  as to  t h e  
e x a c t  i n t e r r e l a t i o n s h i p s  of t h e  va r ious  suborde r s  of t h e  
d i u r n a l  b i rds  of prey.  I n  a r e c e n t  paper ,  m u c h  cy togene t i c  
ev idence  was p r e sen t ed  b y  de Boer  2 for  t he  he t e rogeneous  
n a t u r e  of t h e  Fa lcon i formes .  I t  was  sugges ted  t h a t ,  in  
t h i s  order ,  t h e  Ca tha r t i dae ,  Fa lcon idae ,  Acc ip i t r idae  a n d  

Fig. 1. Partial karyotype of female Sagittarius serpentarius (Sagit- 
taridae); Z, W are only tentatively identified. 

Sag i t t a r i d ae  be cons idered  s e p a r a t e  g roups  because  of t he  
g rea t  d i s s imi la r i ty  in  t h e i r  ka ryo types .  T h e  lack of cy to-  
logical  d a t a  on  t h e  Car iamidae ,  however ,  has  m a d e  i t  
imposs ib le  so far  to  discuss  t h e  r e l a t i o n s h i p  b e t w e e n  
Sag i t t a r i u s  a n d  t h e  Car i amidae  ~. 
I t  h a s  been  sugges ted  b y  Jol l ie* t h a t  t h e  Car iamidae ,  
cons i s t ing  of t h e  2 S o u t h  A m e r i c a n  species Ca r i ama  
c r i s t a t a  a n d  C h u n g a  bu rme i s t e r i ,  m a y  be  closely re la ted  
t o  t h e  s ingle Af r i can  r e p r e s e n t a t i v e  of Sag i t t a r idae ,  t h e  
s ec r e t a ry  b i rd ,  Sag i t t a r i u s  se rpen ta r ius .  Th i s  sugges t ion  
was based  on  s imi lar i t ies  in p h e n o t y p e  a n d  behav ior .  
O the r s  ~ g roup  t h e  Car iamidae  w i t h  the  o rder  Gru i formes  
a n d  cons ider  t h e m  more  closely r e l a t ed  to  b u s t a r d s  a n d  
e x t i n c t  g i an t  cranes.  De Boer  s , whi le  h i n t i n g  a t  t h e  desir-  
ab i l i t y  of se t t l ing  th i s  d i spute ,  d id  n o t  h a v e  m a t e r i a l  of 

C a r i a m i d a e  ava i l ab le  for  s tudy .  To f u r t h e r  these  com- 
pa r i sons  we s tud ied  3 S. s e r p e n t a r i u s  a n d  1 male  Ca r i ama  
c r i s t a t a  held  a t  t h e  San  Diego Zoo. 
Material and methods. Blood was  t a k e n  f rom a b rach ia l  
ve in  of 3 Sag i t t a r i u s  s e r p e n t a r i u s  an d  1 Ca r i ama  c r i s t a t a  
a t  San  Diego Zoo an d  cen t r i fuged  a t  500 r p m  for 10 m i n  
a n d  t h e n  c u l t u r e d  a t  37 ~ Pur i f i ed  p h y t o h e m a g g l u t i n i n  

Fig. 2. Partial karyotype of male Cariama cristata (Cariamidae). Sex 
chromosomes cannot be identified. 
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