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Chromosomes and the Karyotype of the Pangolin, Manis pentadactyla L. (Pholidota-Mammalia) 

The  ch romosomes  of h igher  e u t h e r i a n  m a m m a l s  are 
now fa i r ly  well  k n o w n  b u t  t he  same  is no t  t r ue  for  lower  
e u t h e r i a n  m a m m a l s ,  such  as E d e n t a t a  a n d  Pho l ido ta .  
P r io r  to  t h e  i n t r o d u c t i o n  of c u r r e n t  cytological  t echniques ,  
MAKINO a n d  TATEISHI 1 r epo r t ed  2 n -  42 c h r o m o s o m e s  
in a male  Pangol in ,  Manis  pentadactyla be long ing  to  t h e  
o rder  P h o l i d o t a  f rom J a p a n .  D u r i n g  t he  course  of 
c h r o m o s o m e  s tudies  in  severa l  m a m m a l i a n  species, we 
were able  to  o b t a i n  a male  Pango l in  wh ich  was ident i f ied  
as Mauls  pentadactyla L., f rom the  Chak ia  Fores t ;  a place 
nea r ly  30 miles  a w a y  f rom V a r a n a s i  in  U t t a r  P r a d e s h  
(India) .  A l t h o u g h  our  m a t e r i a l  is a p p a r e n t l y  iden t i ca l  
w i t h  t h a t  of MAKINO a n d  TATEISHI1, ye t  our  resu l t s  are 
en t i r e ly  d i f fe ren t  f rom the i r s  in  c h r o m o s o m e  ~number as 
well  as in morpho logy .  W e  are  the re fo re  r e p o r t i n g  our  
f ind ings  on  t h e  c h r o m o s o m e s  of M. psntadactyla f rom 
Ind ia ,  us ing  Colcemid p r e t r e a t e d  bone  m a r r o w  cells. The  
usua l  a i r -d ry ing  t e c h n i q u e  was  a d o p t e d  in p r epa r ing  t h e  
slides w h i c h  were s t a ined  in U n n a  Blue.  

Results. Afte r  s t u d y i n g  126 m e t a p h a s e  pla tes ,  t h e  
diploid  c h r o m o s o m e  n u m b e r  was d e t e r m i n e d  to  be  36 
(Figure  1) as aga ins t  42 r epo r t ed  ear l ier  (MAKINO a n d  
TATEISI-II 1) f r om s p e r m a t o g o n i a l  cells. The  f r equency  
d i s t r i b u t i o n  of t he  c h r o m o s o m e  n u m b e r s  encoun t e r ed  in 
t he  p r e sen t  i nves t i ga t i on  is shown  in t he  Table .  T h e  
whole  c h r o m o s o m e  con lp l emen t  m a y  be  d iv ided  in to  4 
d i s t i nc t  groups  (Figure  2). 

The  f i r s t  g roup  inc ludes  7 pa i rs  (1-7) of large  to  smal l  
sized m e t a c e n t r i c  au tosomes .  Only  pa i r  No. 1 in  th i s  
g roup  can  easi ly be  ident i f ied ,  because  i t  is t h e  longes t  
m e t a c e n t r i c  c h r o m o s o m e  pair .  There  are 6 pa i r s  (8-13) of 
med ium-s i zed  s u b m e t a c e n t r i c  ch romosomes  in t he  second 
group.  Pa i r  Nos. 8 a n d  9, because  of t h e i r  s imi la r  mor-  
phology,  c a n n o t  be  d i s t ingu i shed  one f rom the  o ther .  
Pa i r s  10-13 are more  or less of t h e  s ame  re l a t ive  l eng th  
and  so  t h e y  c a n n o t  be  s epa ra t ed  f rom eactl o ther .  T h e  X 
c h r o m o s o m e  also be longs  to  th i s  (10-13) group.  The  3rd 
g roup  inc ludes  3 pa i r s  (14-16) of d i s t i ngu i shab le  large-  
sized sub te locen t r i c  au tosomes .  Pa i r  No. 14 is t h e  la rges t  
pa i r  in  t he  c o m p l e m e n t  a n d  m a y  be  easi ly ident i f ied.  
Pa i r s  Nos. 15 a n d  16 are no t  d i s t ingu i shab le  f rom each  
o ther .  One of t h e  homologues  of t he  pa i r  No. 16 some- 
t imes  shows a ve ry  clear  a c h r o m a t i c  gap in t he  long arm.  
B u t  th i s  a c h r o m a t i c  gap  was no t  obse rved  in all  t h e  m e t a -  

phase  p la tes  e x a m i n e d  a n d  the re fo re  t h e  gap  c a n n o t  be  
used as a ' m a r k e r '  for t h i s  pair .  A pa i r  of smal les t -s ized  
ac rocen t r i c  au tosomes  cons t i t u t e s  t h e  4 t h  group.  P a i r  
No. 17 can  be  ve ry  easi ly iden t i f i ed  in all m e t a p h a s e  
pla tes .  

Since t h e  i n d i v i d u a l  was  a male  an d  no  female  was  
ava i l ab le  t h e  X c h r o m o s o m e  has  been  ident i f ied  a rb i -  
t ra r i ly .  As has  been  s t a t e d  ear l ier  t h e  X is a med ium-s i zed  
sub te locen t r i c  ch romosome.  T h e  Y is t h e  smal les t  
ac rocen t r ic  c h r o m o s o m e  ill t h e  male  set. F igure  3 shows 
t h e  i d iog ram p r e p a r e d  for th i s  species. 

T h e  tes t i s  p r e p a r a t i o n  d id  n o t  revea l  m a n y  d iv id ing  
cells. P e r h a p s  t h e  a n i m a l  was  c a p t u r e d  in a n  u n f a v o u r a b l e  
season. Blood leucocyte  cu l tu re  also fai led to r evea l  a n y  
d iv id ing  plates .  

Discussion. The  on ly  r e p o r t  of c h r o m o s o m e  s t u d y  of 
P h o l i d o t a  comes  f rom MAKINO an d  TATEISHI 1 who  de- 
scr ibed 2n = 42 ch ro mo s o mes  in a ma le  Pangol in ,  M.  
pentadactyla. T h e  X c h r o m o s o m e  was r epo r t ed  to  be  t he  
largest-s ized,  J - s h a p e d  s u b t e r m i n a l  c h r o m o s o m e  a n d  t h e  
Y was  a l i t t l e  la rger  rod - shaped  e l emen t  t h a n  t h e  smal l e s t  
a u t o s o m e  pair .  W e  could not ,  however ,  con f i rm  t h e i r  
f indings .  I n  a pe rsona l  c o m m u n i c a t i o n  MAKINO ~ wr i tes :  
' D a t a  f rom classical  m e t h o d s  should  be  revised  b y  c u r r e n t  
t echn iques . '  

The  c h r o m o s o m e  n u m b e r  as revea led  f rom our  s t u d y  is 
2n = 36 an d  t h e  X is a med i u m-s i zed  s u b m e t a c e n t r i c  
c h r o m o s o m e  an d  t h e  Y, an  acrocel l t r ic  chromosome,  is 

Fig. 2. Karyotype of metaphase of male M. pentadactyla. • 2200. 

Fig. 3. Idiogram of M. pentadactyla. 

Fig. 1. Male metaphase plate of M. pentadactyla. • 2200. 
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smal le r  t h a n  t he  las t  pa i r  of au tosomes  (Figure  3). The  
n u m b e r  of c h r o m o s o m e  a rms  (FN) is d e t e r m i n e d  to  be  66, 
exc lud ing  t h e  sex chromosomes .  

The  s e p a r a t i o n  of Pango l in s  f rom E d e n t a t a  in to  a 
s epa ra t e  order  P h o l i d o t a  wh ich  is en t i r e ly  based  on  t he  
a n a t o m i c a l  fea tures ,  is f u r t h e r  s u p p o r t e d  b y  cytological  
f ind ings  also. I n  t he  f ami ly  D a s y p o d i d a e  of E d e n t a t a ,  t he  
diploid  c h r o m o s o m e  n u m b e r  r anges  f rom 2n = 58 in 
Euphractus, 60 in  Chaetophractus to  64 in Dasypus (see 
MATTHEY3). I n  D. ,zovemeimtus, where  t h e  k a r y o t y p e  
ha s  been  s tud ied  in g rea te r  detai l ,  t h e  n u m b e r  of ch romo-  
some a r m s  is 78 (BtgATH e t  al.4), of w h i c h  23 pa i r s  are 
ac rocen t r i cs  whereas  in  M. pentadactyla on ly  1 pa i r  of 
smal les t  s ized au to somes  is acrocent r ic .  T he  k a r y o t y p e  
of t h e  f ami ly  D a s y p o d i d a e  is cha rac t e r i zed  no t  on ly  b y  
a la rger  n u m b e r  of ch r om os om es  b u t  also b y  a h ighe r  
n u m b e r  of c h r o m o s o m e  a rms  t h a n  Manidae .  T he  ka ryo -  

Chromosome counts in the marrow cells of a Pangolin 

Sex Chromosome number Total cells 
33 34 35 36 < counted 

Male 1 7 7 107 4 ~ 126 

Polyploid cells. 

t y p e  of M. pentadactyla (2n = 36, F N  = 66) is qu i te  
d i f fe ren t  f rom the  k a r y o t y p e s  of t he  genera  be long ing  to  
t h e  f ami ly  Dasypod idae .  Thus ,  t he  inc lus ion of Pango l in s  
in  a s epa ra t e  order  P h o l i d o t a  is ful ly just i f ied.  

I t  is t he  a u t h o r s '  desire to  explore,  if possible,  t h e  4 
Af r i can  a n d  t he  2 r e m a i n i n g  Asia t ic  species of the  genus  
Manis cytological ly.  

Zusammen/assung. I n  K n o c h e n m a r k z e l l e n  w u r d e n  die 
C h r o m o s o m e n  eines m~innlichen Pango l ins  (Mauls penta- 
dactyla L.) u n t e r s u c h t .  Die Zah l  der  d ip lo iden  Chromo-  
somen  b e t r ~ g t  36. Dieser  zyto logische  B e f u n d  u n t e r -  
st~itzt die Ans ich t ,  dass  m a n  die Pango l ine  in e ine 
besonde re  O r d n u n g  der  P h o l i d o t a  e inre ih t .  
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In i t ia t ion  of Mi tos i s  in I n t e r p h a s e  P l a s r n o d i a  
P r e m i t o t i c  P l a s m o d i a  I 

The  p l a s m o d i a  of t h e  m y x o m y c e t e ,  Physarum poly- 
cephalum coalesce r ead i ly  w i t h  one a n o t h e r  u p o n  con- 
t a c t  2. I f  coalescence occurs  b e t w e e n  p l a s m o d i a  r ep resen t -  
ing d i f fe ren t  s tages  of t h e  m i t o t i c  cycle a, t h e  nucle i  in  
t he  r e su l t i ng  m i x e d  p l a s m 0 d i u m  e n t e r  t h e  n e x t  pos t fus ion  
mi tos is  in  s y n c h r o n y  4, 5. T he  t i m e  wh ich  elapses b e t w e e n  
fus ion a n d  t he  onse t  of t h i s  mi tos i s  depends  on  t h e  
p r o p o r t i o n  in w h i c h  t h e  c o n s t i t u e n t s  f rom p l a s m o d i a  of 
d i f fe ren t  s tages  of t h e  m i t o t i c  cycle are  presen t .  I f  t h i s  
p r o p o r t i o n  is such  t h a t  nuc le i  of two  d i f fe ren t  s tages  of 
t h e  mi to t i c  cycle are  p r e s e n t  in  a b o u t  equa l  number s ,  t h e  
f i rs t  synch ronous  mi tos i s  a f te r  fus ion occurs  a t  a t i m e  
w h i c h  is a b o u t  ha l f  w ay  b e t w e e n  t h e  t i m e s  a t  wh ich  t h e  
n e x t  d iv i s ion  t akes  place  in con t ro l  pieces wh ich  were se t  
aside f rom t h e  same  p l a s m o d i a  p r io r  to  fus ion 4-6. I n  
p rev ious  e x p e r i m e n t s  i t  was  found  t h a t  p r e m i t o t i c  plas-  
m o d i a  in  such  c o m b i n a t i o n s  h a d  a s l igh t ly  d o m i n a n t  
effect, i.e., if t h e y  were al lowed to  coalesce w i t h  pos t -  
mi to t i c  p lasmodia ,  t h e  nucle i  of t h e  r e su l t ing  mixed  
p l a s m o d i a  d iv ided  s o m e w h a t  ear l ier  t h a n  would  be  
expec ted  f rom t h e  p r o p o r t i o n  in  wh ich  t he  nuclei  of b o t h  
s tages  were p r e s e n t  a. 

Th i s  d o m i n a n c e  is cons ide rab ly  more  p r o n o u n c e d  in 
c o m b i n a t i o n s  of p r e m i t o t i c  p l a smod ia  w i t h  i n t e r p h a s e  
p l a smod ia  wh ich  were m a i n t a i n e d  on  n o n - n u t r i e n t  
b a l a n c e d  sa l t  so lu t ion  ~ for  a b o u t  a w e e k  before  t he  
expe r imen t .  I n  such  s t a r v e d  p lasmodia ,  t he  nuclei  con- 
t i nue  to  d iv ide  ill synchro l ly  8, a l t h o u g h  t h e  d u r a t i o n  of 
t he  i n t e r m i t o t i c  per iod  is cons ide rab ly  prolonged,  a n d  a 
n u m b e r  of nucle i  degene ra t e  b e t w e e n  mitoses .  A t  all  
s tages  of t h e  m i t o t i c  cycle, t he  nucle i  of s t a r v e d  p l a s /  
m o d i a  are  cons ide rab ly  smal le r  t h a n  nucle i  f rom growing  
p l a s m o d i a  (Figures  1 a n d  2). Thus ,  b o t h  t ypes  of nucle i  
c an  b e  r ead i ly  d i s t i ngu i shed  f rom one  ano the r ,  u n d e r  

of Physarum polycephalum by C o a l e s c e n c e  w i t h  

phase  con t ras t ,  in  e thano l - f ixed  s m e a r  p r e p a r a t i o n s  f rom 
p l a smod ia l  exp l an t s  c o n t a i n i n g  a m i x t u r e  of b o t h  types  
of nuclei .  

I n  t h e  fus ion e x p e r i m e n t s  r epo r t ed  below, t h e  p r e -  
m i t o t i c  p l a s m o d i a  a t  t h e  t i m e  of coalescence were  a t  a 
s tage a p p r o x i m a t e l y  35 ra in  p r io r  to  me taphase .  A t  th i s  
t ime,  t h e  cen t r a l  nucleolus  w i t h i n  each  nuc leus  is loca ted  
closer to  t h e  nuc lea r  m e m b r a n e  t h a n  is t h e  case in in te r -  
p h a s e  nucle i  of a n  ear l ier  s tage.  The  ch romosomes  h a v e  
b e g u n  to  w i t h d r a w  f rom the  nuc lea r  m e m b r a n e  a n d  are 
a c c u m u l a t i n g  on  one side of t he  nucleolus  3. Segmen t s  of 
these  p l a s m o d i a  were al lowed to coalesce, b y  sandwich-  
ing 9, w i t h  s egmen t s  f r o m  i n t e r p h a s e  p l a smod ia  wh ich  
h a d  been  s t a r v e d  for a pe r iod  of i week  p reced ing  t h e  
expe r imen t .  A s i n  p rev ious  e x p e r i m e n t s  10, o the r  s egmen t s  
f rom b o t h  p r e m i t o t i c  a n d  i n t e r p h a s e  p l a s m o d i a  were set  
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