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th rocy te  n u c l e u s  t r e a t e d  w i t h  a m m o n i a ,  t h e  coi led s t ruc -  
ture ha s  b e e n  s h o w n  b y  m e a n s  of t h e  o r d i n a r y  l i gh t  
microscope 1. 

I t  will be  d i scussed  in t h e  n e a r  f u t u r e  h o w  t h e  f lagel-  
lata-l ike c h r o m o s o m e s  are  d i f f e r e n t  f rom the  s t a l k e d  
bacter ia .  

G. YASUZUMI a n d  Y. YAMAMOTO 

Anatomical Institute, Medical Faculty, University o/ 
Osaka, Japan, February 23, 1953. 

Zusammen[assung 

E l e k t r o n e n o p t i s c h  wi rd  die Di f fe renz  zwischen  den  
m e t a b o l i s c h e n  C h r o m o s o m e n  u n d  den  Mikroorgan i s -  
men, die d e n  e r s t e r e n  in m a n c h e r  H i n s i c h t  ~thnlich 
sind, n a c h g e w i e s e n .  D u r c h  die m e c h a n i s c h e  E i n w i r k u n g  
werden die m e t a b o l i s c h e n  C h r o m o s o m e n  le ich t  z e r s t 6 r t  ; 
so werden  C h r o m o s o m e n  in C h r o m o n e m a t a  u n d  w e l t e r  
zu Chromof ib r i l l en  zer legt .  Die  M i k r o o r g a n i s m e n  le i s ten  
der m e c h a n i s c h e n  E i n w i r k u n g  im Verg le i ch  m i t  den  
m e t a b o l i s c h e n  C h r o m o s o m e n  W i d e r s t a n d .  Die  q u a n t i -  
ta t ive  A n a l y s e  de r  m e t a b o l i s c h e n  C h r o m o s o m e n  is t  
durch Verg le ich  m i t  de r  ~ q u a t o r i a l p l a t t e  in de r  Me ta -  
phase m6gl i ch .  

1 y. KUWADA (Private communication). 

Notes  on  the C h r o m o s o m e s  of the P o r c u p i n e  
and  the Chinch i l la  

This  s h o r t  p a p e r  is a r e p o r t  on  t h e  c h r o m o s o m e s  of  
two i n t e r e s t i n g  fo rms  of r oden t s ,  t h e  N e w  W o r l d  
porcupine  a n d  t h e  ch inch i l l a ,  w h i c h  b e l o n g  to  t h e  
suborder  H y s t r i c o m o r p h a  of t h e  o r d e r  R o d e n t i a .  
Tes t icular  t i ssues ,  f ixed  w i t h  FLEMMING'S s o l u t i o n  w i t h -  
out ace t ic  ac id  a n d  s t a i n e d  w i t h  NEWTON'S g e n t i a n  
violet, were  used  for  s t u d y .  

Chromosomes o/ the New World Porcupine. T h e  por -  
cupine o c c u r r i n g  in  N o r t h  A m e r i c a  is r e p r e s e n t e d  b y  
only one species,  Erethizon dorsatum, in  t h e  f a m i l y  
E re th i zon t i dae .  T h i s  a n i m a l  is a c o m m o n  fores t  in-  
h a b i t a n t  d i s t r i b u t e d  t h r o u g h o u t  a l m o s t  t h e  who le  r a n g e  
of the  U n i t e d  S t a t e s .  

Based  o n  f ive  good  m e t a p h a s e  p l a t e s  of  t h e  s p e r m a t o -  
gonia, t h i s  a n i m a l  was  f o u n d  to  h a v e  t h e  d ip lo id  n u m b e r  
of 34 in t he  ma le  (Fig. 1). T h e  c h r o m o s o m e s  h a v e  m o s t l y  
s u b t e r m i n a l  a n d  s u b m e d i a n  c e n t r o m e r e s  a s s u m i n g  
dis t inct  J -  a n d  V - s h a p e .  A m o n g  t h e m ,  however ,  t w o  
ch romosomes  a re  p r o m i n e n t  because  of t h e i r  d i s t i n g u i s h -  
ing fea tures .  One  is a long  rod- l ike  e l e m e n t  w i t h  s lender ,  
somewha t  d i f fu sed  ou t l i ne .  T h e  o t h e r  is a s h o r t  rod-  
shaped one  h a v i n g  a t a p e r i n g  end .  E a c h  one  is w i t h o u t  
a p a r t n e r  c o r r e s p o n d i n g  in s h a p e  a n d  size. T h e r e  is t h u s  
suff icient  r e a s o n  t o  i n t e r p r e t e  t h e  l a rge r  one  as  t h e  X 
ch romosome  a n d  t h e  sma l l e r  as t h e  Y. 

Some f i r s t  s p e r m a t o c y t e s  were  f o u n d  in process  of 
division s h o w i n g  17 b i v a l e n t  c h r o m o s o m e s  cons i s t i ng  of 
16 a u t o s o m a l  b i v a l e n t s  a n d  a h e t e r o m o r p h i c  X Y -  
complex (Fig. 2). 

Accord ing  to  MULDAL 1 t he  Old  W o r l d  p o r c u p i n e ,  
Hystrix cristata (which  m a y  n o t  be  c losely  r e l a t e d  to  
Erethizon, a c c o r d i n g  to  ~,¥ooD~), h a s  48 c h r o m o s o m e s  in 

1 S. MULDAL, John Innes Horticultural Institution, 38th Annual 
Report 23 (19a7). 

2 A. E. WOOD, Evolution 4, 87 (1950). 

t h e  d ip lo id  set .  W e  h a v e  n o t  h a d  access  to  a n y  d e t a i l e d  
a c c o u n t s  of t h e  c h r o m o s o m e s  of Hystrix  o t h e r  t h a n  t h e  
d ip lo id  n u m b e r .  T h e r e f o r e  we are  n o t  in  pos i t i on  to  
e n t e r  i n t o  a n y  d i scuss ion  of t h e  d i f fe rence  of t h e  ch ro -  
m o s o m e  n u m b e r  b e t w e e n  the se  two  forms,  a l t h o u g h  
b o t h  cy t o l o g i s t s  a n d  t a x o n o m i s t s  will be  i n t e r e s t e d  in 
t h i s  q u e s t i o n .  
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Figs. 1-2.--Chromosomes of the porcupine (Erethizon dorsatum). 
1, spermatogonial metaphase. '2, first spermatocyte metaphase. 

Figs. 3-4.--Chromosomes of the chinchilla (Chinchilla laniger). 3, 
spermatogonial metaphase. 4, first spermatocyte spindle, metaphase 

side view. 

Chromosomes o/ the chinchilla. Chinchilla laniger is a 
la rge  S o u t h  A m e r i c a n  r o d e n t  b e l o n g i n g  to  t h e  Chin-  
ch i l l idae .  T h i s  a n i m a l  h a s  a t t r a c t e d  a t t e n t i o n  because  
of t h e  h i g h  v a l u e  of i t s  fur ,  a n d  h a s  been  la rge ly  b r ed  
a n d  d o m e s t i c a t e d .  

T h e  r e su l t s  of c o u n t i n g  t h e  c h r o m o s o m e s  of c lear  
m e t a p h a s e  p l a t e s  in  b o t h  t h e  s p e r m a t o g o n i a  a n d  two  
k i n d s  of t h e  s p e r m a t o c y t e s  r evea l ed  t h a t  t h e  c h r o m o s o m e  
n u m b e r  of t h i s  a n i m a l  w as  64 in d ip lo id  a n d  32 in 
hap lo id .  T h e  d ip lo id  c o m p l e m e n t  is p r o v i d e d  w i t h  t h e  
c h r o m o s o m e s  c a r r y i n g  s u b t e r m i n a l  a n d  s u b m e d i a n  
c e n t r o m e r e s ,  e a c h  one  h a v i n g  t w o  d i s t i n c t  a r m s  (Fig. 3). 
F u r t h e r ,  t h e  d ip lo id  c o m p l e x  is v e r y  r e m a r k a b l e  in 
s h o w i n g  t w o  c h r o m o s o m e s  w h i c h  a re  p r o m i n e n t  in s h a p e  
a n d  size. T h e  one  is a h u g e  V - s h a p e d  c h r o m o s o m e ,  l a rges t  
of a l l  in  size. T h e  o t h e r  is a lso a r e m a r k a b l e  V - s h a p e d  
e l e m e n t  c o m i n g  n e x t  in  size. B o t h  h a v e  s u b m e d i a n  
c e n t r o m e r e s  a n d  r e m a i n  u n p a i r e d  s ince  t h e r e  is n o  
h o m o l o g o u s  m a t e  c o r r e s p o n d i n g  in s h a p e  a n d  size. T h e r e  
is no  d o u b t  t h a t  t he se  t w o  p a r t i c u l a r  c h r o m o s o m e s  are  
to  be  r e g a r d e d  as t h e  X Y - c o m p l e x  (Fig. 3). 

P r i m a r y  s p e r m a t o c y t e s  show a t  m e t a p h a s e  31 au toso -  
m a l  b i v a l e n t s  a n d  a h e t e r o m o r p h i c  X Y - c o m p l e x  w h i c h  
c o n s i s t s  of a l a rge r  V - s h a p e d  X a n d  a s ma l l e r  V - s h a p e d  
Y c o m i n g  i n t o  c o n t a c t  b y  t h e i r  s h o r t e r  a r m s  (Fig. 4). 

L o o k i n g  o v e r  t h e  l i t e r a t u r e  1, t h e  c h r o m o s o m e s  of t h e  
a n i m a l s  b e l o n g i n g  to  t h e  s u b o r d e r  H y s t r i c o m o r p h a  h a v e  
b e e n  r e p o r t e d  in Myocastor coypus ( C a p r o m y d a e ) ,  
Cavia cobaya (Cavi idae)  a n d  Hystrix  cristata ( H y s t r i -  
c idae) .  T h e  n u t r i a ,  Myocastor coypus, was f o u n d  to  
possess  42 d ip lo id  c h r o m o s o m e s  w h i c h  are  of a t e l o m i t i c  
s t r u c t u r e  e x c e p t  t h r e e  do t - l i ke  ones.  I n  t h e  gu inea -p ig ,  
Carla cobaya, 64 c h r o m o s o m e s  were  k n o w n  in d ip lo id ,  
s h o w i n g  t h e  f o r m u l a  of 2V's  + 62r ' s .  T h e  c h r o m o s o m e  

1 R. MATTHEY, Chromosomes des Vertdbrds (Edit. S. Rouge, Lau- 
sanne, 1948). - S. I~AKINO, A~ atlas o/ the chromosome numbers in 
animals (Iowa State College Press, Ames, Iowa, IDS1).- J. Fae. Sei. 
Hokkaido Univ. Ser. VI. Zool. 9, 345 (1947). 
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n u m b e r  of the  ch inchi l l a  is j u s t  t h e  same as t h a t  of the  
guinea-pig ,  b u t  obv ious ly  t he  c h r o m o s o m e  fo rmula  is 
l a rge ly  d i f ferent  be tween  t hem.  Also the  ch romosomes  
of  t he  ch inchi l la  h igh ly  dif fer  b o t h  in n u m b e r  and  
cons t i t u t i on  f rom those  of Erethizon dorsatum as well  as 
Hystrix  cristata. 

The kindness shown to me in the course of this study by Dr. T. S. 
PAINTER, Dr. M. J. D. WItITE, and Dr. W. H. LEONARD is sincerely 
acknowledged here. 

S. MAKINO 

Institute o/ Zoology, Hokhaido University, Sapporo, 
Japan,  and Department o/Zoology, University o/ Texas, 
Austin, Tex., March 4, 1953. 

Zusammen[assung 

Die  C h r o m o s o m e n  des neuwel t l i chen  S tache lschweins  
und des Chinchi l las  werden  mi t  den jen igen  einiger  ver-  
w a n d t e r  Nager  vergl ichen.  

N o t e s  on  the  C h r o m o s o m e s  of  the  Peromgsci 
( R o d e n t i a - C r i c e t i d a e )  

The  deer  mouse,  Peromyscus, is r ep resen ted  by  m a n y  
species and  subspecies  and  has a wide d i s t r i bu t ion  
t h r o u g h o u t  N o r t h  Amer ica .  The  ch romosomes  of these  
field mice were  i nves t i ga t ed  by  CROSS x. His  s tudies  were, 
however ,  l imi t ed  to the  spe rma togon ia l  ch romosomes ,  
and the  ch romos ome  features  in the  course of meiosis  
have  r e m a i n e d  unknown.  The  p resen t  a u t h o r  has had  an 
o p p o r t u n i t y  to  observe  the  me io t i c  ch romosomes  in 
some species of deer  mice,  t h rough  the  cour t e sy  of 
L. t~. DICE of t he  U n i v e r s i t y  of Michigan,  who  k ind ly  
suppl ied  the  m a t e r i a l  for s tudy .  

The  forms s tud ied  are  Perornyscus polionotus polio- 
horus, P. p. leucocephalus, P. leucopus texanus, P. truei 
truei, P. maniculatus maniculatus, P. m. bairdii, P. m. 
blandus, P. m. gambeli, and  _P. nasutus. W i t h  the  ex-  
cep t ion  of P. nasutus, all species obse rved  here  showed  
24 ch romosomes  in the  hap lo id  set  (Fig. 3-4).  P. nasutus 
was found to  have  26 hap lo id  ch romosomes  (Fig. 5). 
There  is i nva r i ab ly  a h e t e r o m o r p h i c  b i v a l e n t  cons idered  
as the  X Y - c o m p l e x  in the  hap lo id  g roup  of e v e r y  species 
under  s tudy .  I t  consists  of a s lender  J - shaped  X - e l e m e n t  
and  a Y of a shor t  rod - type .  Genera l ly  t he  X is charac-  
te r ized  by  a fa in t ly  s ta ined  diffused out l ine ,  e x c e p t  t he  
p rox ima l  end  which  is dense ly  s ta ined .  The  }" is uni-  
fo rmly  s ta ined ,  showing  some t imes  a smal l  condensed  
body  a t  i ts p r o x i m a l  end.  In  t he  f irs t  m e t a p h a s e  plate ,  
the  X and Y ch romosomes  lie in s ide-by-s ide  associa t ion 
coming  toge the r  a t  the i r  p rox ima l  dense par t s  only,  
while the  o the r  pa r t s  r ema in  free f rom close pair ing.  A t  
the  first  anaphase ,  the  X Y-b iva l en t  dis joins  unexcep t ion -  
ally, the  X and Y e lement s  pass ing to  t he  oppos i te  poles 
(Figs. 6-7).  The  t y p e  of associa t ion be tween  the  X and  Y 
ch romosomes  found in the  t~eromysci closely resembles  
t h a t  obse rved  by  MAKINO ~ in t he  red  mice,  Apodemus 
(Muridae-Murinae) .  S imi l a r  fea tures  of  t he  X and  Y 
ch romosomes  have  also been found  by  MATTHEY ~ to  
Occur in Microtus pennsylvanicus (Microtinae) and 
Sigmodon hispidus (Cricetidae).  Fu r the r ,  the  J - shaped  

X e l emen t  and  the  rod-shaped  Y e l e m e n t  of the  Peromysci 
are  in sha rp  con t r a s t  to  those  of Cricetus cricetus, 
Cricetutus griseus and Mesocricetus auratus, which are 
of  r e m a r k a b l y  large V-shape.  
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Figs. 1-7.--Chromosomes of Peromyscus. 1, spermatogonial meta- 
plmse of P. polionotus leu¢ocephalus. 2, spermatogonial metaphase of 
P. truei truei. 3, first spermatoeyte metaphase of P. truei truei. 4, 
first spermatoeyte metaphase of P. m. blandus. 6, first spermatocyte 
metaphase of P. nasutus. 6, First metaphase, side view, of P. m. 

blandus. 7, first anaphase of P. truei truei. 

The  diploid  n u m b e r  of ch romosomes  was observed to 
be 48 in P. polionotus leucocephalus, P. m. maniculatus 
and P. truei truei. E v e r e y  species is charac te r ized  by 
h a v i n g  a un i fo rm complex  which  consists  of a pair of 
large J - shaped  ch romosomes ,  a pair  of m e d i u m  J-shaped 
ones and a pair  of smal l  V-shaped  ones,  t oge the r  with 
t he  r e m a i n i n g  rod- l ike  e lements .  B u t  a considerable 
dif ference seems to  occur  in respect  to  l eng th  of chro- 
mosomes  be tween  species. On the  whole ,  P. polionotus 
leucocephalus is cha rac te r i zed  by  h a v i n g  sho r t e r  chro- 
mosomes  (Fig. 1), while  the  i nd iv idua l  chromosomes  of 
P. truei truei are r e m a r k a b l y  m u c h  longer  (Fig, 2). Since 
these  differences in l eng th  of ch romosomes  are  demon- 
s t r a t ed  in the  p repa ra t i ons  m a d e  by  the  same method  t, 
t h e y  m a y  be accep ted  as c h r o m o s o m a l  characterist ics 
pa r t i cu la r  to each  species. 

The  a u t h o r  wishes  to  i nves t iga t e  c o m p a r a t i v e l y  the 
ch romosomes  of the  Peromysc i ,  more  t ho rough ly  and 
wi th  more  s a t i s f ac to ry  mate r ia l ,  in t he  not- too-dis tant  
fu ture ,  on accoun t  of t he  in t e re s t  in t he  gene t ic  as well 
as in t he  e v o l u t i o n a r y  re la t ionsh ip  be tween  species and 
subspecies .  

Here, thanks should be expressed to Dr. L. R. DICE, Dr. T. S. 
PAINTER, and Dr. M. J. D. WHITE for their kind help in accomplish- 
ing this study. 

S. MAKINO 

Institute O[ Zoology, Hokkaido University, Sapporo, 
Japan, and Department o/Zoology, University o[ Texas, 
Austin, Tex., March 4, 1953. 

Zusammen/assung 

Das mio t i sehe  Verha l t en  der  C h r o m o s o m e n  yon Na- 
g e m ,  besonders  die Morphologie  der  X-Y-Geschlechts- 
Chromosomen ,  wird beschr ieben.  

1 j .  C. CROSS, J. Morph. 62,373 (1931); Cytologia 8, 408 (1938). 
2 S. ~,IAKINO, J. Morph, 88, 93 (1951); Cytologia 16, 288 (1952). 
a R. MATTtfEV, Chromosoma 6, 113 (1952). 

1 Fixed with FLEMMING'S solution without acetic acid andstained 
by NEWTON'S gentian violet method (modified by Dr. M.J.D. 
WHITE). 


