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be tween  40 and 50% smaller  t h a n  the  normal  one (Figure 
A and  B). The symmet r i ca l  pos i t ion of these  2 d i f ferent  
nucleoli  in s is ter-nuclei  seemed to  po in t  to the  p robab i l i ty  
t h a t  each was organized by  a different ,  specific chromo-  
some. 

W i t h  a v iew to  analysis  of the  chromosomes ,  a n u m b e r  
of specimens  were  p repa red  in accordance  wi th  the  tech-  
n ique  of T j Io  and  LEVAN 5. All t he  m e t a p h a s e s  showed 
the  16 chromosomes  typica l  of t he  onion, b u t  in t he  pa i r  
normal ly  possess ing satel l i tes  6-s, only one of t he  chromo-  
somes  possessed one (Figure C and  D), a form of he tero-  
zygosis s imilar  to  t h a t  a l ready  observed  b y  GIMs 
IVIARTfN o, in the  satel l i te  pai r  of A Ilium cepa. Bulbs wi th  
nucleoli  of t he  same size were  found  to  have  the  no rma l  
SAT-chromosomes  (Figure E). The presence  of d i f ferent -  
sized nucleoli  is therefore  corre la ted  wi th  t he  absence  of 
a satel l i te  or the  cor responding  secondary  cons t r ic t ion  in 
one of t he  chromosomes  of Allium cepa. 

This absence of the  secondary  cons t r ic t ion  m i g h t  be 
due s imply  to a physiological  condi t ion  ~~ since there  is 
evidence t h a t  t he  morpho logy  of t he  secondary  constr ic-  
t ions  is control led  by  genes wi th in  t he  ch romosome  itself ~. 
B u t  m a n y  s tudies  have  d e m o n s t r a t e d  the  connect ion  
be tween  the  a m o u n t  o f  ch romosome  mate r ia l  responsible  
for organiz ing the  nucteolus and  the  vo lume  of t he  
nucleolus2,3,~2, ~a or the  n u m b e r  of r ibosomal  cis trons 
present~4, ts. The poss ibi l i ty  of delet ion of t he  secondary  
nucleolar  cons t r ic t ion  ~6 in the  anucleola te  m u t a n t  in 
Xenopus laevis ~7 is d e m o n s t r a t e d  by  the  fact  t h a t  in th is  
m u t a n t  the  r ibosomal  cis trons are no t  mere ly  inac t iva ted  
bu t  absen t  ~5. We  migh t  i n t e rp re t  t he  case we are pre-  
sen t ing  as a par t i a l  delet ion of 1 nucleolar  organizer,  of 
which  the  cytological  express ion would be the  difference 
in size be tween  the  2 nucleoli, due  to  t he  heterozygosis .  

Resumen. Se describe et hallazgo de un bulbo de A llium 
cepa en el cual los dos nucleolos de c a d s  nflcleo m u e s t r a n  
una  clara diferencia de tamafio.  E1 nucleolo menor  posee 
a p r o x i m a d a m e n t e  la m i t a d  del d i~metro  del nucleolo 
normal .  E s t a  a l teraci6n de la morfologla  nucleolar  se 
corretaciona con Ia ausencia  de sat4li te en uno de los 
dos c romosomas  n o r m a l m e n t e  satelizados.  
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Chromosomes  of Three Asian Mammals:  Meriones meridianus (Rodentia: Gerbillinae), Spermophil- 
opsis leptodactylus (Rodentia: Sciuridae), Ochotona rufescens (La~omorpha: Ochotonidae) 

Chromosomal  analysis  of m a n y  m a m m a l i a n  species 
dur ing  the  last  decade  has  d e m o n s t r a t e d  t h e  po ten t i a l  
usefulness of cytological  charac te rs  in t axonomic  inves-  
t igation.  Acquis i t ion of 3 Asian m a m m a l s  now provides  
addi t ional  in fo rmat ion  concerning ch romosomal  rela- 
t ionships  wi th in  t he  roden t  genus Meriones, be tween  the  
2 families of Lagomorpha ,  and  be tween  Asian and N o r t h  
Amer ican  ground squirrels.  

Materials and methods. The following specimens  were 
s tud ied :  (1) Meriones meridianus Pallas,  I r an :  21 km 
west  of Sarakhs,  one male;  (2) Ochotona eu[escens Gray, 
Wes t  Pak i s t an :  24 k m  S. Que t t a  (Chiltan Mtn.) 4 females  
and  3 males;  (3) Spermophilopsis leptodactylus Lichten-  
stein, I r an :  24 km sou th  of Sarakhs,  i female and  2 
males.  

Chromosomes  were ana lyzed  f rom cell suspensions  of 
femoral  bone  mar row 1. K a r y o t y p e s  were a r ranged  in 
pairs  according to  size and  cen t romere  posi t ion (meta-  
centric,  submetacen t r i c ,  acrocentric) .  Because morpho-  
logical d i f ferent ia t ion  was  diff icult  in O. ru/escens, acro- 
centr ics  (telocentrics) and  subte locent r ies  were grouped  
toge the r  and  similar ly the  b i a rmed  chromosomes  (meta-  
centr ics  and  submetacent r ics )  were grouped  together .  
The f u n d a m e n t a l  n u m b e r  of ch romosome  a rms  (FN) is 
c o m p u t e d  by  count ing  b i a rmed  au tosomes  as 2 arnls  and  
acrocentr ic  au tosomes  as 1 a rm;  in Meriones the  sex 
ch romosome  arms are included to faci l i ta te  compar i son  
wi th  pr ior  publ icat ions .  

Results. The diploid ch romosome  n u m b e r  (2n) of 
Meriones meridianus is 50 and  t h e  ka ryo type  conta ins  
12 metacent r ic ,  14 submetacen t r ic ,  and  22 acrocentr ic  
au tosomes  (Figure 1). A large submetacen t r i c  and a 
medium-s ized  submetacen t r i c  comprise  the  sex chromo-  
somes and  t h e y  are des igna ted  X and  Y respect ive ly  
because sex chromosomes  of ident ical  morpho logy  have  
been  found in 4 o the r  species of Meriones 1, 2. The F N  
is 78. 

Ochotona ru/escens has  a 2n of 60 and  a k a r y o t y p e  
�9 conta in ing  24 b ia rmed  and  34 acrocentr ic  and  subtelo-  

centr ic  autosomes,  a medium-s ized  submetacen t r i c  X and 
a minute ,  dot- l ike Y chromosome  (Figure 2). The F N  is 82. 

Spermophilopsis leptodactylus has  a 2n of 38. The auto-  
somes are composed  of 14 metacent r ics ,  20 snbme tacen -  
trics, and  2 acrocentr ics  w i th  p r o m i n e n t  satel l i tes  
(Figure 3). A medium-s ized  submetacen t r i c  X and  a ve ry  
small  b i a rmed  Y cons t i tu te  t he  sex chromosomes  (Fig- 
ure 3). The F N  is 70. 

Discussion. 9 previously  s tud ied  species of Meriones 
disp layed  2n's of 40-72 and  F N ' s  of 72-781-6. The  chro-  
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mosomes  of M. meridianus, 2n = 50, cons t i tu t e  a new 
p a t t e r n  for the  genus t h a t  falls be tween  M. sacramenti, 
2n ----- 46, and  M. crassus, 2n = 601. K a r y o t y p i c  inter-  
re la t ionships  be tween  M. meridianus and  o the r  species of 
t he  genus seem to be due p r imar i l y  to  cent r ic  fusions;  
per icent r ic  invers ions  m u s t  also be pos tu l a t ed  in order  to  
account  for t he  va r ia t ion  in F N  f rom 72-781. Because 
F N ' s  of 78 charac te r ize  M. shawl (2n = 44), M. vinogra- 
dovi (2n = 44), and  M. unguiculatus (2n = 44), M. meri- 
dianus m i g h t  be considered more  closely re la ted  to these  
species t h a n  to M. hurrianae (2n = 40, F N  = 76), M.  
persicus (2n = 42, F N  = 72), M. crassus (2n = 60, 
F N  = 72), M. libycus (2n = 44, F N  = 74), or M. tristrami 
(2n = 72, F N  = 74) 1. Morphological  da t a  do no t  corro- 
b o r a t e  th is  sugges t ionL Thus,  before t he  diverse  karyo-  
t y p e s  t h a t  occur in Meriones m a y  be  in te rp re ted  in an 
e v o l u t i o n a r y  sense more  lines of t a x o n o m i c  evidence 
m u s t  be inves t iga ted .  

W i t h i n  the  order  L a g o m o r p h a  only  a few species of 
the  f ami ly  Lepor idae  have  been  examined  cytological ly.  
The  2n's of 6 species of Lepus f rom Euras ia  and  N o r t h  
Amer i ca  are 48s-~~ whereas  Oryctolagus cuniculus has a 
2n = 449, and  species of Sylvilagus disp lay  2n's  = 42 or 
5210-n; F N ' s  v a r y  f rom 66-80. Ochotona ru/escens con- 
s t i t u t e s  t he  f i rs t  descr ip t ion  of a species f rom the  fami ly  
Ochoton idae  and  i t  d isplays  a h igher  2n and  FN t h a n  
mos t  of t he  Lepor idae .  If  these  a t t r i bu t e s  are found in 
add i t iona l  species of Ochotona, chromosomes  m a y  serve 
as ano the r  means  for d i f fe ren t ia t ing  the  families of Lago- 
morpha .  F u t u r e  compar i sons  of Eu ra s i an  and  N o r t h  
Amer ican  Ochotona will also be of interest .  

F i f t een  species of N o r t h  Amer ican  ground  squirrels  of 
t he  genus Spermophilus exhib i t  2n's  of 30-46 and  F N ' s  

of 60-7813. 2 species, S. beecheyi and  S. variegatus (2n = 
38; F N  = 72) show a close ch romosoma l  resemblance  to 
Spermophilopsis leptodactylus, t he  l a t t e r  differ ing by  i ts  
F N  of 70 and  pair  of ch romosomes  wi th  satelli tes.  This 
degree of ka ryo typ ic  s imi la r i ty  be tween  Asian and N o r t h  
Amer ican  ground  squirrels  m a y  ind ica te  a c o m m o n  
ances t ry  or pe rhaps  a basic conse rva t i sm in the  ka ryo type  
of the  ground squirrels s tud ied  to da te  t h r o u g h o u t  the i r  
in t e rcon t inen ta l  d is t r ibut ion .  The satel l i ted acrocentr ic  
au tosomes  in Spermophilopsis are t he  f i rs t  r epor ted  in t he  
Sciuridae and  t h e y  m a y  prov ide  a means  for inves t iga t ing  
re la t ionships  wi th  Afr ican species of t he  t r ibe  Xerini ,  a 
group considered closely re la ted  to  Spermophilopsis 13,14. 

Fig. 3. Karyotype of a male Spermophilopsis leptodactylus (2n = 38). 
The acrocentric autosomes with satellites are underlined. • 2700. 

Fig. 1. Karyotype of a male Meriones meridianus (2n = 50). • 2700. 

Zusammen/assung. Chromosomenana lyse  yon  3 asia- 
t i schen  S/iugetieren:  Meriones meridianus (2n = 50), 
Ochotona ru/escens (2n = 60) und  Spermiophilopsis lepto- 
dactylus (2n = 38). Deren  2n's und  K a r y o t y p e n  wurden  
mi t  v e r w a n d t e n  F o r m e n  nins icht l ich  der  Geschlechter  
und  G a t t u n g e n  vergl ichen und  zur Klass i f i z i e rung  dis- 
kut ier t .  
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Fig. 2. Karyotype of a male Ochotona ru#scens (2n ~ 60). x 2700. 
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