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metacent r ic  chromosomes,  only 2 pairs of smaIlacrocentr ics  
and about  40 microchromosomes.  The karyo type  of A. 
Naccarii consists of 75 pairs meta-  and submetacentr ic ,  6 
pairs of acrocentr ic  and about  76 microchromosomes.  Al- 
though the  number  of chromosomes is the  same, the  kar- 
yotypes  of H. huso and A. sturio are different  and easily 
dist inguishable by the  presence in H. huso of a pair  of large 
acrocentr ic  which is lacking in A. sturio. A. Naccarii 
appears  to be a polyploid, and by  considering the  mor- 
phology of the  larger chromosomes,  i ts ka ryo type  differs 
f rom those of both H. huso and A. sturio. 

The karyotypes  of the  above species of Acipenseridae 
are character ized by a high chromosomes number  and by  
a large number  of microchromosomes,  s imilar  to t ha t  
found by OHNO e t a l .  a for S. platorhynchus ; this  condi t ion 
seems to be val id  for the whole fami ly  of these Chondro- 
stei. OHNO 3 also puts  t he  quest ion whether  the  high 
chromosome number  of sturgeons is due to pol iploidy;  
our results  show tha t  the  number  2n = about  116 is 
widely  dis t r ibuted and perhaps i t  is not  a polyploid 
condi t ion;  p robably  polyploid species, such as A. Naccarii, 
wi th  about  240 chromosomes do exist.  

The Russian authors~,4 seem. not  to have  not iced the  
microchromosomes  ; by  considering onIy the  larger recta-  
and submetacent r ic  chromosomes,  the  karyotypes  they  
describe are s imilar  to those  repor ted  here. Therefore  we 
believe tha t  also A. stellatus, A. nudiventris and A. 
ruthenus have  a fundamenta l  chromosome number  of 
about  120 similar  to H. huso, A. sturio and S. platorhyn- 
chus; while A. giildenstiidti has a complement  of about  
240 chromosomes like A. Naccarii, and bo th  migh t  be 
polyploids. 

Many species of Acipenseridae produce easily inter-  
specific and intergeneric  hybr ids<~;  the  t a x o n o m y  of 
these species should be revised. The cytogenet ic  approach 
could provide  a cont r ibut ion  to these problems. A 
working hypothesis  to be tes ted is t ha t  H. huso, A. 
stellalus, A. ruthe~us and A. nudiventris, which produce 

fertile hybr ids  and also have s imilar  karyotypes  charac- 
ter ized by the  presence of 3 acrocentrics chromosomes,  
m a y  be s t r ic t ly  related species or even the  same species. 
Since A. gi~ldenstddti and A. Naccarii might  both  be 
polyploid,  the  comparison of their  karyotypes  could 
th raw l ight  on their  reciprocal  t axonomica l  relat ionship.  
H. huso and A. g~ldenst~idli produce unfert i le  hybr ids<  
There  is at  present  no avai lable  evidence on the  der iva t ion  
of A. g~ldenstddti and A. Naccarii as polyploid  species; 
the  morphology  of the  larger chromosomes of A. Naccarii 
differs f rom tha t  of H. huso and A. sturio. 

Rdsumd. On pr6sente l '6 tude caryologique des trois 
esp~ces d 'Es tu rgeons  des eaux italiennes. L'esp~ce Huso 
huso a u n  nombre  diploide d ' envi ron  116, don t  34 couples 
de chromosomes m6tacentr iques  et  subm6tacentr iques ,  
3 couples de chromosomes acrocentr iques,  et  envi ron  
38 microchromosomes.  L'esp&ce Acipenser sturio est 
caracteris6e par  environ 116 chromosomes,  dont  35 
couples m6tacentr iques  et subm6tacentr iques ,  2 couples de 
pet i ts  acrocentriques,  et  40 microchromosomes.  L'esp~ce 
Acipemer Naccar{{ est caracteris6e par  24O chromosomes 
environ, soit, 75 couples de chromosomes m6tacent r iques  
et subm6tacentr iques ,  6 couples d 'acrocentr iques  et  
environ 78 microchromosomes.  Les donnfes  caryologiques 
sont confront6es a v e c l a  sys t6mat ique  des Acipenseridae.  
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Oceanian Type  Black Rats  (Rattus rattus) with  a Subte locentr ic  M 2 C h r o m o s o m e  and 
C - T y p e  Transferr in  Obtained f r o m  North  A m e r i c a  

Oceanian type  black ra ts  w i th  38 chromosomes have  
been found widely  in the  world, namely  in Oceania, 
South  America,  Europe,  Nor th  America,  Central  Asia, 
Southwest  Asia and Africa. The idiogram of these rats 
differs marked ly  from %hat of the  Asian type  wi th  42 
chromosomes,  by  hav ing  2 large metacent r ic  pairs. 
According to YOSlDA et al . l -s ,  the  larger metacent r ic  
pair  (M1) have  or iginated in the  Rober t son ian  fusion of 
acrocentr ic  pairs No. 4 and 7 and the  o ther  smaller  one 
(M2) in tha t  of the  acrocentr ic  pairs No. 11 and 12 in the  
Asian type  black rat. Sizes of 2 arms of the  M2 chromo- 
some in these rats are usual ly similar. However ,  a subtelo- 
centr ic  M S chromosome,  which is remarkable  by  hav ing  a 
shorter  arm, was found in the  black rats  obtained f rom 
Nor th  America.  I l l  this  paper  the  id iogram of these rats  
will  be repor ted  wi th  special in teres t  in the  origin of the  
subtelocentr ic  M~ chromosome.  In  addit ion,  e lectrophoret ic  
analysis of thei r  sera was carried out, indicat ing Oceanian 
type  t ransferr in  in those rats and also suggesting the 
homogeneous  na ture  of the  breeding colony. 

The  black rats  (Rattus ratlus) used in the  present  
s tudy  were k indly  supplied f rom Dr. R E x  MARSH and 
Mr. RAY RECORD in the Depa r tmen t  of Animal  Physiology,  
Univers i ty  of California a t  Davis,  when we vis i ted 

there  in August ,  1973. According to Dr. MARSH'S cor- 
respondence 3 pairs of b lack rats  were collected in San 
Lorenzo, California in 1970, by  Mr. VAL DUTSON of Publ ic  
Hea l th  in Berkeley,  and since then  t h e y  have  been bred 
in an outdoor  popula t ion  cage. 10 rats  (5 females and 5 
males), r andomly  caught  f rom the  breeding colony, 
were given to us to send to Japan.  

Chromosomes of these rats  were observed in shor t - te rm 
cul tured ceils f rom thei r  ta i l  t ips following the  procedure 
described in the  previdus papers4. Chromosome prepara-  
t ions were made  by  convent ional  air drying technique 
and stained wi th  Giemsa solution. To observe the 
banding  pa t te rns  of chromosomes,  SDS technique  3 was 
applied. In  cu t t ing  the  tai l  tip, a small  blood sample, 
approx imate ly  0.5 ml, was obta ined  for e lectrophoret ic  

1 T. H. YOSIDA, K. TSUCHIYA, H. T. IMAI and K. [V![ORtWAKI, Jap. 
J. Genet. d4, 89 (1969). 
T. H. YOSIDA, K. TSUCHIYA and K. MORIWAKI, Chromosoma 33, 

252 (1971). 
T. H .  YoslI>A a n d  T. $AGAI, C h r o m o s o m a  37, 387 (1972). 

4 T. H .  YOSIDA, K. TSUCHIYA a n d  K. MORIWAKI, C h r o m o s o m a  33, 

30 (1971). 
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Fig. 1. Idiogram of a black rat with metacentrie and subtelocentrie 
M e chromosome pair (left in 3rd row) obtained from Davis' colony. 

Fig. 2. G-banding pattern analysis of a karyotype in the black rat 
with metacentric and subtelocentrie M e pair (left in 3rd row). 
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Fig. 3. Schematic representation of baildmg patterns in metaeentric 
and subtelocentrie M 2 chromosomes. Breakage occurs at 2 points 
(indicated by arrows) of the metaeentrie chromosome (M), one between 
bands 2 and 3 and the other one between bands 6 and 7; pericentric 
inversion occurs, and then the snbtelocentric chromosome (S) is 
developed. 

analysis  of t ransfer r in  types,  which  was per fo rmed  by  
the  combined  m e t h o d  of acrinol p reLrea tment  and th in  
layer  acry lamide  gel electrophoresisS. 

All 10 black ra ts  ob ta ined  f rom the  Davis '  colony were 
charac ter ized  by  the  Oceanian type  wi th  38 chromo-  
somes, excep t  one wi th  37 chromosomes.  All of t h e m  had  
2 large b ia rmed  au tosome pairs  (M 1 and  M2). A m o n g  
t h e m  the  larger one (M1) was the  same me tacen t r i c  pai r  as 
those  found in the  o ther  Oceanian t y p e  b lack rats.  By  
the  G-banding  p a t t e r n  analysis  of the  chromosomes,  the  
origin of the  b i a rmed  au tosome was conf i rmed to be 
or ig inated f rom the  Robe r t son ian  fusion of pairs  No. 4 
and 7 in the  Asian t y p e  black rat.  On the  o ther  hand,  the  
smaller  one (M2) in 5 ra t s  was a s imilar  me taeen t r i c  
h o m o m o r p h i c  pai r  to  those  found in t he  o ther  Oceanian 
t y p e  black rats.  They  were also conf i rmed to  be der ived 
f rom Rober t son ian  fusion of pairs  No. 11 and  12. The re- 
main ing  5 ra ts  were remarkab le  by  hav ing  a metacen t r i c  
and a subte locentr ic  he te romorph ic  3/I 2 pair.  The morpho-  
logy of the  subte locent r ic  M~ chromosome  was s imilar  
among  the  5 ra ts  examined.  Size of t he  metacen t r i c  M~ 
chromosome and t h a t  of the  subte locent r ic  M 2 were 
a lmost  the  same (Figure 1). This  suggests  t h a t  the  subtelo-  
centr ic  M 2 was der ived f rom per icentr ic  inversion of t he  
metacen t r i c  one. The compar i son  of G-banding  p a t t e rn s  
be tween  metacen t r i c  and  subte locentr ic  lVl 2 chromosomes  
s t rongly  suggested t h a t  the  la t t e r  was der ived f rom the  
per icentr ic  invers ion of the  former  (Figure 2). As a l ready 
d e m o n s t r a t e d  by  us using G-band  techniqueS, shor t  a rm 
of the  M~ chromosome has 3 bands ,  1 pale ly  s ta ined  and  
2 heavi ly  s ta ined bands  (1 to 3) and the  long a rm has 
3 heavi ly  s ta ined and 1 weakly  s ta ined  bands  (4 to  7). 
Invers ion  of the  M 2 chromosome could have  occurred b y  
breakage at  2 poin ts  ; one be tween  the  bands  2 and  3, and  
the  o ther  .between the  bands  6 and  7 (Figure 3). 

In teres t ingly ,  1 ra t  among  10 had  37 chromosomes  wi th  
a single X-ch romosome .  E x t e rn a l  features  of th is  rat ,  
however,  are those  of the  normal  female. Detai ls  of th is  
s tudy  are repor ted  in an o ther  paper  6. 

Acry lamide  gel e lec t rophore t ic  analysis  of the  sera 
ob ta ined  f rom the  10 ra ts  equal ly  exh ib i t ed  C type  
t ransfer r in  band  which was c o m m o n  in the  Oceanian 
type  ra ts  collected f rom Sou thwes t  Asia and Oceania ~. 
Typical  e lec t rophore t ic  p a t t e r n  was d e m o n s t r a t e d  in 
Figure 4. This  result  p robab ly  proves  t h a t  the  breeding  
colony has been s t r ic t ly  p r even t ed  f rom outcross.  

According to YOSIDA et al. 2, t he  original  k a r y o t y p e  of 
the  black ra t  is an Asian  type  wi th  42 chromosomes.  
TheyS, 9 also suggested t h a t  the  f i rs t  Robe r t son i an  fusion 
be tween  pairs  No. 11 and 12 had  occurred in Sou thwes t  
Asia developing the  Ceylon t y p e  black ra ts  wi th  40 chro- 
mosomes.  The second Rober t son ian  fusion in the  Ceylon 
t y p e  had  arisen in the  Sou thwes t  Asia developing 
Oceanian t y p e  black ra ts  w i th  38 chromosomes.  The la t t e r  
had  migra ted  f irs t  to Europe  t h ro u g h  Centra l  Asia and 
f rom Europe  to  the  new cont inent ,  N o r t h  and  South  
America  wi th  the  m o v e m e n t  of E u ro p ean  people.  
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Oceanian type  black ra ts  in Hawai i  have  been  repor ted  
by  YOSlDA and TSUCHIYA 1~ DAVIS and BAKER 11 have  
also repor ted  Oceanian t y p e  id iogram in all b lack ra ts  
collected in Texas,  Wash ing ton ,  Puer to  Rico and Mexico. 
The M 2 pair  of those  ra t s  was typica l ly  metacent r ic .  The 
subte locentr ic  M 2 observed in t he  p resen t  mater ia l  has  
never  been  repor ted  in any  locali ty of the  world. As 
descr ibed above, the  subte locent r ic  has  been  der ived f rom 
the  per icent r ic  invers ion of the  me tacen t r i c  M 2 chromo-  

some. Such invers ion seems to have  occurred cons iderably  
more  recent ly  in California (San Lorenzo ?) af ter  the  ra t s  
migra ted  there .  All 5 ra ts  w i th  the  subte locent r ic  M 2 
showed he te rozygous  pai r  consis t ing of subte locentr ic  
and metacen t r ic .  H a v e  the  ra ts  wi th  the  subte locent r ic  
M~ pair  become lethal  ? To solve th is  p rob lem we are now 
breeding  these  ra ts  in our labora tory ,  and the  result  of 
th is  s tudy  will be repor ted  la ter  1~. 

Rdsumd. Dix ra ts  (Rattus rattus) d 'une  colonie califor- 
nienne on t  6t6 examin6s.  Cinq sont  de t y p e  oc6anique. 
Les c inq autres  on t  1 paire  M 2 h6t6romorphe,  form6e 
d ' un  m6tacen t r ique  et  d ' u n  sub-m6tacent r ique ,  ce qui 
impl ique une inversion p6ricentr ique.  Les t ransfer r ines  
sont  du t y p e  oc6anique. 

T. H. YOSIDA, I~. x~ORIWAKI and T. SAGAI 

National Institute o/Genetics, 111 l - M i s i m a  
(Japan 411), 75 January  797& 

Fig. 4. Demonstration of C type serum transferrin by thin layer 
acrylamide gel electrophoresis combine with acrinol pretreatmen t 7. 
Sample Nos. 2, 5, 8: Standard samples, TfC 2. Sample Nos. 1, 3, 4, 
6, 7, 9: Sera of Oceanian type Rattus rattus obtained from California. 
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G-Band Patterns, Chromosomal Homologies, and Evolutionary Relationships Among Wild 
Sheep, Goats, and Aoudads (Mammalia, Artiodactyla) 

The t r ibe  Caprini  (family Bovidae) conta ins  5 genera 1, 2, 
among  which  the  wild sheep (Ovis) and goats  (Capra) are 
mos t  closely re la ted 3. The aoudad  (Ammotragus) of 
N o r t h  Africa shares affinit ies wi th  both,  especially t he  
la t te r  ~, a. Ammotragus, t oge the r  w i th  the  p r imi t ive  
caprine,  Hemitragus, also shares behaviora l  and morpho-  
logical charac ters  wi th  the  t r ibe  Rupicapr ini ,  f rom which 
caprines  p robab ly  evolved a, 4, and  GEIST a pos tu la ted  t h a t  
Ammotragus resembles  the  form ancest ra l  to Ovis, and 
is itself der ived f rom rupicapr ine  ancestors.  Capra 
presumab ly  represents  a separa te  evo lu t ionary  l ineage 
der ived f rom ances t ra l  capr ine  stock. The divergence of 
sheep and goat  l ineages p robab ly  occurred no later  t h a n  
the  early Pleistocene3, 5, con t ra ry  to PAYNE'S 6 hypothes i s  
t h a t  Ovis and  Capra were der ived f rom a single inter-  
breeding caprovine  s tock in late Paleol i thic  t ime.  

Chromosome analyses of these  3 genera d e m o n s t r a t e d  a 
com m on  f u n d a m e n t a l  n u m b e r  ( N F  = 60). All goats,  
b o t h  domes t ic  (Capra hircus) and wild (C. ibex, C. 
/alconeri) have  2n = 60, and  ka ryo types  compr ised  
ent i re ly  of acrocentr ic  autosomes,  a p a t t e r n  cons is ten t  
wi th  t he  pr imi t ive  bovid  chromosome complemen t  
proposed  by  WURSTtgR and BENIRSCHKE 7. Ammotragus 
lervia has a ka ryo type  similar  to  2n : 58 Ovis s. With in  
Ovis, diploid number s  vary ;  the  ka ryo types  observed in 
O. vignei (2n = 58), O. ammon (2n = 56), and in O. 

musimon, O. orientalis, O. canadensis and  0. dalli (2n = 54) 
were pos tu la ted  to be der ived f rom a series of centr ic  
fusions resul t ing in 1, 2, or 3 pairs  of b ia rmed  au tosomes  9. 

A Giemsa-band ing  technique  1~ was f irs t  ut i l ized by  us 
to  evaluate  chromosomal  homologies  of tile b ia rmed  
au tosomes  of wild sheep 11. More recent ly ,  these  G-band  
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Hist., London 1951). 
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(Springer Verlag, Berlin 1960). 
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