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h igh  m e t a b o l i c  levels of h y p o t h a l a m u s .  Neve r the l e s s  these  
obse rva t ions  are  in  comple t e  a g r e e m e n t  w i t h  those  per-  
fo rmed  b y  SAiro  e t  al. s, in  which  i t  was  d e m o n s t r a t e d  
t h a t  F S H  re leas ing fac to r  appea r s  in t h e  pe r iphe ra l  b lood  
of h y p o p h y s e c t o m i z e d  rats ,  p r o b a b l y  as a consequence  of 
a n  increased  syn thes i s  of th i s  h y p o t h a l a m i c  factor ,  and  
t h a t  th i s  pe r iphe ra l  F S H  re leas ing fac to r  a c t i v i t y  dis- 
appea r s  a f t e r  c a s t r a t i o n  of h y p o p h y s e c t o m i z e d  animals .  
I f  changes  in t he  ox ida t i ve  m e t a b o l i s m  of h y p o t h a l a m u s  
are cons idered  as r e p r e s e n t a t i v e  of modi f i ca t ions  in  t he  
syn thes i s  of t h e  re leas ing  factors ,  these  e x p e r i m e n t s  could 
help  exp la in  t h e  decrease  in t he  oxygen  u p t a k e  of t he  
an t e r i o r  a n d  pos te r io r  h y p o t h a l a m u s  wh ich  was obse rved  
in h y p o p h y s e c t o m i z e d  r a t s  a f t e r  gonadec t om y .  

Since t he  on ly  di f ference b e t w e e n  hypophysec~omized-  
c a s t r a t e d  and  h y p o p h y s e c t o m i z e d  ra t s  is t h a t  in t he  l a t t e r  
some a n d r o g e n  secre t ion  remains ,  i t  can  be  p o s t u l a t e d  
t h a t  t h e  absence  of t h e  depressor  effect  of g o n a d o t r o p h i n s  
is no t  solely respons ib le  for t h e  increase  in t he  me tabo! ic  
a c t i v i t y  of h y p o t h a l a m u s ;  t h e  presence  of some andro-  
genic a c t i v i t y  is also necessa ry  for th i s  increase.  W h e t h e r  
or n o t  th i s  f ind ing  is conce rned  w i t h  t h e  fac t  t h a t  t he  
presence  of t e s tes  is necessa ry  for t he  increase  of F S H  

re leas ing  fac to r  in  h y p o p h y s e c t o m i z e d  ra t s  r e m a i n s  to  
be s tud ied .  

Resumen.  Los resu l tados  ob ten idos  h a n  ind icado  que 
el i n c r e m e n t o  del consumo de ox/geno en  el h i p o t ~ l a m o  
a n t e r i o r  y pos te r io r  de los an ima le s  h ipof i sec tomizados  
desaparece  si estos  an imales  son cas t r ados  s imu l t anea -  
m e n t e  con la h ipof isec tomfa .  Se d iscu te  la i m p o r t a n c i a  de 
la p resenc ia  del tes t fculo  en  la e levac i6n  de la a c t i v i d a d  
m e t a b d l i c a  del h i p o t g l a m o  luego de la h ipof isectomfa.  
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The Karyotype  of the Black Rat 
C o m p l e m e n t  

Fol lowing t he  classical  obse rva t ions  of n u m e r o u s  
a u t h o r s  I-~, t he  d ip lo id  n u m b e r  of t he  b l ack  r a t  (Rattus 
rattus L.) is now f ixed a t  2n - -  42. This  diploid  n u m b e r  has  
also been  conf i rmed  r ecen t l y  b y  XirOSHIDA et  al. 5, for b l ack  
ra t s  of 2 J a p a n e s e  popu la t ions ,  and  b y  YO•G 6 in t he  
M a l a y a n  Rat tus  rattus diardi i  ( Jen t ink) .  B o t h  these  r ecen t  
obse rva t i ons  were car r ied  o u t  b y  emp loy ing  t he  bone  
m a r r o w  techn ique ,  wh ich  al lows an  exce l len t  cha rac t e r i za -  
t ion  of t he  m o r p h o l o g y  of t h e  ka ryo type .  The  resul t s  of all  
these  obse rva t i ons  indica te ,  for  Rat tus  raltus, a diploid  
n u m b e r  t h a t  is u n m i s t a k a b l y  f ixed a t  2n ~ 42. In  fact ,  t h i s  
is t h e  diploid  n u m b e r  g iven  for th i s  species in  t he  l a tes t  
cr i t ica l  l ist  of t he  d ip lo id  n u m b e r s  of the  e u t h e r i a n  m a m -  
mal s  7. 

However ,  in  a n u m b e r  of th i s  per iodica l  t h e r e  is a 
r epo r t  b y  BIANCHI e t  al. s on  2 Sou th  A m e r i c a n  popu la -  
t ions  of Rat tus  rallus showing  a c h r o m o s o m e - c o m p l e m e n t  
of 2n = 38. Th i s  fac t  has  p r o m p t e d  us to  pub l i sh  our  pa s t  
obse rva t ions ,  wh ich  were mere ly  a p r e l i m i n a r y  r e p o r t  b y  
two of us 9, on  t he  d i scovery  of a s imi la r  c h r o m o s o m e  
c o m p l e m e n t  in  a n  I t a l i a n  p o p u l a t i o n  of Rat tus  rattus. 

I n  t he  course of a n  i nves t i ga t i on  invo lv ing  s tudies  on  
t he  ind igenous  popu l a t i ons  of t he  smal l  I t a l i a n  i s lands  1~ 
we h a d  the  o p p o r t u n i t y  of s tudy ing ,  f rom the  cy to t axo -  
nomic  p o i n t  of view, t h e  popu l a t i ons  of Ral tus  m t t u s  
a lexandrinus  Geoff roy  of t h e  i s lands  of Giglio a n d  Gian-  
n u t r i  ( sou the rn  T u s c a n  archipelago) .  The  k a r y o t y p e  of t he  
b l ack  ra t s  c a p t u r e d  here  is c o n s t a n t l y  cha rac t e r i zed  b y  a 
diploid  n u m b e r  of 2n = 38. 

A s t u d y  was  m a d e  of t he  ch r om os om es  of 13 spec imens  
f rom Giglio a n d  7 f rom G i a n n u t r i ,  us ing  b o t h  t he  m e t h o d  
of p r i m a r y  cu l tu res  of splenic  f ib rob las t s  and  t h a t  of bone  
mar row.  I n  o rder  to  check  w h e t h e r  t he  k a r y o t y p e  
a n o m a l y  was l imi ted  to t h e  i s land  area,  we s tud ied  t he  
p o p u l a t i o n s  of Rat tus  rattus of t h e  Argen ta r io  p r o m o n t o r y ,  
wh ich  is c o n n e c t e d  to  t he  m a i n l a n d  b y  2 n a t u r a l  dunes  
a n d  a n  ar t i f ic ia l  d a m  (see m a p  shown  in F igure  3), a n d  
of t h e  i n l and  a rea  of t he  T u s c a n  M a r e m m a .  Also in these  

(Rattus rattus L.).  Another  Popula t ion  wi th  a 3 8 - C h r o m o s o m e s  

cases (14 spec imens  s tudied)  t he  k a r y o t y p e  was con- 
s t a n t l y  found  to  be  cha rac te r i zed  b y  2n = 38. 

Also in our  case, as in  t h a t  r epo r t ed  b y  BIANCHI e t  al. 8, 
t he  decrease  in t h e  diploid n u m b e r  m a y  be  i m p u t e d  to 2 
R o b e r t s o n i a n  ~1 t rans loca t ions ,  in  a h o m o z y g o u s  condi-  
tion, w h i c h  h a v e  p roduced  2 pairs  of large m e t a c e n t r i e  
au t0 somes  f rom 4 pa i rs  of ac rocen t r ic  chromosomes .  The  
pa i rs  of ac rocen t r i c  au tosomes  i nvo lved  in th i s  R o b e r t -  
son ian  process  would  a p p e a r  to  be  t he  same in t h e  2 
p o p u l a t i o n s  ( I t a l i an  a n d  S o u t h  Amer ican) ,  a t  l eas t  as far  
as m a y  be  seen f rom a compar i son  b e t w e e n  our  f igures  a n d  
those  pub l i shed  b y  BIANCHI e t  ai. s. A precise  k a r y o m e t r i e  
a s ses smen t  will p rov ide  more  rel iable  i n f o r m a t i o n  in th i s  
respect ,  and  we are now in process  of work ing  on  our  
k a r y o m e t r i c  da t a .  

The  in t e r e s t  of th i s  r epo r t  goes well  b e y o n d  a mere  con- 
f i r m a t i o n  of a s t r ange  diploid n u m b e r .  I n  fact,  we f ind 
ourse lves  in  t h e  pos i t ion  of h a v i n g  to  jus t i fy  d a t a  in  
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Fig. 1. Karyotype of female black rat (Rattus rattus L.), Irom Giannutri island. 

Fig. 2. Karyotype of male black rat  from the inland of Tuscany. 

a p p a r e n t  c o n t r a s t  to  o t h e r :  t h e  m o r p h o l o g i c a l  i d e n t i t y  
of  t h e  k a r y o t y p e ,  u p  to  n o w  c o n s i d e r e d  a n o m a l o u s ,  in  2 
b l a c k  r a t  p o p u l a t i o n s  so  s h a r p l y  s e p a r a t e d  (Medi t e r -  
r a n e a n  E u r o p e  a n d  S o u t h  A n m r i c a ) ,  c o n t r a s t  w i t h  t h e  
p l e n t i f u l  e v i d e n c e  of  t h e  w i d e s p r e a d  e x i s t e n c e  of  a d i p l o i d  
n u m b e r  2n = 42. T h e r e  is t h e r e f o r e  no  o t h e r  p o s s i b i l i t y  b u t  
to  a d v a n c e  t h e  t h e o r y  of  a c h r o m o s o m e  p o l y m o r p h i s m  
w i t h i n  t h e  s p e c i e s  R a t t u s  rat tus .  O n  t h e  o t h e r  h a n d ,  
c h r o m o s o m e  p o l y m o r p h i s m  m u s t  n o t  b e  c o n s i d e r e d  t o  be  
a r a r e  p h e n o m e n o n  a m o n g  r o d e n t s ;  v ide ,  for  e x a m p l e ,  
a m o n g  t h e  n u m e r o u s  w o r k s  on  t h e  s u b j e c t ,  t h o s e  of  
MATTHEY o n  A c o m i s  12, a n d  Leggada  ~3, t h o s e  of  VORONT- 
SOY e t  al. la o n  El lob ius  a n d  t h o s e  of  WARHMAN e t  al. 15 o n  
S p a l a x .  

W e  n m s t  n o t  f o r g e t  t h e  e a r l y  o b s e r v a t i o n s  c a r r i e d  o u t  
b y  PINCUS 1~ a n d  b y  CROSS x~, who ,  in  s t u d y i n g  t h e  N o r t h  
A m e r i c a n  p o p u l a t i o n s  of  R a t t u s  rat tus ,  h a d  e s t a b l i s h e d  a 
d ip lo id  n u m b e r  of  2n = 40 ! I t  s h o u l d  a l so  be  b o r n e  in  m i n d  
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Authors Large autosomes 

Metacentrics 

Small autosomes 

Submetacentrics Metacentrics Submetacentrics Aeroeentric 2n aFN 
autosomes 

YOSHIDA et al. 5 - (1) �9 7 - 13 42 54 b 

YONG 6 - - 7 2 11 42 58 

BIANCHI et al. s 2 1 7 1 7 38 58 

Present observations 2 1 6 2 7 38 58 

2n, diploid number; aFN, autosomal fundamental number, a The largest pair of autosomes in part of the individuals is heteromorphic (one 
teloeentric, the other subtelocentric), b Autosomal fundamental number is calculated in the homozygous situation of the largest pair of 
autosomes considered as acroeentrics. 
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Fig. 3. Map of the area where the animals were 
collected; numbers mark the sites where the 
captures were carried out. 

t h a t  PINCUS ma in ta ined  the  presence,  in th is  40-chromo- 
some karyo type ,  of a pai r  of large me tacen t r i c  auto-  
somes. I t  is ve ry  probable  t h a t  a new and  more  accura te  
examina t ion  of the  kary01ogy of the  Nor th  Amer ican  popu-  
la t ions of Rattus  rattus will reveal  t he  p h e n o m e n o n  of 
centr ic  fusion. On the  o the r  hand,  ch romosome  poly-  
m o r p h i s m  in Rattus  rattus a l ready  appears  as a consider-  
ably  complex  phenomenon ,  mere ly  fronl  a compar ison  
be tween  the  karyological  observa t ions  so far  avai lable (see 
Table). 

A f irs t  cons idera t ion  is sugges ted  by  the  large submeta -  
centr ic  au tosome  (No. 2 of our  karyotype) .  I t  is also 
p re sen t  in the  ka ryo type  suppl ied  by  BIANCHI et  al. 8 b u t  
no t  in t h a t  r epor ted  by  YONG e. In  t he  k a r y o t y p e  of the  
J apanese  popula t ions  s tudied  by  YOSHIDA et  al. ~, th is  
ch romosome  is in a par t icu lar  condi t ion,  since i t  is ob- 
served in a he te rozygous  s i tua t ion  in a he t e romorph ic  
pai r  only  in a l imi ted  pe rcen tage  of the  popula t ion .  The 
mechan i sm of ch romosome  t r ans fo rma t ion  capable  of pro-  
ducing  th is  change  is t h a t  of per icentr ic  inversion.  Other  
per icent r ic  invers ions  m u s t  be invoked in order  to  expla in  
the  differences t h a t  exis t  in  t he  d i f ferent  ka ryo types ,  wi th  
regard to t he  n u m b e r  and  fo rm of the  smal l  m e t a c e n t r i c  
and submetacen t r i c  au tosomes  (see Table).  

The karyotype of the population that we studied and 
that relative to the South American black rats are those 
most alike; however, in the karyotype of the rats of our 
population, one small autosome is markedly submeta- 
centric (No. 12 of our karyogram) and is not matched by 
an identical chromosome in the karyotype supplied by 
BIANCHI et al2. 

The s tudy  of t he  po lymorph i sm of Rat tus  rattus there-  
fore appears  h ighly  promising,  especially consider ing the  
ubiqui tous  d i s t r ibu t ion  of th is  species, and  the  fac t  t h a t  
b o t h  1Robertsonian t rans loca t ions  and  non -Robe r t son i an  
changes  seem to be involved in th is  ch romosome  poly- 
morph ism.  W e  have  p lanned  a wide-scale inves t iga t ion  
of the  E u ro p ean  and  Medi te r ranean  popula t ions  and  some 
mate r i a l  has  a l ready  been  collected. 

One last  cons idera t ion  is suggested b y  the  ap p a ren t  
i d en t i t y  of the  pairs  of acrocentr ic  au tosomes  involved in 
t he  Robe r t son i an  fusion in 2 such widely  separa ted  popu-  
la t ions  (I ta ly  and  South  America).  Two hypo theses  may  
be advanced :  (1) t h a t  centr ic  fusion has  occurred be tween  
the  same pairs  of au tosomes  i ndependen t ly  in the  2 
separa te  popula t ions ,  which  would show t h a t  par t icu lar  
ch romosome  areas  possessed a readiness  to  fuse, in re la t ion 
to  t he  presence  to  s t ruc tura l ly  homologous  areas ;  or 
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(2) t h a t  the  2 popula t ions  are in te rconnec ted  by  t h e  same 
sy s t em  t h a t  is responsible  for the  ubiqui tous  diffusion of 
the  species, which is t h a t  associated wi th  the  b lack r a t ' s  
condi t ion  as m a n ' s  commensal .  I t  is no t  improbab le  t h a t  
some ra ts  of Medi te r ranean  Europe  m a y  even have  
reached  America  w i t h . . .  Chr is topher  Columbus!  

Riassunto. In  una  popolazione i tal iana di  Rattus rattus 
L. ~ s ta to  messo in evidenza un cariotipo a 38 c romosomi ;  
la di f ferenza nel numero  diploide r i spe t to  a quan to  noto  
per  al t re  popolazioni  della s tessa specie ~ dovu t a  a due 

fusioni cent r iche  in condizione 0mozigote.  I1 confronto  con 
i car iot ipi  forni t i  da  al t r i  au tor i  per  la specie Rattus rattus 
ci fa proporre  anche  per  ques ta  specie di Rodi tor i  la 
p resenza  di un fenomeno  di pol imorf ismo cromosomico.  

E. CAPANNA, MARIA VITTORIA CIVITELLI 
and  R. NI~ZER 

Istituto di A natomia Comparata <~B. Grassi~> 
dell' Universith di Roma, Via Borelli 50, 
1-00761 Roma (Italy), 8 November 7969. 

C h r o m o s o m e  P o l y m o r p h i s m  in Deer Mouse  Sibl ings  (Peromyscus maniculatus) 
Earl ier  ch romosome studies  d e m o n s t r a t e d  an unusual  

ch romosome  po lymorph i sm b o t h  wi th in  and  be tween  sub- 
specific members  of Peromyscus maniculatus 1-4. Al though  
mul t ip le  ba lanced ch romosome  t rans loca t ions  have  no t  
been  comple te ly  ruled out,  mos t  au thors  favor  the  ex- 
p lana t ion  of per icentr ic  inversions as p robab ly  represent -  
ing the  basic mechan i sm for the  ch romosome  poly- 
morph ism.  However ,  these inversions m a y  be comple-  
m e n t e d  in some animals  by  var ia t ion  due to  the  ma t ings  of 
animals  wi th  d i f ferent  karyotypes .  The p resen t  s tudy  in- 
dicates  t h a t  sibling offspr ing of the  same pa ren t s  also 
d e m o n s t r a t e  this  ch romosome  po lymorph ism.  

Materials and methods. The animals  used for this  s t u d y  
are f rom a colony ot Peromyscus maniculatus main ta ined  
at  t he  Univers i ty  of Wash ing ton ;  the  animals  in the  
colony have  resul ted  f rom free in te rbreed ing  among  
m e m b e r s  of the  pure  subspecies Peromyseus maniculatus 
rubidis, Peromyscus maniculatus gambelli, and  Peromyscus 
maniculatus sonoriensis over a period of several  years.  A 
to ta l  of 14 offspring from mult iple  rantings be tween  2 of 
these  colony animals  had successful ch romosome  analysis.  
The rout ine  chromosome studies  on these animals  util ized 
the  micro technique  for cul tur ing leukocytes  f rom whole- 
blood as previously  descr ibed 5. 

Results. For  ready  compar ison  be tween  animals,  the  
chromosomes  are placed into 3 groups as previously  de- 
scr ibed:  (A) large submetacen t r i c  ch romosomes ;  (B) 
acrocentr ic  chromosomes ;  and (C) small  submetacen t r i c  
and  metacen t r i c  chromosomes  3. Wi th in  each group the  
chromosomes  are a r ranged  in decreasing size. E x a m i n a t i o n  
of the  represen ta t ive  ka ryo types  in Figures  1, 2 and 3 
suggests  t h a t  a n u m b e r  of the  chromosomes  can be pai red 
on the  basis of size and morphology,  while o thers  cannot .  
Since the  acrocentr ic  chromosomes  are mos t  readi ly  dis- 
t inguished,  the  p r ima ry  compar isons  among  the  animals  
are based upon the  acrocentr ie  number ,  as smnmar i zed  
for the  14 siblings in the  Table. The fa the r  of these 
an imals  had  15 acrocentr ie  chromosomes  and  10 large sub- 
me tacen t r i c  chromosomes.  The s tudies  on the  mo t h e r  
were unsuccessful.  

The n u m b e r  of acrocentr ic  ch romosomes  varies f rom 
12-15 in the  females and 14-16 in the  males  (see Table). 
The n u m b e r  of the  large metacen t r i c  ch romosomes  in 
Group A appears  to  va ry  f rom 9-11. Since the  chromo-  
some n u m b e r  was cons t an t  a t  48 in all animals  examined ,  
t he  re la t ive p ropor t ion  of the  chromosomes  in each group 
will va ry  if the  chromosome complemen t  wi th in  one group, 
such as the  B (acrocentrics),  varies. However ,  because of 
the  diff icul ty in es tabl ishing where the  A group ends  and 
the  C group begins in some instances,  no specific conclu- 
sions were a t t e m p t e d  for these groups. The sex chromo-  

somes could no t  be specifically ident i f ied in all animals  
and therefore  are no t  ma rk ed  in the  figures. 

Discussion. The f indings in the  p resen t  s tudy  conf i rm a 
cons t an t  diploid ch romosome  n u m b e r  of 48 for Peromyscus 
maniculatus. The resul ts  also indica te  t h a t  the  previous ly  
descr ibed ch romosome  p o l y m o r p h i s m  can be seen a m o n g  
closely re la ted animals  (siblings). Whi le  some differences 
be tween  animals  of d i f ferent  sexes can be a t t r i bu t ed  to the  
sex chromosomes ,  the  full ex t en t  of the  ch romosome  
var iance  be tween  male  and  female as well as the  dif- 
ferences wi th in  each sex canno t  be a t t r i bu t ed  to th is  ex- 
p lanat ion.  

These results  do no t  give a fu r the r  ins ight  in to  t he  
possible et iology of the  observed  chromosome po lymor-  
phism,  a l though t h e y  are cons is ten t  wi th  the  above-  
men t ioned  per icent r ic  inversion possibil i ty.  If  the  chromo-  
some studies  had  been  successful on b o t h  pa ren t s  of these  
animals,  it m igh t  have  been  possible to de te rmine  t h a t  the  
chromosome differences among  the  animals  could be 

Fig. 1. Animal  1485 is female and  has  13 acrocentr ic  chromosomes 
(B Group). On the basis of size alone the distinction between the 
smallest A Group chromosome and largest C Group chromosome is 
not clear, but on comparison with other animals they seem to fit best 
as illustrated. 
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