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Frequencies of the cold-induced + H  and --H on the long arm of the 5th chromosomes in Vicia [abe karyotype ACB 

Cells observed % of 5th chromosomes showing 

+ H a n d  - -  H O n l y  + H O n l y  - -  H N e i t h e r  + H n o r  - -  H 

Late prophase 22 52 25 9 14 

lV[etaphase 40 21 22 34 22 

La te  prophases and metaphases  in which 12 chromo- 
somes of the  complement  were interdis t inguishable  and 
well  spread were chosen and photographed.  Count  and 
judgemen t  of + H and of -- t t  were made  on the  posi t ive  
prints  wi th  magnif ica t ion  • 2600. 

Results and discussion. The cold t r e a t m e n t  revealed 
t h a t  the  5th chromosome possessed one + H  and one 
-- H on its long a rm (Figure). The  frequencies of the  + H 
and those of the  - - H  a t  la te  prophase and a t  metaphase  
are summar ized  in the  Table.  A t  late prophase,  the  + H 
and the  - - H  appeared wi th  similar  frequencies ( +  H, 
77~o; - - H ,  61~o ). The  chromosomes showing nei ther  
+ H nor  - - H  increased in number  a t  metaphase  more 
t h a n  a t  la te  prophase.  This  implies t h a t  bo th  + H and 
- - H  become less recognizable when the  cell cycle ap- 

proaches metaphase .  F r o m  late  prophase to metaphase ,  
the  -~I-t frequencies decreased more rapidly  than  the  
- - H  frequencies ( + H ,  f rom 77% to 43~o; - - H ,  f rom 
61% to 55~o). This explains, a t  least  in part ,  w h y  m a n y  
researchers who s tudied cold- t reated Vicia ]aba have  
described only - - H .  Through  chromosome condensat ion 
f rom late  prophase to metaphase ,  the  re la t ive  posit ion 
of t he  + H and t h a t  of the  - - H  along the  chromosome 
did no t  change as shown in the  Figure.  If  the  t igh t ly-  
coiled + H occurs at  the  expense of loosely-coiled --I-I, 
the  chromosomes  showing only + H are no t  to be ob- 
served. This, however ,  was no t  the  case, as shown in the  
Table.  The  occurrence of the  chromosomes showing only 
+ H supports  the  v iew t h a t  the  occurrences of + H and 
-- H are mu tua l l y  independent  mat ters ,  bu t  not  t h a t  the  
occurrence of + H is -- H occurrence-dependent  as OCKEY 
suggested. 

In  Vicia/aba the  chromocenters ,  i.e., he te rochromat in  
regions a t  interphase,  decondense t rans ien t ly  to a euchro-  
mat ic  s ta te  twice dur ing mi to t ic  prophase ~8. The  H 
disappears  first  a t  the  beginning of prophase ('Zerst~iu- 
bungss tad ium'  ~a), and reappears  at  the  stage subsequent  

to the  'Zers t~ubungss tadium' .  As prophase proceeds, 
chromosomes  undergoing spiral izat ion become recogniz- 
able separa te ly  as e longated threads  (spiral-prophasel~). 
A t  an ear ly  stage of this spiral-prophase,  the  dis t inct ion 
be tween  H and E becomes impossible again;  i.e., H 
disintegrates  to ]?;. I n  this exper iment ,  the  prophases 
which corresponded to the  ear ly  stage of spiral-prophase 
did not  show any  H different iat ion.  As chromosome con- 
densat ion proceeds, H reappears  (late prophase in this  
paper).  I t  was known t h a t  w i thou t  the  cold t r e a t m e n t  
bo th  + H and - - H  became apparen t  a t  this  la te  pro- 
phase ~0,1~. Afterwards,  in the  case of non-cold- t rea tment ,  
this  H different ia t ion vanishes  up to metaphase .  I t  is 
considered t h a t  cold t r e a t m e n t  dis turbs the  vanishing of 
the  H different ia t ion f rom late prophase on and even-  
tua l ly  brings about  the  + H  and - - H  revela t ion on 
metaphase  chromosomes.  

The  cold-induced - - H  has been shown in Trillium4, ~5 
and in Vicia ]aba ~6 to be a di f ferent ia l ly  darker  stained 
segment  by  Giemsa banding  methods.  The present  results 
showed t h a t  + H and -- H were independent  phenomena.  
I n  Chinese hamster ,  the  darker  Giemsa bands were the  
t ight ly-coiled,  i.e., + H chromosome segments  ~v. In  
Vicia ]aba, too, some of the  Giemsa-posi t ive segments  
revealed by  Giemsa banding methods12,15,16,1s,19 m a y  
correspond to cold-induced + H  segments.  This, how- 
ever, is a t  present  an open question.  
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Summary. Studies of L D H  isozymes in the  European  green frogs showed t h a t  the  synthesis  of the  t3 subunits  is con- 
t rol led by  3 alleles a t  a single genetic  locus. The genetic  evidence supports  the  hypothes is  t h a t  Rana esculenta is the  
hybr id  of R. lessonae • R. ridibunda. 

Hybr id iza t ion  exper iments  and b iomet r ic  studies of 
the  3 types  of European  green frogs indicate  t ha t  Rana 
lessonae and Rana ridibunda are 2 d is t inct  species, while 
Rana esculenta represents  thei r  hybr id  ~-6. Cytological  
analysis of the  karyo types  7, as well  as e lect rophoret ic  
examina t ion  of the  serum proteillS s-11, suppor t  th is  
conclusion. In  order  to ob ta in  fur ther  in format ion  abou t  
ti le t axonomic  relat ionships  of these 3 frog types,  we 

carried ou t  a detai led s tudy  of the  genetic  control  of the  
lac ta te  dehydrogenase  (LDH) isozyme. The  present  paper  
is a brief  repor t  of this  s tudy.  Tile detai led results will be 
publ ished later.  

Materials and methods. Adul t  frogs were collected f rom 
the  v ic in i ty  of Ziirich and kep t  in running wate r  in the  
laboratory.  The different  crosses, which were pa r t l y  made  
by  art i f icial  fert i l izat ion,  are summar ized  in Table  I. 
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Table I. Parental phenotypes of adult female and male frogs used 
in different crosses and the resulting F 1 phenotypes 

Parental phenotypes No. of crosses F 1 phenotypes 

Female Male 

les �9 • les 16 les 
les • esc 3 ese 
les • rid 5 esc 
esc • les 13 esc 
ese x esc 10 (rid) b 
ese • rid 5 rid 
rid • rid 1 rid 

�9 Abbreviations refer to the first 3 letters of the corresponding frog 
types, b Offspring from a single cross. Larvae from the other 9 crosses 
were all lethal. 

Embryos and larvae from each cross were reared at room 
temperature (about 22-24~ and fed powdered nettle 
leaves. On the basis of both the external features and the 
serum albumin patterns of the metamorphosed individuals, 
the morphological phenotypes of the F I generation were 
ident i f ied  n .  

For  analysis  of t he  L D H  isozyme p a t t e r n s  in the  F 1 
offspring,  e i ther  a whole larva aged abou t  4 weeks,  or a 
tai l  piece of such a larva,  was homogenized  in a buffered  
saline solution.  Fol lowing cen t r i fuga t ion  an a l iquot  of the  
s u p e r n a t a n t  con ta in ing  20-30 ~xg pro te in  was  used for 
po lyacry lamide  gel e lectrophoresis ,  employ ing  a 2.5% 
sample  gel and  a 5.5% separa t ion  gel (MAuRER12). The 
isozyme bands  were s ta ined  by  a modif ied m e t h o d  given 
by  DIETZ and  LUBRANO ]8. For  compar i son  var ious  t issues 
(liver, skin, hear t ,  ovary,  testis) of the  adu l t  female and  
male  frog used in each cross were dissected ou t  and  the i r  
p a t t e r n s  of L D H  isozymes were ana lyzed  in the  same 
way.  

Resul t s  and discussion.  As can be seen in Table  I, all 
hyb r ids  of t he  crosses lessonae ~ •  ~, lessonae 

•  ~ and  esculenta ~ • ~ were of the  
esculenta pheno type .  Out  of a t o t a l  of 10 esculenta ~ • 
esculenta ~ crosses, only  in one cross did the  larvae com- 
plete  m e t am orphos i s ;  t he  p rogeny  of th is  cross were 
ident i f ied  as ridibunda.  Larvae  of the  remain ing  9 crosses 
all s t opped  d e v e l o p m e n t  1 week af ter  ha t ch ing  and  died 
1 m o n t h  later.  These resul ts  are in ag reemen t  w i th  those  
r epor ted  previous ly  b y  BERGER 5. 

We  found 3 L D H  p a t t e r n s  (I, II ,  I I I )  in lessonae, 3 
(III, Iv, v) in r id ibunda  and  4 (II, III, IV, vI) in escu- 
lenta (Figure 1). The zymograms  I in lessonae and  I I I  in 
lessonae and  esculenla each have  5 isozymes.  The zymo-  
grams n I  and  V in r id ibunda  showed only  4 isozymes,  
a l though  5 b a n d s  could have  been  expec ted .  The miss ing 
b a n d  m a y  e i ther  be no t  formed,  or be formed b u t  have  
no enzyme act iv i ty .  In  any  case, f rom the  spacing of t he  
enzyme  b a n d s  in each zymogram,  i t  can  be concluded 
t h a t  L D H  isozymes in the  green frogs, as in m a m m a l s  a n d  
o ther  vertebrates14,15, are t e t r a m e r s  fo rmed by  r a n d o m  
assembly  of t he  A and B subuni ts .  Since in all these  
p a t t e r n s  the  least  anoda l  b a n d  has  t he  same mobi l i ty ,  
it  m a y  fu r the r  be concluded t h a t  t he  genet ic  locus coding 
for the  A subun i t  is the  same in the  3 t ypes  of green frogs. 
On the  o the r  hand ,  the  m o s t  anodal  bands  and  the  inter-  
med ia te  isozymes differ  in the i r  e lec t rophore t ic  mobili t ies,  
suggest ing t h a t  the re  are 3 allelic genes control l ing the  
synthes is  of 3 d i f ferent  k inds  of B subuni ts .  Fol lowing 
the  nomenc la tu re  of WRIGHT and MOYER 16,17, these  
allelic genes will be des igna ted  L D B  a, L D B  b and  L D B  e. 
The cor responding  subuni t s  coded b y  t h e m  will be 
called B~, Bb and  Be in t he  order  of increasing nega t ive  
charge.  The allele LDB~ is charac ter i s t ic  for lessonae, 
L D B  b for ridibunda,  while L D B  e is p resen t  in b o t h  
species. Thus,  animals  which  show the  p a t t e r n  I, V or 
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Nationalfonds, the Georges und Antoine Claraz-Sehenkung and 
the Karl Hescheler-Stiftung. 
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Fig. 1. Zymograms of LDH iso- 
zymes ill the 3 types of green 
frogs Rana lessonae, R. ridib~nda 
and R. esculenta, 
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Table II. Morphological phenotypes, the genotypes for the B subunits  and the LDH patterns of the parental  female and male frogs, and the 
corresponding data for the F 1 esculenta generation 

Female • Male No. of F 1 Offspring 
crosses 

Phenotype Genotype LDH Pheno- Gen0type LDH Pheno- Genotype LDH 
B subunit  pa t tern  type B snbuni t  pat tern type B subunit  pat tern 

les LDB~/LDB �9 I rid LDBo/LDB c III 1 esc LDB~/LDB c II 
les LDB=/LDB c II rid LDBo/LDBc n I  1 esc LDB=/LDBo II 

LDB,/LDBo III  
Ies LDB=/LDB c II rid LDBb/LDB o IV 3 esc LDB~/LDBo II 

LDBo/LDBo III  
LDBb/LDB o IV 
LDB~/LDB b VI 

les LDB~/LDB~ I esc LDBb/LDB c IV 1 esc LDB~/LDB b VI 
les LDB' /LDB ~ II esc LDB' /LDB b VI 1 esc LDBb/LDB ~ IV 

LDB' /LDB b VI 
les LDB,/LDBo II esc LDBb/LDB ~ IV 1 esc LDBb/LDB o IV 

LDB,/LDB b VI 
esc LDB=/LDB b VI les LDB'/LDB= I 6 esc LDB,]LDB'  VI 
esc LDB=/LDB b VI les LDB'/LDBo II 2 esc LDBb/LDB ~ IV 

LDB' /LDB b VI 
esc LDB~/LDB ~ II les LDB=/LDB ~ I 1 esc LDB~/LDB ~ II 
esc LDBb/LDB ~ IV les LDB~/LDB= I 3 esc LDB~/LDB b VI 
esc LDBb/LDB o IV les LDBo/LDB~ n I  1 esc LDBb/LDB ~ IV 

I I I  h a v e  t h e  h o m o z y g o u s  c o m b i n a t i o n  L D B a / L D B %  
L D B b / L D B  b o r  L D B e / L D B  c r e s p e c t i v e l y  in  r e g a r d  t o  t i le  
B s u b u n i t  ( F i g u r e  2). 

A c c o r d i n g  t o  t h e  s u b u n i t  t h e o r y ,  t h e  A a n d  B s u b u n i t s  
a r e  u n d e r  t h e  c o n t r o l  of  s e p a r a t e  loci.  C o n s e q u e n t l y  f r o g s  
o f  t h e  h e t e r o z y g o u s  c o m b i n a t i o n  L D B ~ / L D B e , L D B b / L D B e  
or  L D B a / L D B  b p r o d u c e  a t o t a l  of  3 d i f f e r e n t  s u b u n i t s  (one  
A s u b u n i t  + 2 B s u b u n i t s ) ,  a n d  z y m o g r a m s  e x h i b i t i n g  
15 L D H  i s o z y m e s  w o u l d  be  e x p e c t e d .  W e  f o u n d  t h a t  
p a t t e r n  I I  in  l e s s o n a e  a n d  e s c u l e n t a  a n d  p a t t e r n  I V  in  
r i d i b u n d a  a n d  e s c u l e n t a  e a c h  h a v e  11 i s o z y m e s  ( F i g u r e  1). 
S e v e r a l  p o s s i b i l i t i e s  m a y  a c c o u n t  for  t i le  4 m i s s i n g  b a n d s .  
A s  m e n t i o n e d  a b o v e ,  t h e s e  h e t e r o p o l y m e r s  a r e  e i t h e r  n o t  

f o r m e d  a t  all ,  o r  a r e  f o r m e d  b u t  e n z y m a t i c a l l y  i n a c t i v e .  
I n  a d d i t i o n ,  s o m e  i s o z y m e  b a n d s  m a y  o v e r l a p  a n d  t h u s  
b e  i n d i s t i n g u i s h a b l e ,  a s  d e m o n s t r a t e d  in  F i g u r e  2 for  t h e  
b a n d s  4, 2 a n d  5 in  z y m o g r a m s  II,  I I I  a n d  I V  r e s p e c t i v e l y .  
W e  do  n o t  y e t  h a v e  s u f f i c i e n t  i n f o r m a t i o n  to  d e c i d e  
b e t w e e n  t h e s e  pos s ib i l i t i e s .  S ince  t h e  a l le le  L D B  a is 
c h a r a c t e r i s t i c  o f  l e s s o n a e  a n d  L D B  b of  r i d i b u n d a ,  t h e  
h e t e r o z y g o u s  c o m b i n a t i o n  L D B a / L D B b  s h o u l d  o c c u r  o n l y  
i n  e s c u l e n t a  a s s u m i n g  t h e  h y b r i d  h y p o t h e s i s  is  t r u e .  O u r  
d a t a  i n d i c a t e  t h a t  t h i s  is i n d e e d  t i le  case .  

F r o g s  of  t h e  F 1 g e n e r a t i o n  w i t h  t i l e  p h e n o t y p e  e s c u -  

l e n t a  w e r e  o b t a i n e d  f r o m  a t o t a l  of  21 c rosses ,  n a m e l y  5 
l e s s o n a e  2 •  ~ ,  3 l e s s o n a e  ~ •  ~ a n d  13 
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Fig. 2. Diagrams to explain the LDH isozyme pat terns shown in Figure 1, on the basis of the genotypes at the locus specifying the B sub- 
units. The reason for excluding pat tern VI in this figure is given in the text. 
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esculenta $ • ~. Table  I I  s u m m a r i z e s  t he  mor -  
phologica l  pheno types ,  t he  geno types  for  t he  B subun i t ,  
a n d  t he  i sozyme p a t t e r n s  of t he  p a r e n t a l  female  and  male  
frogs, a n d  those  of t he  Fx offspr ing in each  of these  crosses. 
The  5 lessonae ~ • ~ crosses p rov ide  t he  m o s t  
c lea r -cu t  ev idence  for t he  h y b r i d  n a t u r e  of esculenta, 
since t he  e x p e r i m e n t a l  d a t a  agree pe r fec t ly  w i t h  t he  pre-  
d ic t ion.  However ,  a closer e x a m i n a t i o n  of t he  resu l t s  of 
those  crosses invo lv ing  esculenta females  or males  showed  
t h a t  n o t  all geno types  a n d  i sozyme p a t t e r n s  w h i c h  were 
expec t ed  on  t h e  basis  t h a t  esculenta consis t  of b o t h  
lessonae a n d  ridibunda genomes  were  observed .  This  can  
be  exp l a ined  b y  our  f ind ing  t h a t ,  in  c o n t r a s t  to  lessonae 
a n d  ridibunda, eggs of t he  L D B a / L D B  e esculenta female  
w i t h  p a t t e r n  I I  showed  o n l y  i sozymes  of p a t t e r n  nI ,  
sugges t ing  t he  p resence  of on ly  t he  Bc s u b u n i t  in  t h e  egg 
cy top l a sm.  Similar ly ,  eggs of those  L D B a / L D B  b esculenta 
females  w i t h  p a t t e r n  V I  showed  on ly  p a t t e r n  V, i n d i c a t i n g  
t he  occur rence  on ly  of t h e  Bb subun i t .  T he  cons i s t en t  
absence  of t h e  B a subun i t ,  w h i c h  o r ig ina tes  f rom lessonae, 
d e m o n s t r a t e s  c lear ly  t h a t  in  t he  esculenta eggs on ly  t he  
ridibunda genome is r e t a ined .  Ana lyses  of t he  L D H  iso- 
zymes  in ovar ies  a n d  tes tes  sugges t  t h a t  t h e  Same e v e n t  
t akes  place d u r i n g  b o t h  oogenesis  and  spe rmatogenes i s .  
I n  o the r  words,  in  t he  female  a n d  male  ge rm cells of 
esculenta, t h e  genet ic  i n f o r m a t i o n  f rom lessonae is a lways  
e l imina ted .  W i t h  such  a hypo thes i s ,  all obse rved  i sozyme 
p a t t e r n s  of t he  F 1 esculenta i nd iv idua l s  can  be expla ined .  

I t  shou ld  be  po in t ed  o u t  t h a t  t he  i sozyme p a t t e r n  V I  

in esculenta w i t h  t h e  geno type  L D B a / L D B b  seems to  be  
a n  except ion ,  since insp i t e  of t h e  p resence  of 3 k inds  of 
s u b u n i t s  (A, B a, B b) t h e  z y m o g r a m s  showed on ly  5 b a n d s  
(Figure  1). One line of ev idence  for t he  he t e rozygous  
cond i t ion  of t he  B s u b u n i t  in these  frogs is t h a t  t he i r  m o s t  
a n o d a l  i sozyme occurs  as 2 closely loca ted  s u b b a n d s  w i t h  
a n  i n t e r m e d i a t e  m o b i l i t y  b e t w e e n  t he  m o s t  a n o d a l  b a n d  
of p a t t e r n  I ( L D B a / L D B  a) in  lessonae a n d  t h a t  of p a t t e r n  
V ( L D B b / L D B  b) in ridibunda. Owing to t he  smal l  charge  
difference be tween  t he  B a a n d  B b subun i t s ,  i t  m a y  be t h a t  
t h e  15 i sozyme b a n d s  expec ted  were n o t  resolved  b y  our  
e lec t rophore t i c  p rocedure .  More ex tens ive  ev idence  is 
needed  to  c lar i fy  th i s  point .  

As to the  m o r p h o g e n e t i c  changes  of t he  L D H  isozymes,  
ou r  resu l t s  can  be  s u m m a r i z e d  as follows : W h e n  eggs w i t h  
t h e  h o m o z y g o u s  p a t t e r n  I, I I I  or V deve loped  in to  l a rvae  
w i t h  t h e  he t e rozygous  p a t t e r n  I I  or IV, t h e  i sozyme b a n d s  
of such  a he t e rozygous  p a t t e r n  b e c a m e  f i rs t  d e t e c t a b l e  in  
e m b r y o s  showing  h e a r t  b e a t  a n d  a t  h a t c h i n g  ( S h u m w a y  
s tage  19-20). This  means  t h a t  t he  p a t e r n a l g e n e  is a c t i v a t e d  
on ly  a b o u t  4 -5  days  a f t e r  t he  b e g i n n i n g  of deve lopmen t .  
A l t e rna t ive ly ,  w h e n  eggs showing  he te rozygous  p a t t e r n s  
deve loped  in to  l a rvae  w i t h  h o m o z y g o u s  pa t t e rn s ,  t he  
m a t e r n a l  L D H  isozymes pers i s ted  un t i l  a b o u t  14-20 days  
a f t e r  h a t c h i n g .  Th i s  could be due  e i t he r  to  a low t u r n o v e r  
of t he  e n z y m e  pro te in ,  or to  t he  occur rence  of s t ab le  
m R N A .  The  same resu l t s  h a v e  been  r epo r t ed  b y  WRmHT 
and  MOVER 16' 17 f r o m  t h e i r  s tudies  of p a r e n t a l  inf luences  
on  t he  L D H  isozymes in  va r ious  h y b r i d  frogs. 

C h r o m o s o  m a l  V a r i a t i o n  a n d  H e t e r o c h r o m a t i n  P o l y m o r p h i s m s  in  Peromyscus maniculatus 
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Summary. E v i d e n c e  is p r e sen t ed  t h a t  c h r o m o s o m a l  v a r i a t i o n  in .peromyscus resu l t s  f rom 1. a d d i t i o n  of he t e rochro -  
m a t i c  s h o r t  a r m s  to  ac rocen t r i c  chromosomes ,  a n d  2. per icen t r ic  invers ions .  Cons t i t u t i ve  h e t e r o c h r o m a t i n  poly-  
m o r p h i s m s  c o n t r i b u t e  to  v a r i a t i o n  in t he  a m o u n t  of h e t e r o c h r o m a t i n  in  Peromyscus popula t ions .  

C h r o m o s o m e  s tudies  on  Peromyscus h a v e  shown  t h a t  
a l t h o u g h  t he  diploid  c h r o m o s o m e  n u m b e r  is a lways  48, 
t h e  t o t a l  n u m b e r  of c h r o m o s o m e  arms,  or f u n d a m e n t a l  
n u m b e r  (FN) ~, m a y  v a r y  g rea t ly  b o t h  be t w een  a n d  
w i t h i n  d i f fe ren t  subspecies  p o p u l a t i o n s  5-*. Va r i a t i on  in 
t h e  F N  in .peromyscus or ig ina l ly  was  a t t r i b u t e d  to  
pe r icen t r i c  invers ions  5,6. However ,  based  upon  r ecen t  
s tud ies  H s u  ha s  p roposed  t h a t  v a r i a t i o n  in t he  F N  in 
_Peromyscus resul t s  f rom t h e  add i t i on  of h e t e r o c h r o m a t i c  
sho r t  a rms  to  ac rocen t r i c  ch r om os om es  7,9. The  p re sen t  
s t u d y  used bo t t l  G iemsa  b a n d i n g  and  h e t e r o c h r o m a t i n  
s t a in ing  t echn iques  to  d e t e r m i n e  t h e  basis  for  v a r i a t i o n  
in b o t h  t he  F N  a n d  t h e  a m o u n t  of h e t e r o c h r o m a t i n  
w i t h i n  a p o p u l a t i o n  of .peromyscus maniculatus. 

Materials and methods. All Peromyscus maniculatus ssp. 
nebrascensis were t r a p p e d  w i t h i n  12 miles of Laramie ,  
W y o m i n g .  An ima l s  were colchic inized 2 h p r io r  to  
sacrifice. Bone  m a r r o w  was f lushed f rom t he  f emur  a n d  
t ib ia ,  i n c u b a t e d  20 ra in  in 0.075 M I~C1 a t  37~ a n d  
fixed 45 m i n  in 3 :1  me thano l -g l ac i a l  acet ic  acid. Cells 
were p laced  on to  cold, w e t  slides and  a i r  dried.  Chromo-  
somes were s t a ined  w i t h  a u rea  Giemsa  b a n d i n g  t ech-  
n ique  10, p h o t o g r a p h e d  a n d  des ta ined .  C ons t i t u t i ve  he t -  
e r o c h r o m a t i n  was iden t i f i ed  in t h e  same  cells f rom 10 
ind iv idua l s  b y  t h e  C-band ing  t e c h n i q u e  11. Homologous  

ch romosomes  were ident i f ied  b y  t h e  Giemsa  b a n d i n g  p a t -  
t e r n  of t h e i r  long arms.  Chromosomes  were classified 
accord ing  to  t he  Giemsa  b a n d i n g  p a t t e r n  descr ibed for 
.P. m. nebrascensis 1~. 

Results and discussion. The  diploid  c h r o m o s o m e  n u m -  
ber  in  .peromyscus maniculatus nebrascensis was 48 and  
t he  F N  var i ed  f rom 86 to 89 in 10 ind iv idua l s  s tud ied  
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