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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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Chromosome constitution of 10 Peromyscus maniculatus nebrascensis for chromosome pairs showing structural or heterochromatin polymor- 
phisms 

Animal Sex 2n Number of FN Number of hetero- 
Number biarmed chromatic 

chromosomes short arms 

Polymorphie chromosomes 

6 7 8 9 10 12 13 16 18 X 

L421 ~ 48 38 86 10 b/A B/A b/b A/A B/B B/B B/B B/B B/b b 
L194 ~ 48 38 86 11 b/b A/A B/B A/A B/B B/B B/B B/B B/b b 
L407 ~ 48 39 87 10 b/b A/A b/b B/A B/B B/B B/B B/B B/b b 
L428 ~ 48 39 87 11 b/A B/b b/b B/A B / B  B/B B/B B/B B/b b/A 
L196 ~ 48 40 88 10 b/b b/b b/b B/A B/B B/B B/B B/B B/b A 
L415 $ 4S 40 88 10 b/b B/B b/b A/A B/B B/B BIB BIB b/b b 
L195 6 48 41 89 10 b/b b/b b/b B/B B/b B/B B/B B/B B/b A 
L422 ~ 48 4 1  89 10 b/b B/B b/b B/A b/b B/B B/B B/B B/b b 
L193 ~ 48 41 89 10 b/A B/B b/b A]A B/B B/B B/B B/B b/b b 
L427 $ 48 41 89 11 b/b B/B b/b B/A BIB B/B B/B B/B b/b b/b 

A, acrocentric chromosome; ]3, biarmed chromosome with heterochromatic short arm; b, biarmed chromosome with euchromatic short arm. 

Giemsa banding and C-banding patterns of polymorphic chromosomes 
in Peromyscus mc~niculatus nebrascensis, a) Chromosome 7 from 
L193 and L194; b) chromosome 9 from L196 and L194; c) chromo- 
some 6 from L42l and L193; d) chromosome 8 from L194 and L193; 
e) chromosome 10 from L421 and L422; f) chromosome 18 from L195 
and L194. • 3000 . For a further explanation of the figure see the 
text and Table. 

(Table). Au tosome  pairs  6, 7, and  9 and  the  X - c h r o m o -  
somes were  po lymorph ic  in th is  popula t ion .  The sub- 
me tacen t r i c  and  acrocentr ic  forms of ch romosome 7 and 
ch romosome  9 had  ident ical  Giemsa band ing  p a t t e r n s  in 
the i r  long a rms ;  t he  shor t  a rm of the  submetacen t r i c  
forms of ch romosome  7 (Figure a) and  ch romosome  9 
(Figure b) were he te rochromat ic .  These observa t ions  
provide  di rect  suppor t  for H s u ' s  hypo thes i s  t h a t  karyo-  
typic  changes  can occur in Peromyscus by  the  add i t ion  
of he t e roch roma t i c  shor t  a rms  to acrocentr ic  chromo-  
somes.  However ,  the  sho r t  a rm of the  submetacen t r i c  
form of ch romosome  6 lacked h e t e ro ch ro ma t i n  (Figure c), 
and  has been  ident i f ied on the  basis of its Giemsa band ing  
p a t t e r n  as a per icentr ic  inversionl~, 13. An X-chromo- 
some per icent r ie  invers ion has  also been descr ibed in th is  
population12, la. Thus,  var ia t ion  in t he  F N  in th is  popula-  
t ion  is a t t r i bu t ab le  to  two d i f ferent  mechan i sms :  1. ad- 
di t ion of he t e roch roma t i c  shor t  a rms to  acrocentr ic  auto-  
some pairs  7 and  9, and  2. pericentric inversions in 
ch romosome  6 and  the  X-ch romosome .  

This  popu la t ion  was homozygous  for b ia rmed  auto-  
some pairs  12, 13 and  16 which  h a d  he t e roch roma t i c  
shor t  a rms (Table). Po lymorph ic  au tosome  9 a lways had  
a he t e roch roma t i c  shor t  a rm wheneve r  it was submeta -  
centr ic  (Figure b). The ch romosome  9 p o l y m o r p h i s m  m a y  
be a t r ans i en t  p o l y m o r p h i s m  as t he  acrocentr ic  chromo-  
some 9 is replaced by  i ts  submetacen t r i c  form. 

The a m o u n t  of h e t e ro ch ro ma t i n  var ied  f rom individual  
to  indiv idual  in th is  popu la t ion  (Table). I f  submetacen t r i c  
au tosomes  arise in Peromyscus only t h r o u g h  the  addi t ion  
of he t e roch roma t i c  shor t  a rms to  acrocentr ic  chromo-  
somes, t h e n  the  n u m b e r  of he t e roch roma t i c  sho r t  a rms 
should be equal  to the  n u m b e r  of b i a rmed  au tosomes  for 
each individual .  This was no t  observed.  Fo r  example ,  
b o t h  L421 and  L194 had  an F N  of 86 bu t  had  10 and 11 
he t e roch roma t i c  sho r t  arms,  respec t ive ly  (Table). The 
lack of a d i rect  correla t ion be tween  the  n u m b e r  of he te ro-  
chromat ic  shor t  a rms and the  n u m b e r  of b i a rmed  auto-  
somes indicates  t h a t  o the r  fac tors  con t r ibu te  to var ia t ion  
in the  a m o u n t  of h e t e r o c h r o m a t i n  in th is  populat ion.  

The b ia rmed  au tosome pairs  7, 8, 10 and  18 exh ib i t ed  
cons t i tu t ive  h e t e r o c h r o m a t i n  po lymorph i sms .  L194 was 
homozygous  for a subme tacen t r i c  ch romosome  8 w i t h  
he t e roch roma t i c  shor t  arms,  while in the  o the r  9 indi-  
v iduals  ch romosome  8 was submetacen t r i c  and  had  

la j .  D. ~URRAu and R. M. KITCI~IN, in preparation. 



15. 3. 1976 Specialia 309 

e u c h r o m a t i c  sho r t  a rms  (Figure d). 8 Peromyscus were  
h o m o z y g o u s  for a b i a r m e d  pa i r  10 w i t h  h e t e r o c h r o m a t i c  
sho r t  arms,  L422 was h o m o z y g o u s  for  a b i a r m e d  pa i r  10 
w i t h  e u c h r o m a t i c  sho r t  a rms  (Figure e), a n d  L195 was 
he te rozygous .  3 ind iv idua l s  were h o m o z y g o u s  for a 
b i a r m e d  pa i r  18 w i t h  e u c h r o m a t i c  sho r t  a rms  a n d  3 in- 
d iv idua l s  were he te rozygous  a n d  h a d  1 c h r o m o s o m e  18 
w i t h  a h e t e r o c h r o m a t i c  s h o r t  a r m  (Figure f). The  s t ruc-  
t u r a l l y  po lymorph i c  a u t o s o m e  7 was he t e rozygous  for a 
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  in L428 b u t  h a d  euchro-  
m a t i c  sho r t  a rms  in L195 a n d  L196. 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  could arise e i the r  b y  s a l t a t o r y  rep l ica t ion  
in t he  sho r t  a r m  of a s u b m e t a c e n t r i c  c h r o m o s o m e  or b y  
a t r a n s l o c a t i o n  b e t w e e n  t he  sho r t  a r m  of a s u b m e t a -  

cen t r i c  a n d  t he  h e t e r o c h r o m a t i c  s h o r t  a r m  of a n o t h e r  
chromosome.  The re  was no  ev idence  of t r a n s l o c a t i o n  
pa i r ing  conf igura t ions  du r ing  spe rmatogenes i s  in  a n y  
ind iv idua l  s tudied .  

The  p r e sen t  s t u d y  d e m o n s t r a t e s  t h a t  v a r i a t i o n  in t h e  
F N  in Peromyscus resu l t s  f rom b o t h  t he  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 romosomes  
a n d  per icen t r i c  invers ions .  The  a m o u n t  of he t e roch ro -  
m a t i n  va r i ed  w i t h i n  th i s  p o p u l a t i o n  due  to  changes  in 
t h e  n u m b e r  of b i a r m e d  ch romosomes  p r e sen t  in  t h e  
k a r y o t y p e  a n d  c o n s t i t u t i v e  h e t e r o c h r o m a t i n  po lymor -  
ph i sms .  The  e v o l u t i o n a r y  s ignif icance of v a r i a t i o n  in  t h e  
f u n d a m e n t a l  n u m b e r  a n d  a m o u n t  of h e t e r o c h r o m a t i n  in  
Peromyscus is u n k n o w n .  

F r e q u e n c y - D e p e n d e n t  Mat ing  Success  A m o n g  Mutant  Ebony  of D r o s o p h i l a  m e l a n o g a s t e r  1 

L. E. DE MAOALH~ES and  MARIA A. Q. I~ODRIGUES PEREIRA 

Departamento de Biologia, Instituto de Biociencias, Universidade de Sao Paulo, Caixa Postal 7 7.461, Sao Paulo (Brazil), 
23 December 1974. 

Summary. M e a s u r e m e n t s  of t he  m a t i n g  success of wild  a n d  e b o n y  s t r a in s  of D. melanogaster w i t h  d i f fe ren t  degrees of 
c o m p e t i t i o n  h a v e  shown a f r e q u e n c y - d e p e n d e n t  effect  in  b o t h  cases, b u t  w i t h  a nega t i ve  co r r e l a t i on  for  t h e  wild a n d  
a pos i t ive  cor re la t ion  for t he  e b o n y  s t ra in .  

F r e q u e n c y - d e p e n d e n t  m a t i n g  success, m a i n l y  a m o n g  
males  of flies of t he  genus  Drosophila, is a p h e n o m e n o n  
b r o a d l y  d e m o n s t r a t e d  a t  leas t  u n d e r  ce r t a in  e x p e r i m e n t a l  
condi t ions .  The  e x p e r i m e n t s  deve loped  b y  PETIT 2-~ were 
more  r e c e n t l y  fol lowed b y  severa l  o thers  w i t h  d i f fe ren t  
species ~-s. Never the less ,  t he  e x p l a n a t i o n  of such  be-  
h a v i o u r  is n o t  ye t  well  unders tood .  Cer ta in  h y p o t h e s e s  
h a v e  been  a d v a n c e d  b y  SPIESS 9, EHRMAN 10, EHRMAN a n d  
SPIESS 11 in o rder  to  exp la in  t he  e x p e r i m e n t a l  resu l t s  
w i t h o u t  r each ing  genera l  ag reemen t .  

E v e n  w i t h  a n  a p p a r e n t  h o m o g e n i t y  in  t h e  resu l t s  i t  
is possible  t h a t  d i f fe ren t  causes  are o p p e r a t i n g  in differ- 
en t  gene t ica l  cons t i tu t ions .  On t he  o t h e r  h a n d ,  d i f f e ren t  
e x p e r i m e n t a l  designs m a y  m a s k  differences  in  t he  fac tors  
p roduc ing  t he  f r e q u e n c y - d e p e n d e n t  m a t i n g  success. Dif -  
fe ren t  s t r a ins  h a v e  d i f fe ren t  m a t i n g  speeds  wh ich  Call be  
con t ro l led  e i the r  b y  t h e  male,  t h e  female  or  bo th ,  de- 
pend ing  of t h e  s t ra in .  Sexua l  preference  a m o n g  c e r t a i n  
s t r a ins  ha s  been  suspec ted  in some cases. T he  i n t e r a c t i o n  
b e t w e e n  these  c o m p o n e n t s  ha s  n o t  ye t  b e e n  comple t e ly  
s tudied .  The  scope of t h e  p r e s e n t  c o m m u n i c a t i o n  is to  

show a case in wh ich  t h e  m a t i n g  success of males  of t he  
wild geno type  is more  successful  w h e n  rare,  a n d  t he  
o the r  geno type ,  on  t he  con t ra ry ,  is more  successful  w h e n  
more  f requent .  

The  e x p e r i m e n t  was  done w i t h  wild t y p e  and  e b o n y  
m u t a n t  s t r a in s  of Drosophila melanogaster. The  wild t y p e  
s tock  was o b t a i n e d  f rom a m i x t u r e  of 3 d i f fe ren t  s t r a ins :  
Oregon-R,  S a m a r k a n d  and  Can ton-S ,  a n d  m a i n t a i n e d  ill 
l a b o r a t o r y  for a b o u t  3 years  in  large  n u m b e r .  The  e b o n y  
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Table I. Mating success of wild and ebony males of Drosophila 
mdanogester in population cages with different compositions 

Cage Composition of Total number of mating and the 
male population mating success of each genotype in 

5 runs 

Cage + / +  e/e + ] +  e/e 

1 18 2 88 0.98 7 0.70 
2 16 4 80 1.00 14 0.70 
3 14 6 68 0.97 23 0.77 
4 12 8 62 1.03 33 0.82 
5 10 10 52 1.04 41 0.82 
6 8 12 49 1.22 48 0.80 
7 6 14 37 1.23 59 0.84 
8 4 16 26 1.30 69 0.86 
9 2 18 14 1.40 82 0.91 


