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Types and frequencies of multivalent associations and ehiasma frequency at diakinesis in the parent, S 1 and S 2 plants 

Plant Association of Trivalents Bivalents Univalents Chiasma frequency Total 
5 4 Ring Rod Mean Variance No. of 
chromosomes chromosomes cells 

*8 11 13 18 6 17 4 
Parent 
interchange 
trisomic 34 2 12 6 10 8 28 408 120 18 12.68 0.7375 100 
s 1 126 3 6 9 6 534 213 33 12.40 0.6845 150 
s~ 80 6 24 40 612 128 130 12.32 0.6577 150 

* Numbers refer to the types of configurations given by Sybenga ~. 

ch romosomes  besides 5 b iva len ts ;  18% showed a ring of 
4 or chain  of 4 and  a un iva len t  (figure a). In  add i t ion  to  
t he  d i f ferent  t ypes  of conf igura t ions  observed,  a few 
o thers  occurred which  were the  consequence  of the  
presence  of in ters t i t ia l  ch i a sma ta  and  pa i r ing  ini t iat ion.  
F r o m  the  d a t a  of the  conf igura t ions  a t  diakinesis,  i t  is 
possible to assess preferen t ia l  pair ing,  if present .  1 t y p e  
of associat ion resul t ing f rom preferent ia l  pai r ing is a 
t r i va l en t  wi th  a r ing b iva len t  (figure b). The f requency  of 
th is  conf igura t ion  is v e r y  low (3.7%) indica t ing  t h a t  
preferent ia l  pai r ing is prac t ica l ly  absen t  in th is  mater ia l .  
The  or ien ta t ion  of t he  mul t ip le  associat ions a t  me taphase  I 
was  s tudied.  The associa t ion of 5 was a l t e rna te  in 18% 
of the  cases, ad j acen t  in 24% and l inear in 10%. Associa- 
t ion  of 4 chromosomes  was a l t e rna te  in 4%, ad jacen t  in 
14% of the  cells. A m o n g  the  t r ivalents ,  ad j acen t  or ienta-  
t ion was observed  in 18%, l inear in 12% and a l te rna te  
in 2% of the  cells. A t  anaphase  I the  d i s t r ibu t ion  of 
ch romosomes  was 7-8. In  2% of the  cells, 1 lagging 
ch romosome  was observed.  The second division was 
normal .  The 2 in te rchange  t r isomics were selfed and the i r  
s 1 and  s~ progenies  were raised. A compara t ive  s t u d y  
of the  cy to logy  of the  s 1 and s, and the  pa ren ta l  in ter-  
change  t r isomics  was a t t e m p t e d  wi th  a view to assess the  
effect  of inbreeding  on the  types  of mult iple  associat ions 

and the  mean  ch iasma f requency.  The following features  
are observed  (table):  in t he  pa ren t s ,  t he  b iva len t  fre- 
quency  was low when  compared  to the  s 1 and  s 2 genera-  
t ions.  This  migh t  be due to  the  h igher  ch iasma frequencies 
in the  paren t .  This difference is s ignif icant  a t  the  5% 
level. 
In  the  pa ren t ,  mu l t i va l en t  associat ions showing h igher  
ch iasma n u mb er s  were observed,  whereas  in the  s 1 and s 2 
genera t ions  the  associat ions of 5 or 4 chromosomes  were 
p r e d o m i n a n t l y  of chain types .  In  the  sl and s 2 generat ions,  
the  o r ien ta t ion  of the  mul t ip le  associat ions a t  me taphase  I 
was ad j acen t  or linear, a l t e rna te  or ien ta t ion  being 
observed  in 4% of the  cells only  in s 1. The pollen fer t i l i ty  
in the  paren ts ,  s~ and  s 2 was 58, 42 and 38% respect ively.  
Inb reed ing  leads to reduced  ch iasma f requency  and  
occurrence of meiot ic  abnormal i t ies .  This effect  has  been  
previous ly  repor ted  for Pennisetum typhoides ~,8. In  the  
p resen t  s tudy ,  inbreeding for 1 and 2 genera t ions  has 
p roduced  a s ignif icant  difference in the  mean  ch iasma 
frequencies,  and a change in t he  types  and  frequencies  
of mul t ip le  associations.  

8 V. Manga and J. V. Pantulu, Proc. Ind. Acad. Sci, Sec. B LXXX,  
105 (1974). 

B i o c h e m i c a l  v a r i a t i o n  in  the  Rana esculenta  c o m p l e x :  
A n e w  h y b r i d  f o r m  r e l a t e d  to  Rana perez i  an d  Rana ridibunda 
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Insti tut  de Zoologie et d'Ecologie animale de l' Universitd de Lausanne, place du Tunnel  79, CH-1005  Lausanne 
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Summary .  Inves t iga t ions  of the  green frogs f rom wes te rn  Europe  for e lec t rophore t ic  var ia t ions  a t  4 enzyme loci 
d e m o n s t r a t e d  a new form which  m u s t  be considered as a h y b r i d  be tween  Rana ridibunda and  R. perezi. Biochemical  
evidence suppor t s  the  hypo thes i s  t h a t  i ts  r eproduc t ion  is hybr idogene t ic ,  as it  is for R. esculenta. 

The  c o m m o n  European  green frog, Rana esculenta 
Linnaeus  1758, has been  shown to resul t  f rom na tu ra l  
hyb r id i za t ion  be tween  Rana ridibunda Pallas 1771 and  
R a n a  lessonae Camerano  18821-s. Breeding exper iments ,  
as well as morphologica l  and  genet ic  evidence,  indica te  
t h a t  l i t t le  or no in t rogress ion  occurs be tween  the  2 
species 3, 5-7. Fu r the rmore ,  t h e y  suggest  t h a t  R. esculenta,  
r ep roduc t ive ly  speaking,  is v i r tua l ly  a 1R. r id ibunda.  As 
a m a t t e r  of fact,  the  cross r id ibunda  • esculenta  produces  
exclus ively  r i d ibunda  offsprings,  while the  cross escu- 

1 L. Berger, Acta zool. cracov. 12, 123 (1967). 
2 L. Berger, Acta zoot. cracov. 13, 301 (1968). 
3 R. Guenther, Biol. Zbl. 89, 327 (1970). 
4 H . J .  Blankenhorn, H. Heusser and P. Vogel, Revue suisse 

Zool. 78, 1242 (1971). 
5 H.G. Tunner, Z. zool. Syst. Evolutionsforsch. 11, 219 (1973). 
6 H.G. Tunner, Z. zool. Syst. Evolutionsforseh. 12,309 (1974). 
7 T. Uzzel and L. Berger, Proc. Aead. nat. Sci. Philad. 127, 13 

(1975). 
8 P. Vogel and P. S. Chen, Experientia 32, 304 (1976). 
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l e n t a  •  p r o d u c e s  o n l y  e s c u l e n t a  o f f s p r i n g s .  
R e s u l t s  of  t h e  c r o s s  e s c u l e n t a  •  w h e n  n o t  
l e t h a l ,  a r e  e s s e n t i a l l y  of  t h e  r i d i b u n d a  t y p e  2, 5, s. O n  t h i s  
bas i s ,  T u n n e r  6 f o r m u l a t e d  t h e  h y p o t h e s i s  t h a t  t h e  re-  
p r o d u c t i o n  of  R .  e s c u l e n t a  w a s  h y b r i d o g e n e t i c ,  w h i c h  
m e a n s  t h a t  d u r i n g  t h e  g a m e t o g e n e s i s  of  t h e  h y b r i d  a s e t  
of  p a r e n t a l  c h r o m o s o m e s  ( n a m e l y  t h e  l e s s o n a e  c h r o m o -  
s o m e s )  is e l i m i n a t e d .  T h i s  h y p o t h e s i s  w a s  s u p p o r t e d  b y  
t h e  e l e c t r o p h o r e t i c  a n a l y s e s  of  L D H  i s o z y m e s  in  m a l e  
a n d  f e m a l e  g e r m  cel ls  of  R .  e s c u l e n t a S .  T h e s e  g e r m  cel ls  
e x h i b i t e d  o n l y  t h e  a l l o z y m e  i n h e r i t e d  f r o m  r i d i b u n d a ,  
s u g g e s t i n g  t h a t  t h e  l a s s o n a e  g e n o m e  h a d  b e e n  d i s c a r d e d  
f r o m  t h e m .  

O u r  e l e c t o p h o r e t i c  s t u d i e s  on  g r e e n  f r o g s  w e r e  i n i t i a t e d  
in  o r d e r  to  c l a r i f y  t h e  s y s t e m a t i c  s t a t u s  of  t h e  spec i e s  
o r  s u b s p e c i e s  R a n a  r id ibunda perezi S e o a n e  1885, oc-  
c u r r i n g  in S p a i n  a n d  s o u t h w e s t e r n  F r a n c e .  D u r i n g  t h e s e  
s t u d i e s ,  we  d i s c o v e r e d  in  s o u t h e r n  F r a n c e  a p o p u l a t i o n  
of  g r e e n  f rogs ,  w h i c h ,  l ike  R .  e s c u l e n t a ,  h a v e  a l l  t h e  
f e a t u r e s  of  h y b r i d s .  H o w e v e r ,  w h i l e  R .  e s c u l e n t a  is a 
h y b r i d  b e t w e e n  R.  r i d i b u n d a  a n d  R.  l e s sonae ,  t h i s  ' n e w '  
t y p e  m u s t  h a v e  r e s u l t e d  f r o m  h y b r i d i z a t i o n  b e t w e e n  
R .  r i d i b u n d a  a n d  R .  pe rez i ,  a s  wi l l  be  s h o w n  in  t h e  p r e s e n t  
p a p e r .  (Fo r  c o n v e n i e n c e ,  we  h a v e  a d o p t e d  t h e  n o m e n -  
c l a t u r e  u s e d  b y  H o t z  9, w h o  a d m i t s  t h e  spec i f i c  s t a t u s  
of  R a n a  p e r e z i  S e o a n e  1885.) 

Mater ials  and methods. F r o g s  w e r e  c o l l e c t e d  f r o m  t h e  
f o l l o w i n g l o c a l i t i e s :  R a n a  pe r ez i  : B a n y u l s - s u r - m e r  ( F r a n c e ,  
D @ .  P y r 6 n 6 e s - o r i e n t a l e s ) .  R a n a  r i d i b u n d a  • pe rez i :  G o u -  
d a r g u e s  ( F r a n c e ,  D6p .  G a r d ) .  R a n a  r i d i b u n d a ,  R a n a  
e s c u l e n t a  a n d  R a n a  l e s s o n a e :  V i c i n i t y  of  L a u s a n n e  
( S w i t z e r l a n d )  ( f igure  1). 
S k e l e t a l  m u s c l e  a n d  h e a r t  we re  r e m o v e d  f r o m  f r e s h l y  
k i l l ed  f r o g s  a n d  h o m o g e n i z e d  in  5 v o l u m e s  of 0.1 ~M 
T r i s - H C 1  ( p H  8.0), t h e n  c e n t r i f u g e d  a t  18,000 •  
S u p e r n a t a n t  f r a c t i o n s  w e r e  s u b j e c t e d  to  v e r t i c a l  s t a r c h  
ge l  e l e c t r o p h o r e s i s ,  u s i n g  a d i s c o n t i n u o u s  b u f f e r  s y s t e m  
(Poul ik )  l~ E l e c t r o p h o r e s i s  w a s  c o n d u c t e d  a t  12 V / c m  
for  5 h .  Al l  p r e p a r a t i o n s  we re  d o n e  a t  4 ~ 
Gel  s l i ces  we re  s t a i n e d  for  l a c t a t e  d e h y d r o g e n a s e  ( L D H )  10, 
a s p a r t a t e  a m i n o t r a n s f e r a s e  (AAT)10  a n d  c r e a t i n e  k i n a s e  
(CK)11. M a s s e s  of  o o c y t e s  ( a b o u t  100 rag) f r o m  o v a r i e s  
of  a d u l t  f e m a l e s  we re  p r e p a r e d  in  t h e  s a m e  w a y  a n d  were  
a n a l y z e d  e l e c t r o p h o r e t i c a l l y  for  t h e  i s o e n z y m e s  of L D H  
a n d  A A T .  T h e s e  z y m o g r a m s  w e r e  t h e n  c o m p a r e d  w i t h  
t h o s e  o b t a i n e d  f r o m  s o m a t i c  t i s s u e s  of  t h e  s a m e  i n d i v i d -  
ua l s .  

9 H. Hotz, Natur Mus. 704, 262 (1974). 
10 R. K. Selander, M. H. Smith, S. Y. Yang, W. E. Johnson and 

J. B. Gentry, Studies in Genetics VI. Univ. Texas Publ. 7103, 
49 (1971). 

11 G.J .  Brewer, An Introduction to Isozyme Techniques. Academic 
Press, New York 1970. 

Table 1. Enzyme phenotypes of the green frogs which were analyzed in this study. The alleles detected at each locus were named according 
to the relative mobility of their allozymes 

Species N LDH-B CK AAT-1 AAT-2 
100 91 86 75 71 100 97 85 147 100 26 100 -21 

R. perezi 2 I1 II II II 
1 I I II II II 
3 I1 II II II 

R. r idibunda • perezi 6 I I I I I I I I 

R. ridibunda 2 II II II II 
2 I I II II II 
1 I I II 1 I II 
1 II II I I II 
1 I I II II II 

R. esculenta 3 I I I I I I I I 
2 I I II I I I I 
8 I I I I I I I I 
2 I I II I I I I 

R. lessonae 11 II I I II II 
1 I I I I II II 
4 II II II II 
2 II II II II 

Homozygosity for an allele is indicated by the presence of a double bar in the corresponding column. N Number of individuals with identical 
phenotypes. 

Table 2. Comparison of enzyme phenotypes in somatic tissues and oocytes I of heterozygous females 

Species N LDH-B AAT-1 AAT-2 
100 91 86 75 71 147 100 26 100 -21 

R. r idibunda 2 Soma I I II II 
Oocytes I I II II 

1 Soma I I I I II 
Ooeytes I I I I II 

5 Soma I I I I II 
Oocytes II II II 

2 Soma I I I I I I 
Oocytes II II II 

1 Soma I I I I I I 
Oocytes II II II 

R. ridibtmda • perezi 

R. esculenta 

For further details see above (table 1). 
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Results.  1. E n z y m e  p h e n o t y p e s  in somat i c  t i ssues  ( table  1). 
L D H  (figure 2). The  i soenzymes  resolved are encoded  in 
2 loci, de s igna t ed  A and  BI~. The  A-locus did  no t  show 
a n y  v a r i a t i o n  d e t e c t a b l e  b y  t h e  e lectrophoresis .  T h e  
B-locus  is po lymorph ic .  R. perezi,  R. r i d i b u n d a  an d  
R. lessonae c lear ly  differ  f rom one a n o t h e r  b y  t h e i r  
m a j o r  alleles;  mos t  ind iv idua l s  were homozygous .  On 
the  con t r a ry ,  all  i nd iv idua l s  of IR. e scu len ta  an d  R. 
r i d i b u n d a  •  were he te rozygous ,  t h e  fo rmer  posses- 
s ing a t yp i ca l  lessonae-al lele  and  a r id ibunda-a l le le ,  
whereas  t he  l a t t e r  ha s  a t yp i ca l  perezi  a n d  a r i d i b u n d a -  
allele. 
CK. Crea t ine  k inase  is a mu t i locus  e n z y m e  sys t em like 
L D H  1~. However ,  we worked  w i t h  t h e  'musc le  enzyme '  
only, wh ich  is encoded  in a single locus. H o m o z y g o u s  
ind iv idua l s  e x h i b i t  a single b a n d  on zymograms ,  while  
he t e rozygous  ind iv idua l s  h a v e  a 3 - b a n d e d  p h e n o t y p e  due  
to  t h e  d imer ic  s t r u c t u r e  of t he  e n z y m e  I4. R. perezi  a n d  
R. r i d i b u n d a  are  b o t h  m o n o m o r p h i c  a t  t h i s  locus, b u t  
differ  f rom one ano the r .  All ind iv idua l s  of R. r i d i b u n d a  • 

Fig. 1. Geographical situation of the populations of green frogs which 
were examined in this study. 1. Switzerland: Vicinity of Lausanne. 
2. France : Goudargues. 3. France : Banyuls-sur-mer. The dashed line 
indicates the northern limit of the range of Rana perezi. 
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perezi  were he te rozygous  for t h e  r i d i b u n d a  a n d  the  perezi-  
allele. R. lessonae is po lymorph ic ,  an d  shares  one of i ts  
alleles (CK sS) w i t h  R. r i d ibunda .  Therefore  t h e  s i t ua t i on  
is n o t  as c lea rcu t  in t h e  h y b r i d  R. esculenta ,  where  
he t e rozygous  a n d  h o m o z y g o u s  ind iv idua l s  are observed .  
AAT. 2 loci were found  to be ac t ive  in hea r t .  A t  t he  
AAT-1 locus 3 alleles h a v e  been  de tec ted .  All  i nd iv idua l s  
of R. e scu len ta  an d  R. r i d i b u n d a  •  were he te ro-  
zygous, e x h i b i t i n g  a 3 -banded  p h e n o t y p e .  A t  t h e  AAT-2-  
locus 2 alleles h a v e  been  de tec ted .  One of t h e m  (AAT- 
2+100) was found  in b o t h  R. r i d i b u n d a  an d  R. perezi,  
t h e  o t h e r  be ing  specific to  R. lessonae.  All  ind iv idua l s  
of R. e scu len ta  were he t e rozygous  (3-banded  pheno type ) .  
2. E n z y m e  p h e n o t y p e s  in oocytes  ( table  2). The  p a t t e r n s  
of L D H - B ,  AAT-1 an d  AAT-2  found  in oocytes  I f rom 
females  of R. r i d i b u n d a  were iden t ica l  to  those  ob t a ined  
f rom t h e i r  somat i c  t issues.  In  con t ras t ,  t h e  p h e n o t y p e s  
found  in oocy tes  I f rom h y b r i d  females  (R. esculenta ,  as 
well  as R. r i d i b u n d a  • perezi) exh ib i t ed  on ly  t h e  r i d i b u n d a -  
t y p e  a l lozymes.  We  m a y  t h u s  assume t h a t  on ly  the  
r i d i b u n d a  alleles were ac t ive  in t h e  oocytes  of t h e  2 
h y b r i d  forms. 
Discussion.  1. Concern ing  t h e  R a n a  escu len ta  complex  
sensu s t r ic to ,  our  resu l t s  are in  a g r e e m e n t  w i th  those  
r epo r t ed  b y  Uzzel  an d  Berge rL  All ind iv idua l s  of R. 
e scu len ta  were he t e rozygous  for L D H - B ,  AAT-1 and  
AAT-2.  A t  each  of these  loci, we could de t ec t  b o t h  a 
t yp i ca l  r i d i b u n d a  an d  a t yp i ca l  lessonae-allele.  A t  
t h e  CK-locus,  our  resu l t s  differ  f rom Uzzel  an d  Berger ' s  
da ta .  E a s t  E u r o p e a n  p o p u l a t i o n s  of R. lessonae a n d  
R. e scu len ta  s tud ied  b y  these  i nves t iga to r s  were mono-  
mo rp h i c  a n d  e l ec t rophore t i ca l ly  iden t ica l  a t  t he  CK- 
locus. I n  our  mate r ia l ,  however ,  p o l y m o r p h i s m  is re- 
corded.  T h e  C K - p o l y m o r p h i s m  of R. lessonae a p p a r e n t l y  
involves  t h e  same p o t y m o r p h i s m  in R. esculenta .  This  
is of i n t e r e s t  as i t  is c o n s i s t e n t  w i th  t h e  hypo thes i s  
t h a t  the  l a t t e r  needs  t h e  fo rmer  for i ts  r eproduc t ion .  
T u n n e r ' s  hypo thes i s  6 of a h y b r i d o g en e t i c  mode  of repro-  
duc t ion  of 1R. escu len ta  is we l l - suppor ted  b y  our  observa-  
t ions  on e n z y m e  p h e n o t y p e s  in oocytes  I as opposed to 
somat i c  t issues.  F u r t h e r m o r e ,  t h e  enzyme  p h e n o t y p e s  
obse rved  in oocytes  I sugges t  a p reme io t i c  exclusion of 
t h e  tessonae genome,  as oocytes  I st i l l  possess a doub le  
se t  of chromosomes .  Such a p h e n o m e n o n  has  been  r epo r t ed  
in all female  h y b r i d  fishes of t h e  genus  Poecil iopsis  b y  
Cimino 15. 
2. E n z y m e  p h e n o t y p e s  of R a n a  r i d i b u n d a  •  are 
s t r ik ing ly  s imi lar  to  those  of R. e scu len ta  b o t h  w i t h  
respec t  to  the  h igh  incidence  of he t e rozygos i ty  and  to  
t h e  dif ference of e n z y m e  p h e n o t y p e s  in oocytes  I as 
opposed  to soma t i c  t issues.  I t  t h u s  appea r s  ve ry  l ikely 
t h a t  R. r i d i b u n d a  •  is a h y b r i d  w i t h  a s imilar  
mode  of r ep roduc t ion  as R. esculenta .  
3. The  occur rence  of R. r i d i b u n d a  •  has  some 
bea r ing  on  the  sys t ema t i c  s t a t u s  of R. perezi.  If  ou r  
a s s u m p t i o n  on t h e  or igin of R. r i d i b u n d a  •  a n d  
i ts  mode  of r ep ro d u c t i o n  is correct ,  R a n a  r i d i b u n d a  
Pal las  1771 a n d  R a n a  perezi  Seoane  1885 m u s t  be con-  
s idered as 2 d i s t i nc t  species. I n  fact ,  e lec t rophore t ic  
ana lyses  of a lbumin l~  a n d  o t h e r  p ro t e in s  (Graf, u n p u b -  
l ished) also show t h a t  these  2 ' fo rms '  are gene t ica l ly  
v e r y  dif ferent .  

71/100 } rid. • 
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Fig. 2. Starch gel electrophoresis of supernatant fractions of heart 
homogenates. Specific staining for LDH activity. 0 Origin. 
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