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Genetic Variat ion in Constant  E n v i r o n m e n t s  

E. NEv o  ~ 

Department o~ Biology, University o/ Hai]a, Mount Carmel, Hai/a (Israel), 76 December 1975. 

Summary. Allozymic  v a r i a t i o n  in p ro t e ins  encoded  b y  32 gene loci was  ana lyzed  e lec t rophore t i ca l ly  in 64 s p e c i m e n s  
f rom 6 locali t ies r ep r e sen t i ng  2 species of the  spade foo t  t oa ds  Pelobates syriacus a n d  P. cultripes f rom Israel  a nd  P o r t u -  
gal, respect ive ly .  O u t  of t he  32 loci e x a m i n e d ,  Esterase-1 was t he  on ly  locus t h a t  p roved  s t r ong ly  p o l y m o r p h i c  in all 
6 locali t ies an d  in the  2 species.  The  p a t t e r n  of genet ic  va r i a t i on  in Pelobates is bes t  exp la ined  b y  t he  e n v i r o n m e n t a l  
va r i ab i l i t y  model .  Select ion for h o m o z y g o s i t y  as an  a d a p t i v e  s t r a t e g y  s e e ms  to  opera te  in the  re la t ive ly  c o n s t a n t  a n d  
n a r r o w  s u b t e r r a n e a n  niche.  

A m a j o r  p r o b l e m  in e v o l u t i o n a r y  t h e o r y  is t he  r e l a t i ve  
c o n t r i b u t i o n  of de t e rmin i s t i c  a n d  s tochas t i c  processes  in 
t h e  genet ic  s t r u c t u r e  and  d i f fe ren t i a t ion  of popu l a t i ons .  
A corol lary  of th i s  p r o b l e m  is w h e t h e r  p ro t e in  poly-  
morph i s rn s  are a d a p t i v e l y  selected or a d a p t i v e l y  neu-  
t ra l  2. Th e  p r o b l e m  m a y  be a p p r o a c h e d  b y  t e s t i n g  t he  
n i che -v a r i a t i o n  mode l  a. If p ro te in  p o l y m o r p h i s m s  are  
a d a p t i v e l y  selected,  t he  degree of genet ic  v a r i a t i o n  in a 
p o p u l a t i o n  shou ld  be cor re la ted  wi th  an  index  of env i ron-  
m e n t a l  he te rogene i ty ,  co r robo ra t i ng  the  n i c h e - v a r i a t i o n  
model .  Th e  p r e s e n t  s t u d y  is a t e s t  of th i s  h y p o t h e s i s  in 
t he  s u b t e r r a n e a n  spade foo t  toads ,  Pelobates syriacus a nd  
Pelobates cultripes, b o t h  n a r r o w  h a b i t a t  special is ts  4, of 
t he  n a r ro w  u n d e r g r o u n d  niche,  l iv ing  m o s t l y  in a rela-  
t i ve ly  c o n s t a n t  e n v i r o n m e n t .  

Materials and methods. Al lozymic  va r i a t i on  in p ro te ins  
encoded  b y  32 loci was  ana lyzed  e lec t rophore t i ca l ly  in 
64 spec imens  r ep re sen t i ng  2 species s a m p l e d  a t  6 locali t ies 
(Table). All 1971-1973 spec imens  were kep t  a t  - - 8 0 ~  
a n d  processed  in Sep tember ,  1973; t he  r e m a i n d e r  in 
F e b r u a r y ,  1975. Fo r  p rocess ing  of b lood and  t i s sues  a nd  
for full  n a m e s  of p ro t e ins  see N~zvo et  al. 5. S t a n d a r d  gel 
e lec t rophores i s  was  c o n d u c t e d  accord ing  to SELANDER 
e t  alfi. Fol lowing are t h e  a b b r e v i a t i o n s  of t h e  32 loci 
t e s t ed  Mdh-l ,  Mdh-2, aGpd, Ldh-1, Ldh-2, 6Pgd, Gdh, 
Sdh, Adh, Odh, Xdh, Ipo, Fum, Ao, Idh-2, Pgm-l,  Pgm-2, 
Pgm-3, Phi, Got-l, Pept-1, Pept-2, Acph, Aph, Est-1, 
Est-2, Hb, dlb, T/, Hp, Prot-2, Prot-3. Alleles were 
d e s i g n a t e d  a lphabe t i ca l l y  in order  of dec reas ing  m o b i l i t y  
of the i r  a l lozymes.  

Results and discussion. The  resul ts ,  based  p r i m a r i l y  on 
t h e  two p o p u l a t i o n  s amp le s  of P. syriacus f rom D a l t o n  
a n d  t t a d e r a ,  are t r u l y  r emarkab l e .  Of the  32 loci e x a m -  
ined,  29 were m o n o m o r p h i c  in b o t h  p o p u l a t i o n s  a nd  

f ixed for t h e  s a me  allele. The  p o l y m o r p h i c  loci are g iven  
in t he  Table.  Est-1 was  the  on ly  locus t h a t  p roved  s t r o n g l y  
p o l y m o r p h i c  in all 6 locali t ies a nd  in t he  2 species.  T h e  
3 spe c ime ns  of P. cultripes f r o m  P o r t u g a l  p r o v e d  as  
m o n o m o r p h i c  as P. syriacus, ye t  t h e y  d i sp layed  a n  ex-  
t ens ive  a m o u n t  of a l t e r n a t i v e  f ixa t ions .  O u t  of 30 loci 
(Pept-I a n d  Est-2 did n o t  show up  in P. cultriples) 15 loci 
were f ixed for a l t e r n a t i v e  alleles (Mdh-lb, Ldh-lb, Ldh-2~, 
6 Pgd b, Pgm- I b, Pgm-2 b, Pgm-3 b, Pept-2b, Ipo b, Got- I a, Odh b, 
Xdh ~, Acph b, Adh b, Apha). The  genet ic  d i s t ance  b e t w e e n  
b o t h  p o p u l a t i o n s  of P. syriacus a nd  the  s a mp le  of P .  
cultripes, der ived  a f t e r  NEI ~, was  I = 0.54, i nd i ca t i ng  
ear ly  sepa ra t ion .  B y  con t ra s t ,  t h e  genet ic  d i s t ance  be- 
t w e e n  t h e  tw o  p o p u l a t i o n s  of P. syriacus, D a l t o n  a n d  
H a de ra ,  s e p a r a t e d  b y  90 km,  was  I = 0.97. Genet ic  

e s t i m a t e s  of m e a n  alleles per  locus, A, m e a n  p ropo r t i on  

of loci p o l y m o r p h i c  per  p o p u l a t i o n ,  ~ ,  (1% cr i ter ion of 
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Allele frequencies at the polymorphic loci of Pelobates syriacus and Pelobates cultripes ~ 

Locus Allele 

Israel 
Pelobates syriac.us 

Portugal 
P elobates cultripes 

Localities Dalton Hadera Wasit Nesher Holon Porto de Mos 

Collecting April '71 January '75 April '73 January '75 January '75 March '71 
Date 
(N = ) (31) (25) (1) (3) (1) (3) 

Idh-2 a 1.00 0.94 1.00 1.00 1.00 1.00 
b -- 0.06 . . . .  

Est-1 a 0.48 0.48 0.50 0.50 0.50 -- 
b 0.52 0.52 0.50 0.50 0.50 0.83 
c . . . . .  0.17 

Est-2 a 0.90 L00 0.50 1.00 1.00 ? 
b 0.10 -- 0.50 -- -- 

~All other 29 loci mentioned in the text were monomorphic, but 15 loci were alternatively fixed in P. cultripes as compared with P. syriacus. 
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po lymorph i sm)  a n d  m e a n  p r o p o r t i o n  of loci he t e rozygous  

pe r  ind iv idua l ,  H,  for D a l t o n  a n d  H a d e r a  popu l a t i ons  

r e spec t ive ly  were:  ~ = 1.06, 1.06; P = 0.062, 0.062; 

= 0.021, 0,028. Mean  /~r for P. syriacus was 0.024. 
He t e rozygos i t y  in  P. cultripes, b a s e d  on  t h e  3 spec imens  
ana lyzed ,  was 0.011. 

The  p a t t e r n  of genet ic  v a r i a t i o n  in Pelobales is bes t  
exp la ined  b y  t h e  e n v i r o n m e n t a l  v a r i a b i l i t y  model .  Selec- 
t i on  for h o m o z y g o s i t y  as an  a d a p t i v e  s t r a t e g y  seems to  
ope ra te  in  t he  r e l a t ive ly  n a r r o w  a n d  c o n s t a n t  s u b t e r r a -  
n e a n  n iche  s, s, 9. LEVlNS' 10 t h e o r y  of f i tness  suggests  t h a t  
t he  a m o u n t  of genet ic  v a r i a t i o n  is a d a p t e d  to  env i ron-  
m e n t a l  h e t e r o g e n e i t y  and  u n c e r t a i n t y .  Therefore ,  h o m o -  
zygous p a t t e r n s  are expec ted  to  be  a d a p t i v e l y  selected in 
species occupy ing  re l a t ive ly  n a r r o w  and  c o n s t a n t  niches,  
as is also p o s t u l a t e d  b y  t he  n i c h e - v a r i a t i o n  model  ~. The  
s u b t e r r a n e a n  n iche  is ecological ly nar rower ,  more  con-  
s t a n t  and  p red i c t ab l e  t h a n  surface  e n v i r o n m e n t s  in t e r m s  
of a n n u a l  and  da i ly  f l uc tua t ions  of t e m p e r a t u r e  and  
re la t ive  h u m i d i t y  11. 

The  e v o l u t i o n a r y  h i s t o r y  of t he  pe loba t id s  is v e r y  long, 
d a t i n g  b a c k  to  Cre taceous  t i m e s  12, a n d  t h a t  of t he  m o d e r n  
species of Pelobates to  t h e  Miocene  13. T h r o u g h o u t  i ts  
long h i s to ry  Pelobates evo lved  b u r r o w i n g  h a b i t s  t h a t  
m a d e  i t  a n a r r o w  h a b i t a t  special is t  l iv ing in a r e l a t i ve ly  
c o n s t a n t  and  h i g h l y  p red i c t ab l e  u n d e r g r o u n d  env i ron-  
m e n t ,  and  t h u s  in su la t ed  f rom sho r t  t e r m  e n v i r o n m e n t a l  
p e r t u r b a t i o n s .  I n  Israel ,  a d u l t  spadefoo ts  are m a i n l y  
seen above  g r o u n d  a t  n i g h t  d u r i n g  t he  sho r t  w in t e r  
b r eed ing  season, spend ing  t he  g rea te r  p a r t  of t h e i r  
exis tence,  d u r i n g  t he  d l y  a n d  h o t  summer ,  u n d e r g r o u n d  
(NEVO, unpub l i shed) .  S ign i f i can t ly  lower genet ic  va r i a -  
t i on  was found  in Pelobates w h e n  c o m p a r e d  to t he  h a b i t a t  
i n t e r m e d i a t e  species Rana ridibunda and  Hyla arbores, 
a n d  t he  h a b i t a t  genera l i s t  Bu[o viridis, w h e n  all 4 species 
were sampled  a t  t h e  same  si tes 9. I t  the re fore  appea r s  
p laus ib le  t h a t  t he  re la t ive  n a r r o w n e s s  and  c o n s t a n c y  of 
t he  s u b t e r r a n e a n  n iche  are  t he  m a j o r  se lec t ive  de te r -  
m i n a n t s  of h igh  h o m o z y g o s i t y  in spadefoots  in accord  
w i t h  t he  p red ic t ion  of t he  n i c h e - v a r i a t i o n  model  a and  
t he  t h e o r y  of a d a p t i v e  s t ra teg ies  lo. 

A l t e r n a t i v e  e x p l a n a t i o n s  to  t he  ex t r em e  h o m o z y g o u s  
p a t t e r n s  of Pelobates can  be  ru led  out .  Firs t ,  genet ic  d r i f t  
seems an  un l ike ly  a g e n t  of h o m o z y g o s i t y  since b o t h  t he  

D a l t o n  a n d  H a d e r a  popu l a t i ons  of P. syriacus are q u i t e  
large, i nvo lv ing  h u n d r e d s ,  if no t  t h o u s a n d s ,  of b r e e d i n g  
adul ts .  Second,  n e u t r a l i t y  also appea r s  unl ikely .  The  
e v o l u t i o n a r y  h i s to ry  of t he  m o d e r n  species of Pelobates 
is c e r t a i n l y  long enough  to  resu l t  in t o t a l  f ixa t ion  if 
n e u t r a l i t y  i ndeed  operatecD~. Nor  can  m i g r a t i o n  exp la in  
t he  es terase  p o l y m o r p h i s m ,  since t he  H a d e r a  and  D a l t o n  
p o p u l a t i o n s  are p r o b a b l y  geograph ica l ly  d i s junc t  a n d  
t he  two Pelobates species are c e r t a i n l y  geograph ica l ly  and  
r e p r o d u c t i v e l y  isolated.  

R e l a t i v e l y  low he t e rozygos i t y  cha rac te r i zes  mos t  sub-  
t e r r a n e a n  a n d  fossorial  m a m m a l s  ye t  s tud ied  5, a n d  
also s u b t e r r a n e a n  mole crickets ,  genus  Gryllotalpa 15. 
Simi la r  r educed  genet ic  v a r i a t i o n  assoc ia ted  w i t h  in-  
c reas ingly  homogeneous  e n v i r o n m e n t s  ha s  been  d e m o n -  
s t r a t e d  in m a r i n e  bivalves1% in bees  17, and  was exper i -  
m e n t a l l y  gene ra t ed  in Drosophila b y  1DOWELL ls a n d  
MCDO~V~LD a n d  AYALA 19. 1Despite some ev idence  to  t h e  
c o n t r a r y  2~ a growing b o d y  of ev idence  ind ica tes  an  
overa l l  pos i t i ve  cor re la t ion  be tween  p ro t e in  po lymor -  
p h i s m s  and  e n v i r o n m e n t a l  h e t e r o g e n e i t y  g, 21, ~. I t  t he re -  
fore appea r s  p laus ib le  t h a t  allelic v a r i a t i o n  of p ro t e in  
p o I y m o r p h i s m s  is a t  leas t  p a r t l y  a d a p t i v e  and  is regu-  
l a t ed  in n a t u r a l  popu la t i ons  b y  se lect ion in accord w i t h  
an  index  of e n v i r o n m e n t a l  d ivers i ty .  
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Reactivation by Glycerol and Ethylene Glycol of Inactivated d-Aminolevulinic Acid Synthetase of 
Rhodopseudomonas spheroides 
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Summary. R e a c t i v a t i o n  effects  b y  glycerol  and  e thy lene  glycol of i n a c t i v a t e d  ALA s y n t h e t a s e  of R. spheroides were 
observed .  A c c o m p a n y i n g  t h e  r e a c t i v a t i o n  of the  i n a c t i v a t e d  enzyme,  Km va lue  for P L P  decreased  to levels s imi lar  
to  those  of t i le f resh ly  p r e p a r e d  enzyme.  

2 -Mercap toe thano l  is t he  m o s t  p o p u l a r l y  used  a n d  
p o t e n t  s tab i l i ze r  of &amino levu l in i c  acid ( A L A ) s yn the -  
t ase  (E.C. 2.3.1.37), a r e g u l a t o r y  e n z y m e  of t he  t e t r a -  
py r ro le  b i o s y n t h e t i c  p a t h w a y ,  of some b a c t e r i a  a n d  of 
a n i m a l  t issues,  b u t  t he  effect  becomes  less r e m a r k a b l e  
as t he  pu r i f i ca t i on  of t h e  e n z y m e  proceeds  and  f ina l ly  i t  
is i n h i b i t o r y  on  t h e  a c t i v i t y  of t h e  h igh ly  pur i f i ed  ALA 
s y n t h e t a s e  1, 2. As a n o t h e r  s t ab i l i ze r  of th i s  enzyme,  some 
workers  r ecen t l y  appl ied  glycerol  wh ich  is we l l -known as 
a c r y o p r o t e c t a n t ;  t h e y  r e p o r t e d  t h a t  10% a,4 and  30% 5 
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