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Table I. Number of corpora lutes and embryos in E. lutescens. 

EXPERIENTIA 31/4 

Number of embryos 
or corpora lutea 
per ifidividium 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 lim n 

Number of animals 
with given number 
of corpora 1urea 

0 0 0 1 2 2 1 0 0 2 0 0 2 0 1 0 0 1 2 0 1 0 1 0 1 0 4-25 17 

Number of animals 
with given number 
of embryos 

0 1 5 4 9 2 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2-11 24 

Materials  and methods. I n  Apr i l -May,  1969 we o b t a i n e d  
105 s p e c i m e n s  of E. lutescens f r o m  n e a r  t h e  vi l lage of 
V o k h c h a b e r t ,  15 k m  N. E r e v a n ,  A r m e n i a n  U . S . S . R .  
E m b r y o  n u m b e r s  were  c o u n t e d  in 24 females  o u t  of  38 
a d u l t s  c a p t u r e d ,  arid ~he n u m b e r  of c o r p o r a  l u t e s  in 
ovar i e s  oI 17 p r e g n a n t  f emales  w a s  also recorded .  ( Iden t i -  
f i ca t ion  of c o r p o r a  l u t e s  w a s  o b t a i n e d  b y  e x a m i n a t i o n  of 
h i s to log ica l  sec t ions  of ovar ies) .  

Results.  Tab le  I s h o w s  t h a t  g r ea t  d i f ferences  ex i s t  
b e t w e e n  t h e  n u m b e r  of c o r p o r a  lu t e s ,  i n d i c a t i n g  ovu l a t i on ,  
a n d  t h e  n u m b e r  of e m b r y o s .  C o m p a r i s o n  of d a t a  f r o m  
E. lutescens w i t h  d a t a  on  Microtus  oregoni (Table  II) 
s h o w s  t h a t  t h e r e  are  g r ea t  d i f fe rences  ill e m b r y o n i c  
m o r t a l i t y  b e t w e e n  t h e s e  t w o  species.  O u r  d a t a  c o n f i r m  
t h e  c o n c e p t  ~,3,~-n of 50% zygo t i c  m o r t a l i t y  in Ellobius,  
due  to  d e a t h  of i n d i v i d u a l s  w i t h  even  n u m b e r  of c h r o m o -  
somes .  

T h e  ex i s t ence  of t h e  u n p a i r e d  sex  c h r o m o s o m e  in 
E. lutescens is c o n n e c t e d  w i t h  a specif ic  m e c h a n i s m  t h a t  
r educes  t h e  size of  l i t ters .  H o w e v e r ,  i t  is k n o w n  t h a t  all 
species  of Ellobius h a v e  sm a l l e r  l i t t e r s  t h a n  t e m p e r a t e  zone 
t e r r e s t r i a l  mic ro t ines .  I t  is n o t  c lear  w h i c h  m e c h a n i s m s  
r egu l a t e  t h e  dec reased  fe r t i l i ty  of Ellobius [uscocapillus 
(2n = 36) 1~ a n d  f o r m s  of Ellobius talpinus  w i t h  2n = 32 is, 
2n = 5212,14 a n d  2n = 541z, ~. I t  w o u l d  be of i n t e r e s t  t o  
c o m p a r e  t h e  e m b r y o n i c  m o r t a l i t y  of E. luteseens w i t h  
o t h e r  species  of Eilobius,  a n d  w i t h  o t h e r  t e r r e s t r i a l  
m i c r o t i n e s  ~6. 

Table II. Embryonic mortality in 17-ehromosoIne Mierotinae 

Ellobius lutescens 9 Microtus oregoni ~ 
(M • m) (M • m) 

Number of corpora lutea 12.9 4- 1.67 3.9 =~ 0.22 

Number of embryos 4.8 4- 0.38 3.82 =t= 0.25 

B b l B O ~ b l .  COH0CTaBJIeHHe qncJia aMGpHOHOB H >I<e2ITBIX 
TeJI0 no~aaaao CyLReCTBOBaHHe y Ellobius lutescens 6JIH3KO~ 
K 50% 3MGpHonanbn0~ cMepTH0CTU, qTO nO~tTBepx<~aeT rn-  
noTeay Ya~Ta-KacTpo-Cueppa  u Bo~bqba. 
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S e l e c t i o n  at  the  A l c o h o l d e h y d r o g e n a s e  L o c u s  in Drosophila melanogaster 

A m a j o r  c o n t r o v e r s y  in p o p u l a t i o n  gene t ics  a t  t h e  
m o m e n t  conce rns  t h e  g r ea t  a m o u n t  of genet ic  v a r i a t i o n  
a t  t he  m o l e c u l a r  level  r evea led  b y  p r o t e i n  e l ec t ropho re s i s  
in p o p u l a t i o n s  of Drosophila species  a n d  m o s t  o t h e r  
a n i m a l  species  t h u s  fa r  s t ud i ed  ( rev iew b y  LEWONTIN 1). 
C o n t r a r y  to  t h e  v i e w  t h a t  n a t u r a l  se lec t ion  is t h e  p r i n c i p a l  
force m a i n t a i n i n g  th i s  p r o t e i n  v a r i a t i o n  is t he  c o n c e p t i o n  
t h a t  t h e  o b s e r v e d  v a r i a t i o n  is m a i n l y  a p r o d u c t  of m u t a -  

t i on  a n d  genet ic  d r i f t  of se lec t ive ly  n e u t r a l  var ian ts2 ,3 .  
U p  to  n o w  m o s t  e x p e r i m e n t a l  d a t a  on  th i s  d i s p u t e d  m a t t e r  
c a m e  f r o m  s tud i e s  on  g e o g r a p h i c a l  v a r i a t i o n  in n a t u r a l  
p o p u l a t i o n s .  T h e s e  s tud ies ,  h o w e v e r ,  fa i led to  p r o v i d e  

1 R. C. LEWONTIN, A. Rev. Genet. 7, 1 (1973). 
M. KIMURA, Genet. Res. 11, 247 (1968). 

a j .  C. KING and T. H. JuKEs, Science 764, 788 (1969). 
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unambiguous  evidence concerning the  all-or-none existence 
of selection for a l lozyme var iants ,  because of the  con- 
founding effects of even small  amounts  of migra t ion  ~. 
I n  a recent  s tudy  5, however,  i t  was shown tha t  l abora tory  
popula t ions  of Drosophila melanogaster, polymorphic  for 
the a lcoholdehydrogenase locus, when s tar ted  wi th  diffe- 
rent  allele frequencies, showed marked  f requency changes 
in the  course of t ime.  The  frequencies in all popu la t ions  
converged to a c o m m o n  equi l ibr ium f requency i rrespect ive 
of the  ini t ial  f requency.  I t  fur ther  appeared from this 
s tudy  tha t  the f requency of the  AdhF-allele rap id ly  
increased in popula t ions  kep t  on food supplemented  wi th  
ethanol.  These findings s t rongly poin ted  to the  conclusion 
tha t  select ion was involved.  As defini te  changes in allele 
frequencies  in the  presence of substra tes  for t i le enzyme 
would unambiguous ly  prove  the  act ion of selection, i t  was 
decided to ex tend  the  former  exper iments  by  s tudying  the 
effects of var ious  alcohols, supplemented  to the  regular  
food medium.  

iv[aterial and methods. 8 popula t ions  were set up wi th  F~ 
flies from crosses be tween 5 homozygous  S- and 5 
homozygous  F-lines der ived f rom the  Groningen popula-  
t ion (details in BIJLSMA-MEELES and VAN I)ELDEN 5), the 
ini t ial  f requency therefore was pF ~ 0.50. Each  popula-  
t ion consisted of 5 bot t les  wi th  food of a par t icular  com- 
posi t ion concerning its alcohol contents.  Paren ts  were 
removed and discarded every  generation,  prior  to the  
emergence of thei r  offspring. The  offspring of all 5 popula-  
t ion bot t les  were thoroughly  mixed  each generat ion and 
thereaf te r  d ivided in approx imate ly  equal  numbers  over  
5 new bot t les  conta ining the  appropr ia te  food medium,  
except  for a sample of about  150 flies, which were avai la-  
ble for genotype  ident i f ica t ion by electrophoresis.  The 
exper iment  was cont inued over  10 generat ions  and popu-  
lat ions were kept  a t  25 ~ and 50-70% R.H.  

The s tandard  food (control medium) consisted of 1000 
ml  wate r ;  19 g agar ;  54 g sucrose; 32 g dead yeas t  and 13 
ml nipagin  solutioil  (10 g nipagin  in 100 rnl e thanol  96%). 
The alcohol media  consisted of regular food to which a 
cer ta in  vo lume  of alcohol was added. The following 

1.00 

&80 

" -  0.60 

0.4( 

Hexanol 0.5 

/ z P op no, 25 

~'~" Control 

-'-e Glycerol 15 

u~ 5 10 
Generations 

Change in the frequency of the AdhF-allele on different substrates. 
The numbers following the alcohols refer to volume percentages. 

alcohols were used (concentrat ions given as vo lume 
percentages)  : me thano l  2.5 % ; e thanol  15 % ; propanol  
2.5% ; isopropanol  2 .5%; bu tano l  2.5% ; hexanol  0.5% ; 
and glycerol 15%. Electrophoresis  was carried out  on 
whole fly homogenates  on 5.5% polyacry lamide  gels for 
2.5 h at  300 V and 40 mA, in 0.041 M verona l  -HC1 buffer, 
supplemented  wi th  0.001 M EDTA,  pFI 8.4. Af ter  electro- 
phoresis the  gels were t ransferred to a s taining solution, 
consist ing of 25 ml  0.041 M veronal-HC1/0.001 M E D T A  
buffer, p H  8.4; 7.5 mg MTT;  10.0 mg NAD+;  0.5 mg PMS 
and 0.1 ml  isopropanol.  The nomencla ture  of CvRELL et al. 6 
was appl ied for the  descript ion of the  S- and F-alleles. 
Alcoholdehydrogenase  ac t iv i ty  was assayed as follows: 
centr i fuged whole fly homogena te  was added to 0.05 M 
tris-HC1/O.O01 ]Vf E D T A  buffer, p H  8.5, wi th  a final 
concentra t ion  of 0.1 M isopropanol  and 0.001 M N A D  +. 
Tile increase in absorbance a t  334 nm in the  react ion 
mix ture  was followed in a Vi ta t ron  spec t rophotometer  
(1 cm l ight  pa th ;  25~ Ac t iv i ty  is then  given as the  
ini t ial  change in absorbance per  mg f lyweight  per  rain. 

Results. Genotypic  frequencies, general ly based on 
75 ?$ and 75d'~, were de termined  in generat ions 2, 5 and 
10. Tile resul t ing allele frequencies are shown in the  Figure.  
There is a clear t endency  for an increase in the F-fre- 
quency  on most  alcohol media.  In  generat ion 10 allele 
frequencies Oil all alcohol media,  except  for glycerol  
medium,  differ s ignif icantly from control  med ium as 
measured by  a %~-test (p < 0.025 for isopropanol;  p < 
0.01 for the  o ther  alcohols). The most  drast ic  change is 
observed on hexanol  med ium (PF = 0.78 in generat ion 5, 
pF = 0.98 in generat ion 10). On the  alcohol media  a 
consistent  shift  in genotype frequencies has occurred : the 
f requency of the  SS homozygotes  has decreased as the  
f requency of the  F F  homozygotes  has increased. Com- 
parison of the  observed genotype  numbers  wi th  the 
expected nmnber  based on the  assumpt ion of Hardy-  
~Veinberg equi l ibr ium only shows significant  deviat ions  for 
the  me thano l  med ium and the  isopropanol  medium.  The 
actual  number  of SS homozygotes  on me thano l  med ium 
exceeds the  expected  number  in generat ion 2, as the  
number  of F F  homozygotes  is lower t h a n  expectat ion.  In  
generat ions 5 and 10, however ,  an excess of heterozygotes  
and a deficiency of bo th  kinds of homozygotes  is observed 
on this  medium.  On isopropanol  medium,  an excess of 
heterozygotes  and a shortage of homozygotes  is observed 
in generat ions 2 and 10, as the  opposi te  is found in 
genera t ion  5. 

Discussion. Though  the  addi t ion  of the  alcohols to the 
food effected a decrease in popula t ion  size, the  concentra-  
t ions were purposely  chosen in such a way  tha t  no drast ic 
reduct ion  in populat ion-size occurred. Consequent ly  the 
changes in allele frequencies of the  observed magni tude,  
cannot  be ascribed to genetic drift.  The  unidirect ional  
change in allele f requency on alcohol media  then  s t rongly 
points  to the  act ion of different ial  selection for the  Adh- 
genotypes.  The  SS homozygotes  apparen t ly  have  a 
d i sadvantage  compared  to the  F F  homozygotes .  Recen t  
exper iments  (VAIq DELDEN, unpublished) concerning the  
survivat  of Adh-genotypes  on e thanol  med ium showed tha t  
both  larval  and adul t  surv iva l  var ied  in the  following 
decreasing order:  F F  > FS  > SS. The  fitness differences 
mus t  be considerable;  crude es t imates  based on the  
observed ra te  of change, assuming in te rmedia te  fitness 

4 i3/I. KIMURA and T. MARUVA~A, Genet. Res. 78, 125 (1971). 
5 ]~. BIJLS~4A-MEE'LES and W. VAN DELDEN, Nature, Lond. 247, 369 

(1974). 
E. H. GRE~L, K. B. JACOBSON and J. B. MuRP~tv, Science 749, 80 
(1965). 
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for t h e  he te rozygote ,  p rov ide  select ion coefficients for 
t he  SS geno types  of a p p r o x i m a t e l y  0.50 (on hexanol) ,  ~ 
0.25 (on bu tano l )  a n d  0.20 (on e thanol ) .  

In  v i t ro  ac t i v i t y  assays  show t h a t  t he  F F  homozygo te s  
of t he  Gron ingen  p o p u l a t i o n  h a v e  a h igher  a c t i v i t y  t h a n  
t he  SS homozygo t e s  (0.242 versus  0.069). I d e n t i c a l  
differences h a v e  been  r epo r t ed  for o the r  s t r a ins  v, 8, where  
he t e rozygo te  ac t iv i t i es  were found  to  be  i n t e rmed ia t e .  I t  
is t e m p t i n g  to re la te  these  differences  in  a c t i v i t y  to  the  
observed  f i tness  differences.  The  f i tness  differences be t -  
ween F F  a n d  SS geno types  m a y  t h e n  be b r o u g h t  a b o u t  b y  
a b e t t e r  convers ion  of t he  alcohols  b y  F F  homozygotes .  
The  rise in F - f r equency  on  m e t h a n o l  m e d i u m  is qui te  
unexpec ted ,  as we did  n o t  f ind  a l coho ldehydrogenase  
ac t i v i t y  us ing  m e t h a n o l  as a subs t ra te .  There  are indica-  
t ions,  however ,  t h a t  t he  he t e rozygo te  has  a h igher  f i tness  
t h a n  b o t h  homozygo te s  on m e t h a n o l  med ium,  lead ing  to a 
equ i l ib r ium f r equency  of t he  F-al lele a r o u n d  0:70. 

Concern ing  the  ecological re levance  of these  experi-  
m e n t a l  f indings,  i t  should  be  no t iced  t h a t  decay ing  f r u i t  

7 j .  GIBSON, Nature, Lond. 227, 959 (1970). 
s C. L. VIGUE and F. M. JOHNSON, Biochem. GeDet. 9, 213 (1973). 
9 A. C. HULMG The Biochemistry of Fruits and their Products (Acade- 

mic Press, London-New York 1970 and 1971), vol. 1 and 2. 

is a c o m m o n  feeding and ovipos i t ion  si te  for D. melano- 
gaster in  na tu re .  Yeas t s  genera l ly  f lour ish  well on these  
f ru i t s  a n d  e thano l  is p roduced  b y  f e r m e n t a t i o n  in q u a n t i -  
ties, wh ich  can  easi ly be  de t ec t ed  b y  smell. A grea t  
v a r i e t y  of o the r  alcohols  are also p r e sen t  in frui ts ,  t h o u g h  
in smal ler  a m o u n t s  0. 

Concluding,  i t  m a y  be s t a t e d  t h a t  changes  in subs t ra te ,  
r e l e v a n t  to  t h e  enzyme,  induce  d e t e r m i n a t e  changes  in  
allele f requencies  a t  t he  Adh-locus .  T h i s  p roves  t he  
occurrence  of se lec t ion a t  th i s  locus and  is no t  c o n c o r d a n t  
w i t h  the  n e u t r a l i t y  hypothes i s .  

Rdsumd. Des popu l a t i ons  de Drosophila melanogaster, 
61ev6es avec  une  n o u r r i t u r e  c o n t e n a n t  d i f f6rents  alcools, 
m o n t r e n t  une a u g m e n t a t i o n  de la f r6quence de l'all61e 
~fast~> du locus alcool d6shydrogdnase .  Ce p h 6 n o m ~ n e  est  
in t e rp r6 t6  eomme 6 ran t  le r6su l t a t  d ' u n e  s61ection et  ne 
cor respond  pas  g l ' hypo th6se  de la neu t r a l i t 6  des v a r i a n t s  
d ' i soenzymes .  
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Genetic Control of Erythrocyte Esterase (Es-1) in the Pinon Mouse, Peromyscus truei (Shufeldt) 

R e c e n t  use of t e chn iques  in e lec t roph0res is  for t he  
s t u d y  of e n z y m e  p o l y m o r p h i s m  a m o n g  v e r t e b r a t e  species 
ha s  p rov ided  a w e a l t h  of i n f o r m a t i o n  ill a t t e m p t i n g  to  
e luc ida te  t he  role of genet ic  v a r i a t i o n  in t h e  evo lu t iona ry  
process  1. A l t h o u g h  i t  is accep ted  p rac t i ce  to  consider  
mul t ip le  e lec t rophore t i c  b a n d s  ind ica t ive  of he te ro-  
zygosi ty  a t  a g iven  p r o t e i n  locus, t he  Mende l i an  inher i -  
t ance  of m o s t  p ro te ins  is r a re ly  e x a m i n e d  exper imen ta l ly .  
Th i s  r epo r t  ident i f ies  a pa i r  ot c o d o m i n a n t  alleles segre- 
ga t ing  f rom a single a u t o s o m a l  locus con t ro l l ing  t he  
e lec t rophore t i c  m o b i l i t y  of a h e m o l y s a t e  esterase,  
Esterase-1.  Th i s  es terase  is c o m m o n l y  i nves t i ga t ed  b y  
mos t  workers  s t u d y i n g  ve r t eb ra t e s ,  especial ly  m a m -  
mals  1-s. F u r t h e r m o r e ,  the  species s tudied ,  Peromyscus 
truei, is a m e m b e r  of a c o m m o n  genus  of N o r t h  A m e r i c a n  
roden t s  s tud ied  b y  v e r t e b r a t e  p o p u l a t i o n  biologis ts  1,2,~,7,s 

Materials and methods. T he  or ig ina l  s tock  of mice  was 
col lected f rom the  v ic in i ty  of Canyon,  R a n d a l l  County ,  
Texas ,  and  t h e i r  l a b o r a t o r y - b r e d  of fspr ing  were used in 
i n h e r i t a n c e  s tudies .  Blood was o b t a i n e d  f rom the  sub-  
o rb i t a l  c a n t h a l  sinus,  and  a 4 %  sod ium c i t r a t e  so lu t ion  
was  used to  p r e v e n t  c lot t ing.  E r y t h r o c y t e  samples  were 

+ I 
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1 2 3 

Zymogram of erythrocyte esterase-1 phenotypes of Peroncyscus 
truei. Slot 1: genotype, 1001100. Slot 2: genotype, 100/93. Slot 3: 
genotype, 93/93. 

washed  3 t imes  w i t h  5 vo lumes  of buffered  saline, lysed 
w i t h  a p p r o x i m a t e l y  a n  equa l  v o l u m e  of dis t i l led  water ,  
a n d  cen t r i fuged  a t  1000 •  for 10 min.  

S t a r c h  gels were p r e p a r e d  us ing  a 12% s t a r c h  concen-  
t r a t i o n  a n d  a 0.01 M tris-hydrochloric acid buffer  (pH 8.5) 
accord ing  to  SELANDER et  al. 1. The  e lec t rode  buffer  was 
0.3 M sod ium b o r a t e  so lu t ion  (pH 8.2). H o r i z o n t a l  
e lec t rophores is  was  car r ied  ou t  a t  3~ a t  250 V for 1.5 h. 
Af te r  e lectrophoresis ,  gels were  sliced h o r i z o n t a l l y  a n d  
i n c u b a t e d  a t  37~ for 2 h in  a so lu t ion  of 25 mg  Fas t  
G a r n e t  GBC salt ,  24 ml  0.2 M m o n o b a s i c  sod ium phos-  
pha te ,  6 ml  0.2 2!/1 d ibas ic  sod ium phospha t e ,  20 ml  
dis t i l led wa te r  and  1 ml  1% ~ - n a p t h y l  p rop iona te .  Alleles 
were n u m b e r e d  accord ing  to  t h e i r  mobi l i t i es  re la t ive  to  
t he  fas tes t  m i g r a t i n g  allele (100) and  ca lcu la ted  as a 
pe rcen t age  of t he  100 allele. 

Results and discussion. Esterase-1  mig ra t e s  anoda l l y  
and  in f ron t  of t he  h e m o g l o b i n  on tris-hydrochloric acid 
gels. 3 e lec t rophore t ic  p a t t e r n s  occur  in  P.  truei as follows : 
a single fas t  m i g r a t i n g  b a n d  des igna t ed  100/100; 2 b a n d s  
a fas te r  one des igna ted  100, and  a s lower one des igna t ed  
93; a single slow b a n d  des igna t ed  93/93 (Figure) .  The  
single b a n d e d  p a t t e r n s  were cons idered  h o m o z y g o u s  for  
the  100 or 93 alleles, whi le  t he  doub le  b a n d e d  p a t t e r n  was 
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