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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  
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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 
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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 

1 R. K.  SIgLANDER, M. H. SMIT/cI, S. Y. YANG, W. E. JOHNSON and 
G. B. GENTRY, Univ. Texas PubL 7703, 49 (1971). 

2 C. W. KILPATRIEE and E. G. ZIMMERMAN, Syst/ Zool., in press 
(1974). 

3 W. G. HUNT and R. K. SELANDER, Heredity 31, 11 (1973). 
4 M. H. SMITH, R. K. SELANDER alld W. E. JOHNSON, J. Mammal. 

54, 1 (1973). 
L. L. WHEELER and R. K. SELANDER, Univ. Texas Publ. 7213, 
269 (1972). 

6 j .  E. WOMACK, Bioehem. Genet. 9, 13 (1973). 
7 E. G. ZIMIvIERMAN, ]3. J. HART and C. W. JS:ILPATRICK, COlrlp. 

Biochem. Physiol., in press (1974). 
s G. L. JOHNSON and R. L. PACKARD, Occas. Pap, Mus. Texas Teeh 

Univ. 24, 1 (1974). 



15.4. 1975 Specialia 

Esterase-1 patterns and genotypes of parents and offspring of 30 matings of Peromyscus truei 

421 

No. Pairs Es-1 pattern of parents Genotype of offspring Analysis 

100/100 100/93 93/93 Z 2 P 

i 100/100 • 100/100 3 -- 
0 100/100 • 100/ 93 -- -- 

10 100/ 93 • 100/ 93 8 22 
2 1001100 • 93/ 93 -- 5 

12 100/ 93• 93/ 93 -- 30 
5 93/ 93• 93/ 93 -- 

m 

m _ _ 

12 0.86 > 0.50 

32 0.06 > 0.70 
11 -- -- 

cons idered  he te rozygous  for t he  100 a n d  93 alleles. No 
o the r  p a t t e r n s  were obse rved  in t h i s  colony, in  a d d i t i o n a l  
spec imens  (n = 100) f rom Colorado, New Mexico, U t a h ,  
a n d  Ar izona  or f rom spec imens  (n = 35) ana lyzed  b y  
JOHNSON a n d  PACKARD s. Gene t ic  d a t a  f rom 123 mice 
f rom 30 l a b o r a t o r y  m a t i n g s  were cons i s t en t  w i t h  a n  
h y p o t h e s i s  of 2 c o d o m i n a n t  alleles segrega t ing  f rom a 
single locus (Table).  F u r t h e r m o r e ,  all 3 e lec t rophore t i c  
p a t t e r n s  were found  in b o t h  sexes, i n d i c a t i n g  Es-1 is 
i nhe r i t ed  au tosomal ly .  

Es-1 p a t t e r n s  in severa l  species of Peromyscus h a v e  been  
descr ibed.  V a r i a t i o n  in Es-1 in _P. maniculatus has  been  
i n t e r p r e t e d  as t he  p r o d u c t  of 3 alleles segrega t ing  f rom a 
single locus 9. One of t he  alleles was cons idered  a ' s i len t '  
allele a n d  p roduced  no e lec t rophore t i c  bands .  P rogeny  
d a t a  conf i rmed  th i s  i n t e r p r e t a t i o n .  A s imi la r  i n h e r i t a n c e  
for Es-1 has  been  shown  in P. boylei, P. attwateri, and  P.  
poiius ~, L A s y s t e m  of Es-1 i n h e r i t a n c e  s imi la r  to  t h a t  of 

9 S. RANDERSON, Genetics 52, 999 (1965). 
is p. L. WiLMOT and D. K. UNDERHILL, J. Heredity 6d, 43 (1973). 
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P. truei was found  in P. polionotus and  was cons idered  
homologous  to t he  s y s t e m  in  _P. maniculatus, excep t  no  
s i lent  allele was  found  1. Es-1 p a t t e r n s  in  P. leucopus h a v e  
been  shown  to  be  t he  p r o d u c t  of 2 alleles, 1 of wh ich  is 
si lent ,  segrega t ing  f rom a single locus 10. The  s imple  
i n h e r i t a n c e  and  ease in de t ec t i ng  Es-1 in P. truei m a k e s  
th i s  p ro t e in  useful  for s t u d y i n g  genet ic  v a r i a t i o n  in n a t u r a l  
popu la t ions .  

Zusammenfassung. K r e u z u n g s v e r s u c h e  u n d  elektro-  
phore t i s ehe  Ana lyse  tier E r y t h r o c y t e n e s t e r a s e  bei  de r  
Maus  Peromyscus truei zeigten,  dass  die t t o m o z y g o t e n  je 
eine E n z y m b a n d e  mi t  un t e r s ch i ed l i chen  Bewegl ichke i t en  
aufweisen,  w ~ h r e n d  bei  den  H e t e r o z y g o t e n  be ide  E n z y m -  
b a n d e n  v o r k o m m e n ,  was m i t  der  A n n a h m e  der  Ab-  
s p a l t u n g  yon  zwei k o d o m i n a n t e n  Allelen eines e inzigen 
a u t o s o m a l e n  Locus i i be re ins t immt .  
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M a t u r a t i o n  D i v i s i o n s  w i t h  D o u b l e  t h e  S o m a t i c  C h r o m o s o m e  N u m b e r  i n  t h e  P r i v e t  M i t e  
Brevipalpus obovatus 

The  p r i v e t  m i t e  Brevipalpus obovatus D o n n a d i e u  (Faro. 
T e n u i p a l p i d a e  = false sp ider  mi te s ;  Acar ina)  r ep roduces  
b y  t h e l y t o k o u s  pa r thenogenes i s .  HELLE et  al. 1 found  2 
ch romosomes  ill t h e  female  e m b r y o n i c  t i ssue  and  a s sumed  
t h a t  t he  hap lo id  c h r o m o s o m e  n u m b e r  is n = 1. I n  o rder  
to  i nves t i ga t e  w h e t h e r  t he  2 ch r om os om es  fo rm 1 b i v a l e n t  
d u r i n g  meiosis  and  are t h u s  homologous ,  we e x a m i n e d  t he  
m a t u r a t i o n  divisions.  

A p o p u l a t i o n  of B. obovatus, which  o r ig ina t ed  f rom a 
glasshouse  a t  A m s t e r d a m ,  was received f rom Dr. W.I-IELLE 
and  rea red  in our  l a b o r a t o r y  on  d e t a c h e d  leaf cu l tu res  of 
ivy  u n d e r  c o n t i n u o u s  l igh t  a t  27 ~ Eggs  were  f ixed in 1 : 3 
acet ic  ac id-a lcohol  m i x t u r e  for a t  l eas t  1 week, s t a ined  
a n d  squashed  in a c e t o - i r o n h a e m a t o x y l i n - e h l o r a l  h y d r a t e  
accord ing  to  WITTMANN 2. 

The  m a t u r a t i o n  divis ions  are accompl i shed  in t he  
po in t ed  p a r t  of t he  ovoid  egg w i t h i n  3 h a f te r  oviposi t ion.  
I m m e d i a t e l y  a f t e r  ovipos i t ion ,  t he  egg is in  m e t a p h a s e  I 
showing  2 b i v a l e n t s  (Figure 1). These  are  r i ng - shaped  or, 
in side-view, rod-shaped .  The  spindle  is o r i e n t a t e d  para l le l  
to  t he  egg per iphery .  D u r i n g  a n a p h a s e  I each  e h r o m a t i d  in 
a d y a d  r ema ins  connec t ed  b y  a t h i n  t h r e a d  to one of t he  

c h r o m a t i d s  ill t h e  co r r e spond ing  d y a d  (Figure 2). I n  
t e lophase  I the  ch romosomes  despira l ize  par t i a l ly ,  a n d  a 
t h i n  l ayer  of ' e l imina t ion  c h r o m a t i n '  is v is ib le  ill t h e  
equa to r i a l  p l ane  (Figure 3). W i t h o u t  pass ing  a n  in te r -  
kinesis,  1 pa i r  of dyads  gives rise to  a m e t a p h a s e  I I  
(Figure 4) a n d  t he  o t h e r  pa i r  to  t he  f i rs t  po la r  body.  The  
m e t a p h a s e  I I  ch romosomes  are s i t ua t ed  en t i r e ly  in  t he  
equa to r i a l  p l ane  w i t h  one of t h e  two c h r o m a t i d s  fac ing one 
spindle  pole a n d  t he  o t h e r  a l igned to  t he  oppos i te  pole. 
The  spindle  is o r i e n t a t e d  ob l ique ly  to t he  surface.  
D u r i n g  ear ly  a n a p h a s e  I I ,  t h e  m e d i a n  regions of t he  
s e p a r a t i n g  c h r o m a t i d s  r e m a i n  connec t ed  b y  a t h r e a d  
whi le  the  te lomeres  p recede  to t he  poles (Figure  5). One 
po la r  g roup  of 2 ch romosomes  change  in to  2 ka ryomeres ,  
be ing  t he  pronucleus ,  t he  o t h e r  g roup  fo rm t h e  second 
polar  body.  The  f i rs t  po la r  b o d y  passes  t h r o u g h  a mi tos is  
a b o u t  s imu l t aneous ly  w i t h  d iv is ion  of t he  second oocyte.  
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