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Esterase-1 patterns and genotypes of parents and offspring of 30 matings of Peromyscus truei 
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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). 
11 Supported by Faculty Research Grant No. 35064 from North 

Texas State University awarded to ZIMMERMAN. 

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.  

1 ~V. HELLE, H. R. BOLLAND and J. GUTIERREZ, Experientia 28, 
707 (1972). 
W. WITTMANN, Stain Techn. 40, 161 (1965). 
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Figs. i-7. Brevipalpus obovatus, squashes of eggs. >," 2000. 1. First metaphase. 2. First anaphase. 3. First telophase. 4. Second metaphase. 
5. Second anaphase. 6. Prometaphase first cleavage division. 7. Parallel separation of chromatids in cleavage anaphase. 

The  second po la r  b o d y  en te r s  a mi tos is  wh ich  r ema i n s  
b locked  in t he  m e t a p h a s e .  The  polar  bodies  are expel led 
f rom the  egg a n d  s t a r t  degene ra t i on  d u r i n g  t h e  c leavage  
divisions.  

The  f i rs t  c leavage  mi tos is  t akes  place in t he  cen t re  of 
t he  egg and  ha s  a se t  of 2 ch romosomes  (Figure 6). Since 
t he  c leavage  divis ions  u p  to  t h e  4 th  d iv is ion  are  com- 
p le te ly  synchronous ,  i t  could be  e s t ab l i shed  t h a t  all t h e  
ceils a t  t h e  16-cell s tage  c o n t a i n e d  2 chromosomes .  Also 
in soma t i c  mi toses  of o lder  e m b r y o n i c  stages,  on ly  t h i s  
c h r o m o s o m e  n u m b e r  was  observed ,  w h i c h  conf i rms  t h e  
resul t s  of HELLE e t  al. ~. M o v e m e n t  a n d  o r i en t a t i on  of these  
c h r o m o s o m e s  (Figure  7) occur  as descr ibed  for t he  ch romo-  

s o m e s  of t he  t w o - s p o t t e d  spider  mi t e  a, i nd ica t ing  t h e  
presence  of diffuse k ine tochores .  

These  obse rva t ions  show t h a t  two  b i v a l e n t s  occur  du r ing  
m e t a p h a s e  I, t h o u g h  on ly  one was  expected .  This  m e a n s  
t h a t  a n  e x t r a  c h r o m o s o m e  r edup l i ca t ion  m u s t  t a k e  place 
in t he  female  germ cells before  m e t a p h a s e  I. As ye t  t h e  
exac t  t ime  of t h e  e x t r a  r edup l i ca t i on  wh ich  can  t ake  
place in p a r t h e n o g e n e t i c  o rgan i sms  e i the r  before  or a f t e r  
pachy tene4 ,  s, could  n o t  be  es tabl i shed.  Consequent ly ,  
t he  ques t ion  w h e t h e r  t he  2 soma t i c  ch romosomes  are 
homologous  c a n n o t  be  answered,  t h o u g h  the  absence  of 
m u l t i v a l e n t s  po in t s  to  nonhomology .  I t  is, therefore ,  n o t  
ye t  clear w h e t h e r  apomic t i c  or  a u t o m i c t i c  pa r thenogenes i s  
is involved .  

The  c o m m o n  t y p e  of sex d e t e r m i n a t i o n  in m a n y  m i t e  
famil ies  is haplo-d ip lo idy .  Th i s  m e c h a n i s m  also opera tes  
in  t he  on ly  b i sexua l  species of t h e  T e n u i p a l p i d a e  (Raoiella 
indica Hirs t )  i nves t i ga t ed  t h u s  far  1. I nves t i ga t i o n s  b y  

HELLE e t  al.6 on t h e  i nduc t i on  of B. obovatus males  b y  
i r r ad ia t ion  ind ica te  t h e  presence  of 2 ch ro mo s o mes  in 
male  e m b r y o n i c  t issue. Then ,  t o g e t h e r  w i t h  t h e  p re sen t  
obse rva t ions ,  i t  m a y  be a s sumed  t h a t  t h e  hap lo id  chromo-  
some n u m b e r  is r a t h e r  2 t h a n  1. This  would  m e a n  t h a t  t he  
female  soma t i c  ceils are haplo id ,  a u n i q u e  cond i t ion  
a m o n g  animals .  F u r t h e r  i nves t iga t ions  are required ,  
p a r t i cu l a r l y  conce rn ing  the  d e t e r m i n a t i o n  of sex differen-  
t i a t ion .  

Zusammen/assung. Das ch ro mo s o ma l e  V e r h a t t e n  in den  
Reife- u n d  F u r c h u n g s t e i l u n g e n  im E i d e r  t h e l y t o k -  
p a r t h e n o g e n e t i s c h e n  Milbe Brevipalpus obovatus wird  
beschr ieben .  I n  den  Re i fe te i lungen  be f inden  sich doppe l t  
soviele C h r o m o s o m e n  wie im s o m a t i s c h e n  Gewebe ;  die 
we ib l i chen  Mi lben  s ind v e r m u t i i e h  hap lo id  (n = 2). 
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