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Possible Genetic Consequences of Meiosis in Pocket Gopher (Thomomys bottae) Populations 

V a r i a t i o n  in m i to t i c  c h r o m o s o m a l  p a t t e r n  is p e r h a p s  
more  ex t ens ive  in  t h e  s ingle species of p o c k e t  gopher ,  
Thomomys bottae ( E y d o u x  a n d  Gervais) ,  t h a n  in a n y  o t h e r  
species of m a m m a l  as ye t  examined .  The  v a r i a t i o n  is 
l imi ted  to  changes  in c h r o m o s o m e  m o r p h o l o g y  a n d  is n o t  
comp l i ca t ed  b y  c o n c o m m i t a n t  v a r i a t i o n  in diploid  n u m -  
ber.  B o t h  i n t e r p o p u l a t i o n  p o l y t y p i c  cond i t ions  a n d  in t r a -  
p o p u l a t i o n  p o l y m o r p h i s m  h a v e  been  recorded  1-8. Popu la -  
t ions  are  k n o w n  to  possess f rom 0 to  32 ac rocen t r i e  au to-  
somes,  a n d  a d j a c e n t  p o p u l a t i o n s  h a v e  been  descr ibed  
wh ich  differ  b y  up  to 9 f ixed c h r o m o s o m a l  r ea r r ange -  
m e n t s  4. 

The  m a j o r  m e c h a n i s m  of c h r o m o s o m a l  t r a n s f o r m a t i o n  
cons idered  respons ib le  for these  obse rved  levels of d i v e r s i t y  
is t h a t  of pe r icen t r i c  invers ions .  Theore t ica l ly ,  i nd iv idua l s  
he t e rozygous  for  one or more  such  inve r s ion  should  be  a t  
leas t  p a r t i a l l y  s ter i le  due  to  t h e  p r o d u c t i o n  of f rom 50 to  
100% u n b a l a n c e d  game tes  r e su l t i ng  f rom cross ing-over  
w i t h i n  t he  i n v e r t e d  segments .  E v i d e n c e  to date ,  however ,  
suggests  no  r e d u c t i o n  in fe r t i l i ty  in  he t e rozygous  ind iv id -  
uals. N u m e r o u s  c h r o m o s o m a l  he t e rozygo te s  col lected f rom 
the  zones of c o n t a c t  be tween  a d j a c e n t  b u t  k a r y o t y p i c a l l y  
d i s t i nc t  popu l a t i ons  h a v e  been  e x a m i n e d  2, ~. Moreover ,  
he t e rozygos i t y  for  f rom 3 to  5 s epa ra t e  invers ions  is 
a p p a r e n t l y  m a i n t a i n e d  u n d e r  b a l a n c e d  cond i t ions  in some 
ins t ances  3,4. The  p r e sen t  repor t ,  therefore ,  considers  
some a spec t s  of meiosis  a m o n g  ka ryo typ i ca l l y  d iverse  

p o p u l a t i o n s  of t h i s  species, aspects  wh ich  are  i n t i m a t e l y  
r e l a t ed  to  t h e  levels  of c h r o m o s o m a l  v a r i a t i o n  recorded  
a n d  to  t h e  m a i n t e n a n c e  of r e p r o d u c t i v e  success even  in 
c h r o m o s o m a l  he te rozygotes .  

Meiot ic  p r e p a r a t i o n s  were o b t a i n e d  f rom t e s t i cu la r  
m a t e r i a l  only,  fo l lowing t h e  p rocedure  ou t l ined  b y  FORD 5. 
78 ma le  Thomomys bottae r e p r e s e n t a t i v e  of 6 d i f fe ren t  
subspec ies  a n d  8 s epa ra t e  p o p u l a t i o n s  were  examined .  
These  p o p u l a t i o n s  dif fered b y  t h e  p resence  of f rom 0 to  
18 ac rocen t r i c  au to somes  or, consequen t ly ,  f rom 0 to  a t  
leas t  9 f ixed pe r i cen t r i c  invers ions .  I n  all  cases t h e  diploid  
n u m b e r  was 76. M e t a p h a s e  soma t i c  k a r y o t y p e s  f rom t h e  
t w o  e x t r e m e s  are  g iven  in  F igu re  1 : A) T. b. modicus w i t h  
a c o m p l e t e l y  b i a r m e d  a u t o s o m a l  c o m p l e m e n t  and,  B) T. 
b. alienus w i t h  9 pa i rs  of ac rocen t r i c  a n d  on ly  28 pa i rs  of 
b i a r m e d  au tosomes .  

1123 cells in  f i rs t  meio t ic  d iv i s ion  were examined ,  for  an  
ave rage  of 14 cells p e r  ind iv idua l .  Fo r  c h i a s m a  f r equency  
d e t e r m i n a t i o n s  on ly  d iak ines i s  an d  m e t a p h a s e  I f igures  
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5 C. E. FORD and E. P. EVANS, in Comparative Mammalian Cyto- 

genetics (Ed. K. BENIRSCHKE; Springer-Verlag, New York 1969), 
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Fig. 1. Somatic karyotypes of 2 specimens of 
Thomomys bottae representing the range of va- 
riation in chromosome morphology considered 
in this report: A) female T. b. modicus (UA 
14992) from Yerba Buena Ranch, Patagonia 
Mrs., Santa Cruz Co., Arizona, with an all bi- 
armed autosomal complement; and 13) female 
T. b. alienus (UA 14989) from near St. David, 
Cochise Co., Arizona, with 9 pairs of acrocen- 
tric autosomes. 
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Fig. 2. Representative spermatocytes at dia- 
kinesis of 2 chromosomal variants of Thomo- 
rays bottae: A) specimen of T.  b. modicus (MVZ 
137257) with the same somatic karyotype as 
pictured ill Figure 1A; and B) specimen of 7". 
b. alienus (MVZ 139042) with the same soma- 
tic karyotype as pictured in Figure 1 B. 

were scored. This  was  due  to t he  t echn ica l  diff icul t ies  in  
s epa ra t i on  and  reso lu t ion  of i n d i v i d u a l  b i v a l e n t s  in ear l ier  
stages.  All spec imens  e x a m i n e d  are cha rac t e r i zed  b y  38 
b i v a l e n t s  (n = 38), as was  expected .  Moreover,  t he  genera l  
cha rac te r i s t i c s  of b i v a l e n t  associa t ion  a t  d iakines is  or 
m e t a p h a s e  I was t he  same  for all  i nd iv idua l s  regardless  of 
the  differences in  i n d i v i d u a l  c h r o m o s o m e  morphMogies  
of t he  soma t i c  ka ryo types .  These  fea tures  of s imi l a r i t y  
a re  shown  in F igure  2 w h e r e  f i rs t  m e t a p h a s e  cells f rom 
ind iv idua l s  w i t h  zero acrocen t r ic  au tosomes  (Figure 2A) 
and  w i t h  18 ac rocen t r i c  au tosomes  (Figure  2B) are com- 
pared .  No te  t h a t  t he  m a j o r i t y  of b i v a l e n t s  are associa ted  
b y  on ly  a single c h i a s m a  wh ich  is nea r ly  a lways  located  in 
a t e r m i n a l  or nea r  t e r m i n a l  pos i t ion .  The  m e a n  c h i a s m a  
f r equency  pe r  b i v a l e n t  is 1.03 w h e n  all i nd iv idua l s  exam-  
ined are pooled (range, 1.00 to  1.05), C h i a s m a  f o r m a t i o n  

appears ,  therefore ,  to  be  l imi t ed  in n u m b e r  and  h igh ly  
localized in pos i t ion  in a m a j o r i t y  of chromosomes .  T h e  
p a t t e r n  of c h i a s m a  f o r m a t i o n  is t o t a l l y  i n d e p e n d e n t  of t h e  
m o r p h o l o g y  of t h e  i n d i v i d u a l  ch ro mo s o mes  (i.e., w h e t h e r  
t h e y  are b i a r m e d  or un ia rmed) .  

Loca l i za t ion  of c h i a s m a t a  m a y  r ep resen t  a h igh ly  
s ign i f ican t  f ea tu re  w i t h  r ega rd  to  t h e  evo lu t ion  of in te r -  
an d  i n t r a p o p u l a t i o n  c h r o m o s o m a l  v a r i a b i l i t y  w i t h i n  t h e  
species. Fo r  one, t h e  ev idence  suggests  t h a t  mos t  he te ro-  
zygous pe r icen t r i c  invers ions  would  p roduce . l i t t l e  or no 
de le te r ious  load on  a p o p u l a t i o n  due to  t h e  exclusion of 
cross ing-over  f rom w i t h i n  t h e  i nve r t ed  segments .  Con- 
sequent ly ,  p o p u l a t i o n s  can  af ford  large n u m b e r s  of he te ro-  
zygous invers ions  w i t h  r e l a t i ve ly  l i t t l e  game t i c  pena l ty .  
Moreover ,  a n d  poss ib ly  of g rea te r  significance,  is t h e  
inf luence  wh ich  t h e  r educ t i on  in c h i a s m a t a  n u m b e r  a n d  
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loca l iza t ion  m a y  h a v e  on t he  genet ic  s t r u c t u r e  of popu la -  
t ions  a n d  ind iv idua ls .  Such a m e c h a n i s m  would al low for  
t he  c a p t u r e  of c o - a d a p t e d  gene sequences  wh ich  would  n o t  
be  c o n t i n u a l l y  d i s rup t ed  b y  r e c o m b i n a t i o n  w i t h i n  t h e m .  
Th i s  m a y  be  of i m m e n s e  se lec t ive  va lue  in a d a p t i n g  local  
demes  to  t he  h igh ly  local ized ecological  cond i t ions  wh ich  
t h e y  face, a cha rac t e r i s t i c  of fossorial  m a m m a l s  in  genera l  
a n d  of p o c k e t  gophers  in  p a r t i c u l a r  4, 6. Secondly,  i t  would 
a l low for gene exchange  b e t w e e n  a d j a c e n t  b u t  ka ryo-  
t y p i c a l l y  d i s t i nc t  popu l a t i ons  as a m e a n s  of i n p u t t i n g  
genet ic  v a r i a b i l i t y  in to  a p o p u l a t i o n  t h r o u g h  select ive  
in t rogress ion .  F ina l ly ,  i t  m a y  al low for t he  m a i n t a n e n c e  of 
genic he te rozygos i ty ,  even  in smal l  popu l a t i ons  faced w i t h  
s t rong  inbreed ing ,  a dec ided ly  a d v a n t a g e o u s  f ea tu re  (see 
CARSON 7 for review).  I t  has  been  shown  elsewhere  t h a t ,  
desp i t e  expec ted  r educ t i on  in genic he t e rozygos i t y  
r e su l t ing  f rom cha rac te r i s t i c s  of t he  fossorial  life mode,  
p o p u l a t i o n s  of T. bottae are as genica l ly  va r i ab l e  as o the r  
less r e s t r i c t ed  r o d e n t  speciesS. 

Resumen. E1 anal is is  de la p r i m e r a  d iv is i6n  me id t i ca  des 
roeder  fosorial,  Thomomys bottae, m u e s t r a  u n a  u n i f o r m i d a d  
n o t a b l e  en ia eolocaci6n de q u i a s m a s  en  los b iva len tes ,  a 
pesa r  de las d i fereneias  ex i s t en tes  en los ca r io t ipos  somdt- 

ticos. La  f recuencia  p romed io  de qu i a smas  por  b i v a l e n t e  
es m u y  b a j a  (1.03), y la m a y o r i a  de los b iva l en t e s  de- 
m u e s t r a n  que  sus qu i a smas  se local izan en  o cerca de u n  
es t r emo del par .  
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A Simple Technique for Obtaining Carbon Replicas from Small Organisms 

Carbon  repl icas  are widely  used for surface  s tudies .  
D e p e n d i n g  on  t he  p rope r t i e s  of t he  sub jec t  to  be  repl icated,  
d i f fe ren t  m e t h o d s  can  be appl ied,  wh ich  can  be m a i n l y  
d iv ided  in to  single- and  two-s tage  m e t h o d s  1. 

The  a d v a n t a g e  of t he  s ingle-s tage  m e t h o d  is t he  rela-  
t i ve ly  smal l  r isk of a r t i fac ts .  The  two-s tage  me thod ,  on  
t he  o t h e r  hand ,  is more  labor ious  b u t  has  t he  a d v a n t a g e  
of l eav ing  t he  surface s t r u c t u r e  und i s t u r bed ,  t h u s  en- 
ab l ing  r epea t ed  s t u d y  of t he  same  surface. 

I n  t he  s ingle-s tage  m e t h o d  d i f fe ren t  t e chn iques  were 
emp loyed  to s e p a r a t e  t he  c a r b o n  layer  f rom t he  specimen.  
U n f o r t u n a t e l y  these  t e c h n i q u e s  fai led in t h e  case of smal l  
o rgan i sms  like aphids .  The  two-s t age  m e t h o d  also p r o v e d  
to  be unsuccessful  since t he  w a x y  surface  s t r u c t u r e  is 
e m b e d d e d  and  soluble  in t he  rep l i ca t ing  plast ic ,  whereas  
a wa te r - so lub le  p las t ic  c a n n o t  be  employed  on  accoun t  of 
t he  smal l  d imensions .  

To overcome  the  diff icul t ies  caused  m a i n l y  b y  the  smal l  
d imens ions  of t he  organism,  a s u b s t r a t u m  wh ich  fixes 
t he  m a t e r i a l  was  used. 

Method. The  p rocedure  of r ep l i ca t ion  can  be  d iv ided  
in to  6 s teps :  1. A m i x t u r e  of t he  powder  a n d  f luid of 
Technov i t |  (KULZER ~: CO,, 638 B ad  H o m b u r g ,  
P .O,  Box  261, W e s t  G e r m a n y )  is p r e p a r e d  accord ing  to  
t he  d i rec t ions  for use. 2. A glass slide is covered  w i t h  t he  
mix tu re .  3. D u r i n g  t h e  few m i n u t e s  in wh ich  t he  p las t ic  
ha rdens ,  t h e  o rgan i sms  can  be  p laced  on  i t  w i th  a p a i n t i n g  
b rush .  Care m u s t  be t a k e n  to avo id  c o n t a c t  of t he  surface 
to be  rep l i ca ted  w i t h  t he  resin.  4. The  dr ied p r e p a r a t i o n  is 
now r e a d y  for c a r b o n  depos i t ion  (100 ~)  in  t he  v a c u u m  
p l a n t .  To p r e v e n t  excessive s h r i n k i n g  t he  r e c o m m a n d a -  
t ions  of Brad ley ,  in K a y  1, conce rn ing  leaf repl icas  m u s t  be  
k e p t  in m i n d :  a r e a s o n a b l y  sho r t  p u m p i n g  t i m e  a n d  a 
v a c u u m  no t  m u c h  h ighe r  t h a n  10 -3 m m  Hg. 5. To dry-  
s t r ip  t h e  c a r b o n  film, a 4 %  so lu t ion  of col lodion in an  
a n h y d r o u s  m i x t u r e  c o n t a i n i n g  equa l  p a r t s  of e the r  a n d  
e t h y l  a lcohol  is d r i pped  on  t h e  assembly .  The  col lodion 
m u s t  be  dr ied a t  r oom t e m p e r a t u r e  u n d e r  cond i t ions  of 
low re la t ive  h u m i d i t y .  6. The  co l lod ion-carbon  f i lm is t h e n  
cu t  i n to  smal l  pieces, t he  col lodion is s u b s e q u e n t l y  

dissolved in e ther /a lcohol ,  t h e  repl icas  are m o u n t e d  on  
grids (p re fe rab ly  200 mesh/ in ,  VECO, Hol l and)  and  shadow-  
ed if required .  

The  ma te r i a l s  r ep l i ca ted  in th i s  s t u d y  were a b d o m e n  
and  wing  of t he  mea ly  p l u m  aphid ,  Hyalopterus pruni 
(Geoff.) a n d  leaves  of t he  c o m m o n  reed, Phragmites 
communis Trin.  

Result and discussion. The  d r y - s t r i p p i n g  (stage 5) 
resu l t s  in  a col lodion f i lm w i t h  c a r b o n  only  f rom the  
surfaces to  be  rep l i ca ted  a n d  t r a n s p a r e n t  on  the  places  
above  the  s u b s t r a t u m ,  since t he  adhes ive  forces b e t w e e n  
T e c h n o v i t  and  c a r b o n  are s t ronge r  t h a n  be tween  c a r b o n  
and  collodion. 

The  c a r b o n  can  be  d ry - s t r i pped  f rom a n  o rgan i sm w i t h  
a w a x y  surface  layer  b y  m e a n s  of collodion, b u t  i t  m u s t  be  
a d m i t t e d  t h a t  t he  wax  a n d  t he  c a r b o n  are  no t  separa ted .  
In  th i s  p rocedure  the  wax  is t o r n  f rom t h e  surface  of t he  
o rgan i sm resu l t ing  in a co l lod ion /ca rbon  f i lm enc rus t ed  
w i t h  wax,  a m a t e r i a l  wh ich  indeed  is p a r t l y  dissolved in 
the  e the r / a l coho l  mix tu re ,  b u t  neve r the l e s s  c o n t r i b u t e s  
to  a n  e lec t ron  image  w i t h  e n h a n c e d  con t ras t .  The  adhes ive  
p roper t i e s  of t he  s u b s t r a t u m  a n d  t he  col lodion 1. p rec lude  
a m b i g u i t y  caused  b y  repl ica  p ic tu re  of t he  Technov i t ,  
2. e l im ina t e  a n  ex t r a  s tep  of s h a d o w  cas t ing  which  would 
be used on ly  for t he  pu rposa l  of i m p r o v i n g  t he  pic ture ,  
3. b u t  t h e y  m a k e  i t  imposs ib le  to  o b t a i n  a repl ica  f rom a n  
o rgan i sm of which  the  w a x y  layer  is comple t e ly  corroded,  
e.g., b y  mechan ica l  or mic rob ia l  act ion.  

A n o t h e r  p r o p e r t y  of t he  col lodion in wh ich  we were 
h igh ly  in t e re s t ed  was t he  poss ib i l i ty  of shr inkage .  T h e r e  
fore, we rep l i ca ted  leaf  surfaces  b o t h  in t he  usua l  way 2 a n d  
b y  e m p l o y i n g  t he  m e t h o d  descr ibed.  As can  be ga the red  
f rom the  p h o t o g r a p h s  (Figures  1, 2), b o t h  t echn iques  resul t -  
ed in s imi la r  images.  W e  t h u s  conc luded  t h a t  the  t e c h n i q u e  
deve loped  is sa t i s fac to ry  for t he  r ep l i ca t ion  of sma l l  
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