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Fig. 2. Animal 1477 is male and has 15 acroceutrie chromosomes (B 
Group). The difference between the A and C Groups of chromosomes 
seems distinct. 

Fig. 3. Animal 1478 is male and has 16 acrocentric chromosomes (B 
Group). The distinction between the smallest A Group chromosome 
and largest C Group chromosome seems clear on morphology but less 
clear on size alone. 

Acrocentrie chromosome numbers related to sex of the 14 sibling 
deer mice 

s imply  due to  the  inher i tance  of homologous  chromo-  
somes of d i f fe rent  morpho logy  f rom each of the  parents .  
However ,  this  p ro b ab l y  would no t  be the  case because of 
t he  di f f icul ty  in ident i fy ing homologous  chromosomes  
when  t h e y  have  a d i f ferent  morphology.  

HsrJ and  ARRIGm * have  suggested t h a t  errors in pa i r ing  
could account  for an a p p a r e n t  grea ter  p o l y m o r p h i s m  t h a n  
actual ly  exists,  since they  had  no diff icul ty  in es tabl ishing 
homologous  pairs.  While  we do not  rule out  such possible 
errors in our own studies,  we feel t h a t  the  acrocentr ic  
ch romosomes  can be readi ly  d is t inguished  f rom t h e  non- 
acroeentr ics  and  have  l imi ted  the  p o l y m o r p h i s m  to dif- 
ferences in the  n u m b e r  of acrocentrics~ Thus, our  pre- 
sen ta t ion  p ro b ab l y  represents  the  min imal  va r ia t ion  be- 
cause i t  seems likely the  ch romosome  changes  p robab ly  
also affect  the  o ther  chromosomes.  Al though  H s u  and 
ARRIGHI 4 feel conf iden t  in assigning the  sex chromosomes  
in t he  animals  t h e y  studied,  we have  some reserva t ion  
abou t  thi~ on_ the  basis o! our own studies  as we!! as the  
lack of f i rm evidence t h a t  the  sex chromosomes  are no t  
involved in t he  po lymorph ism.  Clearly, more extens ive  
and deta i led  mi to t ic  and  meiot ic  s tudies  as well as auto-  
rad iographic  ch romosome  studies  should  help to  resolve 
these  quest ions.  

These  results  more  f i rmly es tabl ish  the  exis tence  of 
ch romosome  p o l y m o r p h i s m  in Peromyscus maniculatus 
which has now been  observed to  include sibling animals  % 

Zusammen[assung. Fri iher  wurde  berei ts  ein Chromo- 
somenpo lymorph i smus  in n icht  v e r w a n d t e n  Peromyscus 
maniculatus, wahrscheinl ich  d u t c h  per izent r i sche  Inver -  
sion bedingt ,  gezeigt. Es  wird nun  nachgewiesen,  dass 
dieser  Po l y mo rp h i s mu s  auch un te r  Geschwis te rn  vor- 
k o m m t .  

D. T. ARAKAKI 2, IRIS VEOMETT 
and  R. S. SPARKES 

Cytogenetics Laboratory, Kapiolani Maternity Hospital, 
Honolulu, Hawaii (D TA), and 
Departments o/Medicine and Pediatrics, 
UCLA School of Medicine, 
Los Angeles (Cali/ornia, 90024, USA), 3 November 1969. 

Sex Number of aerocentrie chromosomes 
12 13 14 15 16 

Male - - 1 2 2 
Female 1 1 3 4 
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P o l y m o r p h i s m  in the  S o m a t i c  C h r o m o s o m e s  of Neotoma micropus Baird ,  the P la ins  W o o d r a t  1 

In  the i r  karyological  su rvey  of the  roden t  genus 
Neotoma, BAKER and  MASCARELLO 2 examined  33 speci- 
mens  of t he  plains  woodra t ,  Neotoma micropus Baird,  and  
found several  individuals  whose  ka ryo types  var ied f rom 
the  one descr ibed for t he  species by  H s u  and  BENIRSCH- 
KE 8. We  have  examined  67 addi t iona l  specimens  and  in 
the  p resen t  communica t ion ,  d a t a  f rom 100 specimens  are 
presented .  

Material and method. All spec imens  were collected f rom 
na tu ra l  popula t ions .  D a t a  concerning localit ies are given 
in Tables  I and  II .  Voucher  specimens  of animals  are 

depos i ted  in t he  Texas Tech Unive r s i ty  Collection 
of Mammals .  The  m e t h o d  used to  p repare  slides were 
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those  descr ibed by  BAKt~R 4 for bone  mar row tissue and  b y  
H s u  and  ARRIGHI 5 for lung tissue. As m a n y  as 100 
spreads  were scored f rom a spec imen and a l though  the  
diploid num ber  occasionally var ied below 52 (probably  be-  
cause some chromosomes  were lost  dur ing prepara t ion) ,  
cells wi th  52 chromosomes  a lways con ta ined  the  same 
n u m b e r  of large b ia rms  as found  in o ther  cells of t h a t  
specimen.  In  3 cases, ch romosomes  of bone mar row and  
lung t issue were s tud ied  f rom the  same an imal  and  b o t h  
t issues revealed ident ical  ka ryo types .  No spreads  were 
found  to have  more  t h a n  52 chromosomes .  

Results  a~cd d{scussion. The  diploid n u m b e r  of the  100 
specimens was invar iably  52 and  no mosaics  were found. 
4 d i f fe rent  female  and  3 d i f fe rent  male  ka ryo types  were 
found.  Complete  ka ryo types  of 2 females  are shown in 
Figures  1 and 2. The mos t  f r equen t ly  found female  and  
male  ka ryo type  were ident ical  to those  shown by  H s u  and 
BEI~IRSCHKE 3, excep t  for t he  morpho logy  of t he  Y 
chromosome  z. The mos t  c o m m o n  female ka ryo type  con- 
s is ted of 4 large, and 4 small  b i a rmed  chromosomes,  and a 
graded series of 44 acrocentr ic  e lements .  The mos t  com- 
mon  male ka ryo type  was 3 large and 4 small  b i a rmed  
chromosomes,  a medium-s ized  subte locent r ic  and  a 
graded series of 44 acrocentr ic  e lements .  

Briefly, this  po lymorph ic  sys tem involves a reciprocal  
var ia t ion  be tween  the  number  of b ia rmed  and acrocentr ic  
chromosomes.  In  females the  number  of large b ia rmed  
e lements  varies f rom 1 to 4 and in males f rom 1 to 3. 
Al though it appears  t h a t  the  X chromosome(s)  are in- 
volved in th is  po lymorph i sm,  t he  sex de te rmin ing  s y s t em 
seems to be the  classical X X / X Y .  

Since a medium-s ized  subte locent r ic  was  found  in all 
male  ka ryo types  (sample size = 42) and  such an e lement  
was never  found  in t he  ka ryo types  of females,  we believe 
the  subte locent r ic  to  be t h e  Y. This  e l emen t  is shown in 
the  par t i a l  ka ryo types  o{ 3 d i f ferent  males  (Figure 3, 
a, b, and  c). The  morpho logy  of one X is acrocentr ic  in a t  
least  1 case (Figure 1) as t h a t  female has only 1 large bi- 
a rmed  e lement  in the  g e n e r a l  size range of t he  m a m -  
mal ian  X.  H s u  and  BENIRSCHKE a indicate  t h a t  1 pa i r  of 
t he  large b i a rmed  e lements  is the  X chromosome.  I n  
Tables  I and  I I  t he  f requency  of large b i a rmed  elemelltS 
in t he  ka ryo types  of d i f ferent  geographic  samples  of t he  
plains woodra t  is presented .  The m a x i m u m  n u m b e r  of 
large b i a rmed  e lements  in females  is 4 ; however ,  t he  maxi -  
n u m  n u m b e r  of large b ia rmed  e lements  found  in males  is 
3 plus the  Y. These da t a  suggest  1 pai r  of t he  large bi-  
a rmed  e lements  in females  wi th  4 large b i a rmed  chromo-  
somes is t he  X chromosomes .  

Where  4 b i a rmed  e lements  are present ,  these  e lements  
are d i s t inc t ly  larger t h a n  the  largest  of t he  acrocentr ic  
elements2,3. W h e n  the re  is a reduc t ion  in t he  n u m b e r  of 
large b ia rmed  e lements  there  is a cor responding  increase 
in t he  n u m b e r  of acrocentr ic  ch romosomes ;  however ,  
there  are no acrocentr ics  as large as the  large b i a rmed  
chromosome(s) .  The same is found  in males; In  Figure 3 

4 R. J. BAKER, in Biology O] Bats (Ed. W. A, WIMSATT; Academic 
Press, New York), vol. I, in press. 

5 T. C. Hsu and F. E. ARmG~-II, Cytogenetics 7, 417 (1968). 

Figs. 1 and 2. Complete karyotypes of 2 female Neotoma micropus Baird. Note that the number of large biarmed chromosomes varies 
from 1 to 2. See tisu and B;ENIRSCHKE 3 for another karyotype of this species. Both specimens were collected from a natural population, 
1 mile south of Post, Garza Co., Texas. 

Fig. 3 (a, b, and e). Partial karyotypes of 3 mate Neotoma micropus showing the Y chromosome plus the 3 largest chromosomes of their 
respective karyotypes. All 3 specimens were collected from a natural population, 1 mile south of Post, Garza Co., Texas. 
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(a, b, and  c), pa r t i a l  ka ryo types  (the 3 largest  e lements  plus 
t he  Y) of 3 males  are presented .  Note  t he  d i sc repancy  be- 
tween  the  sizes of the  b i a rmed  and  the  acrocentr ic  ele- 
ments .  Also in some specimens  all of t he  b i a rmed  e lements  
seem to be the  same size; however ,  in some spec imens  
the re  is considerable  difference in the i r  size (Figure 3, c). 

Tables  I and  I I  summar ize  the  f requency  of d is t r ibu-  
t ion  of the  n u m b e r  of large b i a rmed  ch romosomes  f r o m  
the  localities s tudied.  Chromosomal  p o l y m o r p h i s m  
occurred in all popula t ions .  Also, spec imens  t aken  f rom 
the  same nes t  and  l i t t e r -mates  of the  same sex var ied in 
n u m b e r  of large b i a rmed  e lements  in the i r  somat ic  ceils. 

All 100 specimens  appeared  hea l t hy  wi th  no obvious 
pheno typ i c  differences among  them.  Fer t i l i ty  in females 
a p p a r e n t l y  was unaf fec ted  since p r e g n a n t  females  were 
found  to  have  ka ryo types  w i th  2, 3, and  4 b i a rmed  
chromosomes .  

Chromosomal  p o l y m o r p h i s m  ( in t rapopula t iona l  varia-  
tion) has  been  found in a va r i e ty  of m a m m a l i a n  species. 
The mos t  c o m m o n  t y p e  of such p o l y m o r p h i s m  is p robab ly  
the  Robe r t son i an  var ia t ion,  i.e., changes  in t he  diploid 
n u m b e r  bu t  no t  in the  f u n d a m e n t a l  n u m b e r  "-14. Ano the r  
t y p e  of p o l y m o r p h i s m  involves  supe rnumera ry  chromo-  
somes 15,1". The th i rd  t y p e  involves changes  of funda-  
men t a l  n u m b e r  b u t  no t  diploid4,17-21. In  Rattus ~ the  
longest  pa i r  of au tosomes  m a y  be acrocentr ic  or sub- 
te locentr ic ,  bu t  the  to ta l  length,  i r respect ive  of the  centro-  
mere  posi t ion,  remains  the  same. Thus,  the  mos t  logical 
i n t e rp r e t a t i on  is t h a t  a per icent r ic  invers ion was clearly 
involved.  

In  Neotoma micropus the  per icentr ic  inversion hypo-  
thesis  becomes  less a t t rac t ive .  Al though  one can a lways  
f ind a cor responding  n u m b e r  of long acrocentr ics  in 
specimens  w i t h  decreased n u mb er s  of large b ia rmed  
chromosomes ,  t he  lengths  of these  ex t ra  acrocentr ics  do 
no t  m a t c h  t h a t  of the  b i a rmed  elements .  Conversely,  the  
acrocentr ics  d id  no t  cor respond to  a single a rm of t he  bi- 
a rmed  e lements .  Possibly,  b o t h  invers ions  and t rans loca-  
t ions  were  opera t ive  here.  Ano the r  supposi t ion is t h a t  the  
d i sc repancy  in l eng th  is due to  degree of contract ion.  

The Pos t  popu la t ion  is s epa ra ted  f rom the  Brownsvil le  
popula t ion  by  ap p ro x i ma t e l y  500 air miles, f rom the  
H a r m o n  Co. popu la t ion  b y  150 air miles, f rom the  K e r m i t  
popula t ion  by  150 air  miles. Since p o l y m o r p h i s m  was 
found in all popula t ions ,  i t  is no t  an isolated local pheno-  
menon.  The wide  d i s t r ibu t ion  of popula t ions  exhib i t ing  
th is  p o l y m o r p h i s m  suggest  t h a t  the re  is na tura l  selection 
favor ing a polyrnorphic  ch romosomal  system.  The origin 
of such a s y s t em would of necess i ty  be qui te  old to explain  
its wide d is t r ibut ion .  Chromosomal  po lymorph i sm favored  
by  na tu ra l  selection has been  descr ibed in wh i t e - th roa t ed  
sparrows 22. 

Zusammenfassung. Die somat i schen  Chromosomen  von 
100 R a t t e n  (Wildf~nge), Neotoma micropus Baird  
(Cricetidae), zeigen ein n i ch t -Rober t sonsehes  poly- 
morphes  Sy s t em mi t  2 versch iedenen  homologen Chro- 
mosomenpaa ren .  Sic stel len 4 verschiedene R a t t e n -  
popu la t ionen  mi t  Po lymorph i smus  dar.  

Table 1. Total number of large biarmed chromosomes in karyotypes 
of females 

Locality Number of large biarmed elements 
0 1 2 3 4 Total 

A 0 1 4 7 15 27 
13 0 0 2 5 9 16 
C 0 0 0 2 9 11 
D 0 0 0 2 2 4 
Total 0 1 6 16 35 58 

% 0% 1.7% 10.3% 27,6% 60.4% 

Diploid number of all specimens was 52. 

Table II. Total number of large biarmed chromosomes in karyotypes 
of males (Y not included) 

Locality Number of large biarmed elements 
0 1 2 3 Total 

A 0 1 7 15 23 
B 0 i 10 3 14 
C 0 0 2 3 5 
D 0 0 0 0 0 
Total 0 2 19 21 42 

% 0% 4.8% 45.2% 50~176 

Diploid number of all specimens was 52. 
(A) 1 mile southeast of Post, Garza Co., Texas; (B) 18 miles east of 
Brownsville, Cameron Co., Texas; (C) 6 miles south of Kermit, 
Winkler Co., Texas; (D) 16 miles north of Hollis, Harmon Co., 
Oklahoma. 
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