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C h r o m o s o m e  Variat ions  in the Plains  Woodrat:  A Pericentric  Invers ion  Invo lv ing  
Consti tut ive Heterochromat in  t 

Malay m a m m a l i a n  taxa,  par t icu lar ly  the  Cricetid 
rodents ,  have  vary ing  number s  of ch romosome  arms bu t  
cons t an t  diploid numbers .  For  example,  all the  species 
of the  genus Peromyscus (deer mice) have  a diploid num- 
ber  of 48 b u t  the i r  number s  of ch romosome arms range 
f rom 56 (e.g., P. boylei) to 96 (e.g., P. eremicus) 2. In  
woodrats ,  genus Neotoma, a similar  bu t  less ex tens ive  
var iab i l i ty  is found ~ bu t  the  s tr iking fact  is t h a t  the  
var iab i l i ty  somet imes  occurs among  individuals  belonging 
to the  same species or even the  same popula t ion .  If  every  
individuals  in a t a x o n  displaying th is  t ype  of non-Ro-  

a) G-band patterns of 
the sex chromosomes 
and of the 3 alternative 
morphologies of tile au- 
tosome responsible for 
the observed karyoty- 
pic variations in speci- 
mens of N. micropus, b) 
G-band patterns of the 
sex chromosomes and 
the 4 observed configu- 
rations of the polymor- 
phic pair. From top to 
bottom, the number of 
each combination ex- 
amined was: 2,3,9,3. 

bertsonian chromosome variation has the same amount 
of chromatin, then the changes in number of chromosome 
arms must have occured through pericentric inversions 
or through highly unequal reciprocal translocations. Such 
mechanisms should also give rise to distinctive meiotic 
anomalies but these have not been found 4. 

Recently, several new karyological procedures, includ- 
ing heterochromatin staining (C-banding) and Giemsa 
banding (G-banding) have significantly furthered our 
understanding of these perplexing problems. Several 
investigators 5-~ have demonstrated that in Peromyscus 
every short arm is herochromatic and more recently 
PATHAK et al.8 showed that the G-band patterns of the 
euchromat in  in di f ferent  species of Peromyscus were 
essential ly the  same even though the  to ta l  a rm n u mb er s  
in these  species differed drast ical ly.  These au thors  con- 
cluded t h a t  the  ka ryo typ ic  changes  in Peromyscus were 
due main ly  to the  addi t ion  (or deletion) of he te rochromat i c  
ch romosome arms and  t h a t  per icentr ic  inversions were 
less (if a t  all) involved.  

BAKER et. al. 9 examined  100 individuals  of the  Pla ins  
Woodra t ,  Neotoma micropus, Baird,  and learned t h a t  
there  exis ted  a reciprocal  re la t ionship  be tween  the  
n u m b e r  of b i a rmed  and  acrocentr ie  chromosomes ,  such 
t h a t  the  diploid n u m b e r  was invar iab ly  52. The n u m b e r  
of large b i a rmed  e lements  (including, for t he  sake of 
simplici ty,  the  s o mew h a t  smaller  Y in males) var ied f rom 
2 to  4 in 4 separa te  popula t ions .  One female had  bu t  a 
single large b ia rmed  chromosome.  The fact  t h a t  acro- 
centr ics  large enough to be considered invers ion p roduc t s  
could no t  be found  in individuals  hav ing  less t h a n  4 large 
b ia rmed  chromosomes  lead these  au thors  to  the  con- 
s idera t ion  t h a t  mechan i sms  o ther  t h a n  s t r a igh t fo rward  
per icentr ic  inversions were responsible  for th is  var ia t ion.  

We examined  C-band and  G-band  p repara t ions  f rom 
17 specimens  of N. micropus and  found t h a t  an invers ion 
was a lmost  cer ta in ly  one of the  events  con t r ibu t ing  to 
the  ka ryo typ ic  he te rogene i ty  of this  species and  t h a t  
th is  he te rogene i ty  is s o m e w h a t  more  complex  t h a n  
previous ly  described.  

The X chromosome  of th is  species is usual ly a large 
metacen t r i c  and the  Y is a cons iderably  smaller  sub- 
te locentr ic  chromosome.  In  C-band prepara t ions ,  i a rm 
of the  X and  the  ent i re  l eng th  of the  Y exhib i ted  he tero-  
ch romat i c  s ta in ing behav ior  (Figure a). The 2 largest  
au tosomes  are po lymorphic .  They  m a y  be b i a rmed  wi th  
a long and  a shor t  a rm or t h e y  m a y  be acroeell tr ic wi th  a 
l eng th  equiva len t  to t he  to ta l  legth  of the  b i a rmed  
element .  C-band p a t t e r n s  ind ica ted  t h a t  the  shor t  a rm of 
the  b ia rmed  chromosome and  the  p rox imal  1/4 of the  
acrocentr ic  ch romosome were he t e roch roma t i c  (Figure a). 
Thus  3 types  of individuals  could be d is t inguished wi th  
respec t  to the i r  two largest  au tosomes :  those  wi th  2 
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b ia rmed  chromosomes ,  those  wi th  1 b i a rmed  and  1 
acrocentr ic  chromosome,  and those  wi th  2 acrocentr ic  
chromosomes .  In  3 cases, a four th  t y p e  was no ted  in 
which  the re  were  2 b i a rmed  ch romosomes  bu t  one (a sub- 
telocentric) h a d  a d is t inc t ly  shor te r  second a rm t h a n  
the  o ther  (a submetacent r ic ) .  The ch romosome  wi th  t he  
shor te r  second a rm appa ren t l y  arose f rom a deletion,  
since the  missing he t e roch roma t in  was no t  found  t rans -  
located  to  any  o ther  ch romosome  of the  complemen t .  

G-bands  revealed d is t inc t  homologies  be tween  the  2 
largest  au tosomes  in every  case. The only regions no t  
m a t c h i n g  band - fo r -band  were those  regions t h a t  had  
s ta ined pos i t ive  for cons t i tu t ive  he te rochromat in .  Figure  
b i l Iustrates  the  G-band  p a t t e r n s  of the  sex chromosomes  
and  the  4 conf igura t ions  of the  po lymorph ic  pai r  t h a t  
were observed  by  us. 

We in t e rp re t  the  C-band and G-band  p a t t e r n s  of t he  
he t e romorph ic  au tosomal  pai r  as clear indica t ions  t h a t  
t he  large submetacen t r i c  and  the  large acrocentr ic  
ch romosomes  are homologous  except  t h a t  one has sus- 
t a ined  a per icentr ic  invers ion in the  region conta in ing  
cons t i tu t ive  he t e rochromat in .  G-bands  and  C-bands  
themse lves  give no indica t ion  as to which form gave rise 
to  the  o ther  bu t  cer ta in  bi ts  of c i rcumstan t ia l  evidence 
indica te  t h a t  the  ances t ra l  form is the  submetacen t r i c  
form. First ,  the  fact  t h a t  in Peromyscus, 2VIesoericetus, 
Dipodomys 5,~~ to ta l ly  he te rochromat i c  shor t  a rms are 
a b u n d a n t  w i thou t  any  evidence for per icent r ic  invers ions  
suggests  t h a t  the  ma jo r i t y  of even ts  involving hetero-  
ch roma t in  are addi t ions /de le t ions  or poss ibly  t rans loca-  
t ions.  Second, one of us ( JWW) has examined  over  
400 N. micropus karyological ly and  found  t h a t  the  n u m b e r  
of individuals  homozygous  for t he  submetacen t r i c  form 
of the  po lymorph ic  ch romosome  was grea ter  (by over  
20%) t h a n  the  n u m b e r  of he te rozygous  individuals  and 
more  t h a n  3 t imes  as grea t  as t he  n u m b e r  of individuals  
homozygous  for t h e  acrocentr ic  form. This indica tes  t h a t  
the  acrocentr ic  form m a y  be less desirable and  would be 

expected,  if t he  p l acemen t  of h e t e ro ch ro ma t i n  nex t  to 
genes in t he  euch roma t in  has  induced  adverse  posi t ion 
effects. Third,  N. micropus and  N./loridana appear  to be 
ve ry  closely re la ted  (morphological ly  and karyologicMly) 
and p ro b ab l y  have  had  a common  ances tor  3,u,1~. Since 
the  ka ryo types  of N. floridana and  individuals  of N. mi- 
cropus with  the  two large submetaeen t r i c  au tosomes  are 
identical ,  i t  seems logical to  infer t h a t  t he  submetacen t r i c  
is the  ances t ra l  form and t h a t  the  subte locent r ic  and 
acrocentr ic  forms are recent  der iva t ives  of it. 

Rdsumd. Les bandes  C et  G des f ivroblas tes  en cul ture 
de Neotoma micropus, Baird  (le Plains  Woodra t ) ,  
i nd iquen t  que la base de la var ia t ion  ch romosomique  
de ce t te  esp6ce est  une invers ion p6r icent r ique  compre-  
n a n t  un bloc d ' h6%rochroma t ine  const i tu t ive .  On t rouve  
aussi  ehez ce t te  espgce une ra ture  encore non-d6cri te  
a f f ec tan t  une par t i e  de ce m~me bloc. 
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A Sequential Caffeine-Cystein Treatment and Enhanced Radioprotection of Vicia faba Chromosomes 

Recen t  s tudies  reveal  tha t ,  in add i t ion  to  radical  scav- 
enging, cys te in  has a more  i m p o r t a n t  b iochemical  com- 
p o n e n t  to its p a t h w a y  of r ad iopro tec t ion  1-3. Caffeine 
(1.3, 7 t r i m e t h y l x a n t h i n e )  is cur ren t ly  gaining impor t ance  
as a radiosens i t izer  of y- and x - ray- induced  damage  in a 
wide range of ac t ively  metabol iz ing  tes t  sys tems  4, 5; how- 
ever, in d ry  bar ley  seeds KESAVAN et al. 6 have  recent ly  
found  t h a t  i t  e f fect ively  decreases  the  m a g n i t u d e  of pos t -  
i r rad ia t ion  o x y g e n - d e p e n d e n t  damage.  There  are also a 
few repor t s  to  t he  effect  t h a t  caffeine has ne i ther  a sensi- 
t iz ing nor  a p ro tec t ive  act ion ~, s. The radiosensi t iz ing ac- 
t ion  of caffeine has  been in t e rp re t ed  as due to  its inhibi-  
t ion  of e i ther  t h e  repa i r  repl ica t ion"  or a repair  process 
confined to the  repl ica t ive  synthes is  10, 11. 

Since metabol ic  effects of a r ad iopro tec to r  m a y  be ex- 
pec ted  to be an t i the t i c  to  t h a t  of a radiosensi t izer ,  we ini- 
t i a t ed  a series of s tudies  to inves t iga te  t he  mode  and  
magn i tude  of modu la t ion  of g a m m a  ray- induced  chromo-  
somal  aber ra t ions  in Vicia/aba pre- and pos t - t r ea t ed  wi th  
cys te in  and caffeine separate ly ,  sequent ia l ly  or b o t h  si- 
mul taneous ly .  The resul ts  p resen ted  here show t h a t  a 
t r e a t m e n t  w i th  caffeine appl ied  before i r radia t ion,  and 
cys te in  i m m e d i a t e l y  af terwards ,  gives grea te r  p ro tec t ion  
t h a n  cys te in  alone to chromosomes  i r r ad ia ted  at  the  G 1 
stage of in terphase .  

Materials and methods. Solut ions (5 X 10-3M) of caffeine 
and  cys te in  separa te ly ,  as well as a m ix tu r e  of these  in 

equimolar  concent ra t ion ,  were used for t r ea t ing  the  act ive-  
ly growing secondary  roots  of Vicia/aba at  25 ~ for 2 h. 
The roots  were sub jec ted  to a to ta l  dose of 200 R 7-rays 
(3680 Ci6~ at  a dose-ra te  of 38.5 R/sec.  The p re - t r ea t -  
merit  solut ion were r emoved  immed ia t e ly  af ter  i rradia-  
t ion and the  roots  were washed  in runn ing  wa te r  before 
placing t h e m  in the  respect ive  p o s t - t r e a t m e n t  solut ions 
for 2 h. The t ime  elapsed be tween  i r rad ia t ion  and  pos t -  
t r e a t m e n t  was less t h a n  10 min. Roots  following all t rea t -  
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