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t he  same resu l t  was o b t a i n e d  w i t h  va l ine  as t h e  in- 
f i l t r a t ed  a m i n o  acid, t he  p h e n o m e n o n  is a p p a r e n t l y  no t  
u n i q u e  to  t he  g lu t amic  acid f ami ly  of a m i n o  acids. 
The  effect  of h y p o g r a v i t y  seems to  be  g rea te r  in  t he  case 
of g lu t amic  acid t h a n  t he  o the r  a m i n o  acids t e s t ed  b o t h  
in m a g n i t u d e  a n d  in t he  l inear  o u t p u t  i m m e d i a t e l y  a f t e r  
t r e a t m e n t .  I t  was  no t  necessa ry  to  sub jec t  t he  p l a n t s  to  
h y p o g r a v i t y  for a n y  l e n g t h  of t i m e  in order  to  p roduce  
t he  effect. If  n o r m a l  p l a n t s  were in f i l t r a t ed  w i t h  label led  
g l u t a m a t e  and  p laced  on  ho r i zon ta l  c l inos ta ts ,  a decrease  
in x4CO2 evo lu t ion  was no t iced  a t  t he  f i rs t  pe r iod  of 
m e a s u r e m e n t  10 ra in  later .  The  t o t a l  t i m e  requ i red  for  
t he  in j ec t ion  and  m o u n t i n g  on the  c l inos t a t  to  the  f i rs t  
m e a s u r e m e n t  requ i red  30 min.  U n d e r  our  cond i t ions  t h i s  
appea r s  to  be  ample  t ime  for t he  s u b s t r a t e  to  p e r m e a t e  
t he  symplas t .  Cons ider ing  t he  shor t  t i m e  invo lved  and  t he  
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Fig. 2. Comparison of 14CO2 produced from control and hypogravity 
plants after infiltrating (A) 5 btCi z-proline-U-l~U (specific activity 
198 mCi per mmole) and (B) 4 DCi L-valine-U-I4C (specific activity 
218 rnCi per mmole). The results are expressed on a fresh weight basis. 

a n t i c i p a t e d  d i lu t ion  of t he  i n f i l t r a t ed  a m i n o  acid b y  t he  
endogenous  pool, t he  a m o u n t  and  r a p i d i t y  of b r e a k d o w n  
is considerable .  

These  resu l t s  ind ica te  t h a t  d e c a r b o x y l a t i n g  sys t ems  are 
sens i t ive  to  h y p o g r a v i t y  effects a n d  m i g h t  offer a good 
index  for fu tu re  s tudies  on  t he  effects of h y p o g r a v i t y  on  
cel lular  me tabo l i sm.  The  resul t s  could be  due  to  effects 
on t he  enzymes  t hemse lves  or t h e  phys ica l  processes  
i nvo lved  in t h e  t r a n s f e r  and  release of t he  gas. The  produc-  
t i on  of e thylene ,  also a gas, in t o m a t o  p l a n t s  was  m a r k e d l y  
e n h a n c e d  b y  t l ypog rav i t y  ~, in  c o n t r a s t  to  our  resu l t s  w i t h  
x'CO2. This  suggests  t he  poss ib i l i ty  t h a t  t h e  enzymes  
invo lved  in t he  m e t a b o l i s m  of g lu t amic  acid or t h e i r  
r egu la t ion  u n d e r  h y p o g r a v i t y  cond i t ions  m a y  be  modi f ied  
f rom t h a t  in t h e  n o r m a l  p lan t .  Based  on ce r t a in  theo re t i ca l  
cons idera t ions ,  AUDUS 6 ha s  ca lcu la ted  t h a t  if on ly  a 
s l ight  d i s p l a c e m e n t  of par t ic les  is r equ i red  for g r av i t y  
percept ion ,  t h e n  m i t o c h o n d r i a  can  m o v e  t h r o u g h  a 
d i s t ance  of t h e i r  own  d i a m e t e r  in  6 min.  Such  m o v e m e n t  
or lack of m o v e m e n t  could t r a n s f o r m  the  i n t e rna l  cel lular  
e n v i r o n m e n t  r ap id ly  enough  to  o b t a i n  t he  resu l t s  
p re sen ted  in th i s  repor t .  

Zusammenfassung. L-Glut:amat-U-14C, L-Prolin-U-i4C 
und  L-Valin-U-l~C w u r d e n  in R i n g e l b l n m e n  (Tagetes 
patula) inj iz ier t ,  die sich in einer  G a s a u s t a u s c h k a m m e r  
be fanden ,  u n d  auf  senkrech te  u n d  w a a g r e c h t e  K l i n o s t a t e n  
mon t i e r t .  Menge und  B i ldungsgeschwind igke i t  des en t -  
s t e h e n d e n  14CO2 waren  s te t s  ger inger  in  den  schwerk ra f t -  
k o m p e n s i e r t e n  als in  den  u n t e r  n o r m a l e n  B e d i n g u n g e n  
g e h a l t e n e n  Pf lanzen .  
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C h r o m o s o m e s  of the African Ground Squirrel ,  Xerus  rut i lus  (Rodentia:  Sciuridae)  

Afr ican  g r o u n d  squi r re l s  of t he  genera  or subgene ra  
A tlantoxerus, Euxerus, Geosciurus, a n d  Xerus are genera l ly  
agreed  to  c o n s t i t u t e  a d i s t i nc t  group,  of a t  leas t  t r i ba l  
r ank ,  w i t h i n  t h e  s u b f a m i l y  Sc iur inae l -~ .  However ,  t h e i r  
r e l a t i onsh ips  to  o t h e r  g round  squirre ls  (Spermophilus) of 
t h e  t r i b e  M a r m o t i n i ,  a n d  to  t h e  long- toed  g round  squi r re l  
(Spermophilopsis leptodactylus) of Middle  Asia, are no t  
c lear ly  unde r s tood .  The  p r e s en t  r e p o r t  descr ibes  t he  
G i e m s a - b a n d  p a t t e r n s  of t he  ch r om os om es  of Xerus 
rutilus, compare s  t h e m  w i t h  t h e  ch r om os om es  of Spermo- 
phil@sis a n d  Spermophilus, and  eva lua te s  t he  re la t ion-  
ships  b e t w e e n  these  genera.  

Materials and methods. Seven  spec imens  of Xerus rutilus 
(Cre tzschmar)  ( 2&L 599) were col lected a t  Lake  Bar ingo ,  
n o r t h  of Naku ru ,  Kenya ,  Africa.  Chromosomes  were 
ana lyzed  f rom cell suspens ions  of femora l  bone  m a r r o w  5. 
Sk in  b iops ies  g rown ill t i s sue  cu l tu re  b y  Dr.  T. C. H s u ,  
M. D. A n d e r s o n  Hosp i ta l ,  Hous ton ,  Texas,  were  u t i l ized  
for ana lys i s  of G iemsa  b a n d i n g  p a t t e r n s  b y  t h e  m e t h o d  
of SEABRIGI-IT 6. 

Results. Xerus rutilus h a d  a 2n = 38 a n d  k a r y o t y p e  
composed  of 14 me tacen t r i e s ,  20 snbme tacen t r i c s ,  2 
ac rocen t r ics  w i t h  p r o m i n e n t  satel l i tes,  a med ium-s i zed  
s u b m e t a c e n t r i c  X a n d  a m i n u t e  b i a r m e d  Y c h r o m o s o m e  
(Figure 1). The  k a r y o t y p e  of X.  rutilus is i nd i s t i ngu i shab le  
f rom t h a t  r epo r t ed  for Spermophilopsis leptodactylus ~,8. A 
s c h e m a t i c  r e p r e s e n t a t i o n  of G-bands  f rom X. rutilus is 
dep ic ted  in F igure  2. Compar i son  of these  G - b a n d s  w i t h  

1 S. FRECHKOP, Bull. Mus. R. Hist. nat. Belg. 7932, 8. 
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(Brit. Mus. Nat. Hist., London 1940). 
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774 (1969). 
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those  of Spermophilus columbianus and  S. undulatus 9 
(2 n = 32) and  S. (Otospermophilus) beecheyi w i t h  2 n = 
38 (unpubl ished) ,  a species cons idered  to  r e t a i n  p r i m i t i v e  
charac te r i s t i c s  10, suggests  t h a t  on ly  3 c h r o m o s o m e  pai rs  
could poss ib ly  be  homologous .  Moreover,  sa te l l i ted  
ch romosomes  are  r e s t r i c t ed  to  X .  rutilus a n d  S. lepto- 
dactylus a n d  are no t  found  a m o n g  ti le k a r y o t y p e s  of o the r  
E u r a s i a n  a n d  N o r t h  A m e r i c a n  g round  squirrels .  

Discussion. The  g rea t  s imi l a r i t y  be tween  t he  chromo-  
somes of Xerus rutilus a n d  Spermophilopsis leptodactylus 
conf i rms  t he  p l a c e m e n t  of t he  l a t t e r  in  t he  t r i be  Xe-  
rini2,4, n r a t h e r  t h a n  i ts  a s s i g n m e n t  to  a d i s t i nc t  sub-  
family~e. Moreover,  t i le cons iderab le  di f ferences  be t w een  
ti le k a r y o t y p e s  of these  xer ine  g r o u n d  squir re ls  a n d  p r imi -  
t ive  m a r m o t i n e  g round  squirre ls  w i t h  2 n = 38 sugges t  t h a t  
t he  two  t r ibes  are no t  closely re la ted.  

These  d a t a  are  in  a g r e e m e n t  w i t h  t he  fossil  record  
reviewed b y  ]3LACK 13. The  ear l ies t  xer ines  (Heteroxerus) 
are ~ound in t he  la te  Oligocene of wes t e rn  Europe ,  whi le  
t he  ear l ies t  m a r m o t i n e s  (Miospermophilus) are  f rom t h e  
la te  Oligocene of W y o m i n g .  No fossil xer ines  are k n o w n  
outs ide  of wes t e rn  E u r o p e  a n d  Africa,  whi le  fossil ma r -  
mo t ines  (Spermophilinus) do no t  a p p e a r  in Europe  un t i l  
t h e  la te  Miocene, a l t h o u g h  t h e  pos i t ion  of t i le ear ly  Miocene 
(and poss ib ly  Oligocene) Palaeosciurus r ema ins  p rob lem-  
atical .  

The  p r e sen t  d i s t r i b u t i o n  of t he  t r i b e  Xer in i  is frag- 
m e n t e d ;  Geosciurus occurs  in s o u t h  and  s o u t h w e s t e r n  

Africa,  Euxerus in  t rop ica l  Africa,  Xerus  in n o r t h e a s t e r n  
Africa,  A tlantoxerus in  Morocco a n d  Algeria,  an d  Spermo- 
phil@sis in  R u s s i a n  T u r k e s t a n  an d  a d j a c e n t  A f g h a n i s t a n  
a n d  I r an .  Most  of t h e  genera  (or subgenera)  are d i s junc t  
f rom one ano the r ,  a n d  MOORE 4 bel ieves  t h a t  xer ines  are 
' in  t h e  c o n t r a c t i n g  phase  of t he i r  ev o l u t i o n . . . ' ,  in c o n t r a s t  
to  m a r m o t i n e s .  Whi l e  MOORE ~ suggests  in  one place 
(p. 195) t h a t  xer ines  m a y  h a v e  g iven  rise to  marmot ines ,  
he  also says  i t  is more  l ike ly  t h a t  m a r m o t i n e s  arose inde-  
p e n d e n t l y  f rom tree  squir re ls  (p. 197) ; our  resul t s  s u p p o r t  
t h e  l a t t e r  i n t e r p r e t a t i o n .  

Compar i son  of t h e  ch ro mo s o mes  f rom X .  rutilus w i t h  
o the r  E u r a s i a n  Sciur idae revea led  a s t r i k ing  s imi la r i ty  
w i t h  t h e  t ree  squi r re l  Dremomys rufigenis (Blanford)  f rom 
Vie t  N a m  (2 n = 38)24 The  k a r y o t y p e  of Dremomys 
e x h i b i t e d  2 more  pa i rs  of nea r ly  m e t a c e n t r i c  au tosomes  
t h a n  X .  rutilus an d  t h e  smal les t  pa i r  of au tosomes  in t he  
fo rmer  was ac rocen t r i c  or sub te locen t r i c  r a t h e r  t h a n  sub- 

9 C. F. NADLER, E. A. LYAPUNOVA and N. A. MALYGINA, Tsitologia, 
Leningrad 76, 248 (1974). 
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l l  B. S. VINOGRADOV, E. N. PAVLOVSKII and K. K. FLEROV, Zveri  

Tadzhikistana (Izd.: Akad. Nauk SSSR, Moscow 1935), 
12 S. I. OGNEV, Zveri SSSR i prilezhashchikh stran 4 (Izd: Akad. 

Nauk SSSR, Moscow 1940). 
13 C. C. BLACK, Evolut. Biol. 6, 305 (1972). 
14 C.  F. NADLER and R. S. HOFFMANN, Experientia 26, 1383 (1970). 

Fig. 1. Karyotypes of male (above) and female (below) Xerus 
rutilus (2 n = 38) from Kenya. Note acrocentric autosomes with 
satellites at lower left. 

Fig. 2. Schematic representation of G-band patterns in the chromo- 
somes of Xerus rutilus. Chromosome pairs possibly homologous with 
those of Spermophilus are underlined. 
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me tacen t r i c ;  the  sex ch romosomes  were similar  and b o t h  
t a x a  had  an ind is t inguishable  pa i r  of acrocentr ics  w i th  
p r o m i n e n t  satell i tes.  These data,  part icularlY the  com- 
m o n  occurrence of sa te l l i ted chromosomes ,  suggest  t h a t  
xer ine  ground  squirrels  and  cer ta in  Asian t ree  squirrels  
m a y  have  evolved f rom c o m m o n  ances t ra l  stock, a 
hypo thes i s  amenab le  to fu r the r  t es t ing  by  means  of G- 
band  compar isons .  

Final ly ,  t he  d iscovery  of 2 n - -  38 in xer ine  ground  
squirrels,  an old group t h a t  d iverged f rom o ther  squirrels 
ear ly  in its h is tory ,  lends suppor t  to our earlier pos tu la te  

t h a t  t he  a n c e s t r a l  ch romosome  c o m p l e m e n t  of the  sub,  
fami ly  Sciurinae was in t he  range  of 2 n = 38-4014. 

Bt~IBO~bl. XpoMocOMbI aqbpHKaHCKHX 3eMIIflHO~ 6eJIKH, 
Zerus rutilus, He OTJI14qatOTefl OT TOHKOIIaYIOFO cycJIHKa, 
Spermophilopsis leptodactylus, H3 CpeJIHOfi A3m4. t,(api4owHn 
c0/Iep~I4T 6 MeTatleHTpHqeCKI4X, 20 Cy6MeTatleHTpHqeCKHX, H 
2 a~(potieHTpHqeCKHX ayTOCOM C xopomo Bb~paa(eHm,[MH 
CHyTHHKaMI4. X-xpoNoc0Ma - MeTaI~eHTpgK; g-xpordocoMa- 
0qeHL MaJleHbKa~I. Kp0M0C0MHbL~ CXO~CTB0 0Ka3bIBaeT rl0]I- 
jlep>KKy )I:Ift BKJItOqeHH/t Spermophilopsis B TpH6y Xerini 
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G a m m a - R a d i a t i o n  Induced Variat ion in s o m e  Morpholog ica l  and Nutr i t ional  C o m p o n e n t s  of 
Cicer ar ie t inurn L. cv. Chhola 

All the  p reva len t  commerc ia l  cul t ivars  of Cicer arietinum 
L. in P a k i s t a n  possess a n  adequa te  nu t r i t i ve  value1 b u t  
are low-yielding and  suscept ible  to the  g ram pod-borer ;  
Heliothis armigera l-lb. This  s tudy  wi th  C. arietinum L. cv. 
Chhola has  assessed t h e  acute  g a m m a  rad ia t ion  effects  on 
the  morphologica l  and nu t r i t i ona l  pa ramete rs .  

Materials and methods. Seven 50 g seed lots of one year  
old Cicer arietinum L. cv. Chhola a t  9.4% mois ture  con ten t  
were given single y rad ia t ion  exposures  of 1.0, 2.0, 3.0, 
4.0, 5.0, 7.5 and  10.0 Ki loroen tgens  (klR) f rom a G~ 4500 
Ci source. An ex t ra  lot  served as t he  control .  

Nut r i t iona l  evaluat ion.  25 g seed samples  wi th  the  
respect ive  t r e a t m e n t s  were ground  on a micro sample  mill  
to pass t h rough  a 40 mesh  sieve size and  s tored at  4 ~ in 
a i r - t ight  containers .  S t anda rd  procedures  for mois ture  
and  KJELDAI-IL pro te in  2, sample  hydro lys is  ~ and amino 
acid analysis  a were adop ted .  Cyst ine  and  me th ion ine  were 
no t  ana lyzed  by  ox ida t ion  to  cysteic acid and me th ion ine  
sulfone. 

Morphological  evaluat ion.  F r o m  tile respec t ive  50 g 
i r rad ia ted  seed samples,  lots of 80 seeds for each t r e a t m e n t  
were sepa ra ted  and  immed ia t e ly  p l an t ed  in f lats  conta in-  
ing a s t eam steri l ized 2:1:1 mix tu re  of soil, sand and peat .  
The f lats  were kep t  in the  greenhouse  a t  t e m p e r a t u r e s  of 
29.4 ~ (day) and 18.3 ~ (night) i A r andomized  comple te  
block design was used wi th  4 repl icates  and  20 seeds were 
p l an t ed  for each t r e a t m e n t  and replicat ion.  Germina t ion  
and  seedling he igh t  were recorded 15 days  af ter  50% 

germina t ion  was observed  in the  control .  F r o m  this  da t a  
the  seedling pe r fo rmance  was der ived according to  the  
t echn ique  of OSBORNE and LUNDEN 5. 

Results and discussion. The morphologica l  da ta  for 
germinat ion ,  seedl ing he igh t  and  seedling pe r fo rmance  
(Table 1) has mani fes ted  g rowth  s t imula t ion  of var ied  
degrees as a consequence of seed i r radia t ion.  The germina-  
t ion  in all t r e a t m e n t s  was earlier and  higher  t h a n  the  
contro l  while seedlings were tal ler  in 1.0, 2.0 and 3.0 k R  
and  shor tened  f rom 5.0 kR. The seedling pe r fo rmance  
in te rpola t ions  5 depic ted  an increase f rom 1.0 to  4.0 k R  
wi th  a progressive decrease subsequent ly .  All compar i sons  
were signif icant  (p ~> 0.01). Ea r ly  ge rmina t ion  in t r ea ted  
seeds has been a p h e n o m e n o n  repor ted  and reviewed 
earlier by  Muj  EEB and  GREIG 6. In  Chhola th is  s t imula t ion  
cont inued  up to 10.0 k R  and  is mani fes ted  by  th is  t r a i t ' s  

1 K. A. MUJEEB, Experientia 29, 1426 (1973). 
2 Methods oJ Analysis, 11th edn. (Association of Official Agricultural 

Chemists, Washington 1970), p. 1015. 
3 D.H. WAGGLE, D.B. PARRISH and C.W. DEYOE, J. Nutr. 88, 370 

(1966). 
4 D.H. SPACKMAN, W.H. STEI~ and S. MOORE, Analyt. Chem. 30, 

1190 (1958). 
5 T.S. OSBORNE and A. 0. LUNDEN, Int. J. appI. Radiat. Isotopes 

10, 198 (1961). 
s K.A. MUJEEB and J.K. GREIG, Radiat. Bot. 13, 121 (1973). 

Table I. Mean values of some morphological growth characteristics of Cicer arietinum L. cv. Chhola as influenced by y-radiation exposures 
with characteristic/dosage correlations 

Characteristics a Dosage (kR) r for 

0 1 2 3 4 5 7.5 10 characteristic/dosage 

Germination 71 74 75 74 75 75 75 75 0.702 
Seedling height (cm) 6.8 7.2 7.2 7.1 6.8 6.1 5.8 5.7 -- 0.88 b 
Seediing performance 1.00 1.10 1.11 1.09 1.06 0.95 0.90 0.88 -- 0.84 b 

LSD 0.01 for germination = 2 ; seedling height = 0.2 ; seedling performance = 0.04. b Significant at p ~ 0.01. 


