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Fig. 1. H&ufigkeit embryonierter (�9 mid nieht embryonierter Eier 
(O) in der normalen Kreuzung C. p@iens <{ Hamburg,> ?9 x C. pipiens 
<~Hamburg~> c~6 nach R6ntgenbestrahlung der M~innchen mit Dosen 
zwischen 1 kR und 8 kR. 
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Fig. 2. H~iufigkeit embryonierter (O) und nicht embryonierter Eier 
(Q) in der inkompatiblen Kret!zung C. pipiens <~Hamburg, 99 • g. 
pipiens ~ Paris* ~d' nach RiSntgenbestrahlung der M/innchen mit Do- 
sen zwischen 1 kR und 40 kR. 

und es wurde geprfift, wie hoch der Anteil der nicht sicht- 
bar embryonierten Eier, d.h. der Synkarionbildung, ist 
und bei welcher Dosis die Aktivierungspotenz des Sper- 
miums verlorengeht. 

Die Eier werden als embryoniert  bezeichnet, wenn die 
Differenzierung vor dem Absterben der Embryonen fiber 
das Blastodermstadium hinaus fortgeschritten ist. Nicht 
embryonierte Eier sind solche, die keine sichtbaren Diffe- 
renzierungsmerkmale anfweisen, was auf Fehlen des Ent-  
entwicklungsanstosses oder ant Letali tgt  in frfihen 
Furchungsstadien zuriickgeffihrt werden kann. 

Figur 1 zeigt, dass in der normalen Kreuzung C. pipiens 
<~Hamburg>> 99 x C. pipiens <~Hamburg~> c~c~ die Zahl der 
nicht embryonierten Eier dosisabhXngig zwischen 0 kR 
und 8 kR yon 1,5% bis 90% ansteigt. Die dosisabhgngige 
Zunahme der nicht embryonierten Eier ist ein Mass ffir 
die Hgufigkeit, mit  der in ersten Furchungsstadien Letali- 
tgt  auftritt.  Die Zahl der emSryonierten Eier liegt bei allen 
Dosen unter 15 %. Hieraus folgt, dass die dominante Leta- 
litS, t in der F 1 einer normalen Kreuzung durch chromo- 
somme St6rungen in den ersten Furchungsteilungen be- 
dingt ist. In der unbestrahlten inkompatiblen Kreuzung 
C. pipiens <~Hamburg~> 99 • C. pipiens <,Paris~ d~ treten 
82,3% embryonierte, 17,6% nicht embryonierte Eier und 
etwa 0,1% fertile, parthenogenetische Weibchen auf. 
Sollten sich die letalen embryonierten Eier mit  Beteiligung 
des Spermiengenoms entwickeln, dann miisste nach Be- 
strahlung der Mgnnchen die Embryonierungsrate mit  
steigender Dosis absinken. Wie in Figur 2 gezeigt wird, 
liegt die Embryonierungsrate bis 20 kR, einer Dosis, bei 

der in normalen Kreuzungen 100% nicht embryonierte 
Eier vorliegen, konstant bei 78%. Dies zeigt, dass sich alle 
Embryonen einer inkompatiblen Kreuzung ohne Beteili- 
gung des Spermiums en~wickeln und bestgtigt frfihere 
genetische und cytogenetische Untersuchungen, bei denen 
nachgewiesen wurde, dass die letalen Embryonen haploid 
sind und durch induzierte meiotische Parthenogenese ent- 
stehen 7,s. Ab 20 kR finder in der inkompatiblen Kreu- 
zung eine Reduktion der Embryonierungsrate start, die 
bei 30 kR auf 57,15% und bei 40 kl~ auf 0% gesunken ist. 
Zwischen 30 klZ und 40 kR zeigen einzelne Gelege noch 
hohe, andere bereits sehr niedrige Embryonierungsraten 
(Tabelle). Dies kann darauf zurtickgefiihrt werden, dass 
die Spermien ab 30 kR ihre Aktivierungspotenz verlieren. 

Summary. After irradiating males of the incompatible 
cross C. pipiens 'Hamburg '  99 x C. pipiens 'Paris '  c~c~ with 
X-ray doses between 1 ktR and 40 kR, it could be shown 
that  in this cross the sperm has only the function of 
activating the egg. All the hybrid embryos develop from 
the haploid female pronucleus. 
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Simi lar i ty  in Karyotypes  of R a t t u s  r a t t u s  with  38 C h r o m o s o m e s  f r o m  India and other  Parts  of the 
World  

Until  the discovery of 38 chromosomes in Rattus rattus 
from S. America by BIANCHI et al.*, the diploid number of 
this species distributed all over the world was established 
to be 42. More reports on R. rattus with 38 chromosomes 
from different regions have since been published. All the 
specimens trapped in Australia, New Zealand and New 
Guinea=, an endemic population from isles of Gigilio in 
South Tuscany, I ta ly  a, a proportion of a population from 
a village near Cairo, Egypt  ~, in Honolulu, Hawaii 5, and in 
a South Brazilian population 6 have been found to possess 
38 chromosomes. We report in the present communication 

our findings of 2n = 38 in R. rattus from India and com- 
pare its karyotype with those of the same diploid number 
published by others. 

Twelve males and as many females of R. rattus wrough- 
toni Hinton trapped in Quilon and Ettumanore,  Kerala, 
had distinctly pale or white belly, whereas the two 
females of R. rattus rufescens procured from Majri collei- 
ries, Nagpur, had dark belly. According to ELLERMAN 7, 
white bellied rats are wild fornls of Rattus rattus and dark 
coloured ones commensals. Except  one female from Nag- 
pur, of which spleen and femoral marrow were cultured 
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in vitro,  f rom the  remain ing  individuals  the  slides were 
p repa red  f rom mar row in the  field, employ ing  igni t ion 
t echn ique  af ter  t r ea t ing  as usual w i th  colcemid,  sod ium 
ci t ra te  and  acetic  ac id-methanol .  Not  less t h a n  20 well 
spread  me taphases  were coun ted  f rom each indiv idua l  
for de te rmin ing  the  diploid number ,  which  was found  to  
be 38 in all of them.  Ten selected p la tes  were k a r y o t y p e d  
for each sex. 

The ka ryo types  of the  specimens  f rom Kera la  and 
Nagpur  have  been found to be similar  and are charac ter -  
ised (Figures 1 and 2) by  the  presence of 2 big pairs  of 
me tacen t r i c  chromosomes,  i be ing the  largest  in t he  
complement .  Apa r t  f rom these  the re  are 7 pairs  of small  
me tacen t r i c  (m); 3 pairs  of subte locent r ic  (st) and  6 pairs  of 
acrocentr ic  (t) chromosomes.  B o t h  the  sex chromosomes  
are acrocentr ic ,  the  X .being medium-s ized  bu t  no t  clearly 
d is t inguishable  f rom others  and Y, the  smal les t  in the  
complement .  The f irs t  2 metacen t r ics  are marker  chromo-  
somes, which are absen t  in the  ka ryo types  hav ing  diploid 
number  42. In  t he  la t ter ,  there  are 4 pairs of acrocentr ics  
more, as compared  to the  ka ryo type  wi th  38 chromo-  
somes. The reduc t ion  has, therefore,  been  achieved by  
Robe r t son ian  mechan i sm of fusions of acrocentrics.  The 
ka ryo type  observed by  us is exac t ly  s imilar  to the  ones 
r epor ted  by  o t h e r s  wi th  same n u m b e r  of chromosomes  
f rom di f ferent  regions of the  world. The occurrence of such 
a s table  k y r y o t y p e  in far apa r t  popula t ions  of R.  rat tus  
poses a ve ry  obvious ques t ion  of the i r  mu tua l  relat ion- 
ships.  

All the  individuals  h i the r to  r epor ted  f rom Oceanian or 
S. Amer ican  countr ies  are found to have  only 38 chromo-  
somes wi th  no except ions.  But  in Egyp t ,  individuals  wi th  
38 and  42 chromosomes  are found wi th in  a popula t ion  of 
the  subspecies R.  ra t tus  rat tus .  In  India,  we have  observed 
t h a t  individuals  f rom sou thern  regions, which  are describ- 
ed as R.  r. wrough ton i  and  R.  r. ru fescens ,  have  38 chromo-  
somes, whereas  in t he  no r the rn  p a r t  of t he  coun t ry  the  
widely d i s t r ibu ted  R .  ra t tus  ru /escens  has 42 chromo-  
somes. The d is t inc t ion  be tween  subspecies is made  on the  
basis of coat  colour which  is so over lapping  a fea ture  t h a t  
it  becomes diff icult  to  ascer ta in  the  subspecies s ta tus ,  
par t icu lar ly  in the  main  lands wi th  no obvious barr ier  
be tween  di f ferent  subspecies.  We  have  no knowledge of 
ch romosome complemen t  of individuals  where  2 types  of 
ka ryo types  are expec ted  to  mee t  and hybridize.  However ,  
the  compa t ib i l i ty  of hybr ids  be tween  38 and 42 chromo-  
somes s tudied  in l abora to ry  by  YOSIDA et al.2 does suggest  
the  possibi l i ty  of exis tence of a s imilar  s i tua t ion  in na ture  
also. The coexis tence of 2 types  of ka ryo types  wi th  38 and 
42 chromosomes  wi th in  a popula t ion  or in cont iguous 
populat ions ,  indicates  t h a t  ne i ther  of the  ka ryo types  
suffer f rom any  d i sadvan tage  agains t  the  other.  I t  is of 
course diff icult  to  f ind out  advantages ,  if any, of one type  
over  the  other.  Fami ly  Muridae, of which R a t t u s  is the  

mos t  prolific genus, or iginated only recent ly  in the  
t ropics  of t he  Old W o r l d s  Hence,  the  p reponderance  of 
2n  = 42 in R.  ra t tus  t h roughou t  Asia t ends  to show the  
n u mb er  as t he  original one. According tO'ELLERMAN~, 
2 mos t  closely re la ted  species of R.  ra t tus  are R.  rat toides  
and R.  n i t i dus ,  occupying the  same environs  as R.  rat tus .  
A few individuals  of R.  rat toides and 1 female of R.  n i t i d u s  
s tudied  by  us have  also been found to possess no t  only  
42 chromosomes  bu t  also near ly  similar  ka ryo types  9,10 

Besides ex tens ive  p o l y m o r p h i s m  of cer ta in  chromo- 
somes in R.  rattus11,12 and  var ia t ions  in ch romosome  
n u mb er  of Rober t son ian  type  wi th  38~-6, 10 or 54 to 60 
chromosomes  ~, there  are h igh ly  in te res t ing  repor t s  of a 
unique p h e n o m e n o n  in which  individuals  in good pro- 
por t ion  of popula t ions  possess non -Robe r t son i an  t y p e  of 
numerica l  var ia t ions  10,13,14. In  the  la t te r  case, individuals  
wi th  41, 42, 43, 44, 46 or 48 chromosomes  are repor ted .  
Since such a great  f luc tua t ion  occurs in the  ch romosome  
complemen t s  of R.  ra t tus  it  is a p p a r e n t  t h a t  its ka ryo type  
(s) is in an act ive process of evolving def ini te  p a t t e r n s  
t h rough  di f ferent  pa thways .  The 2 n = 38 is one such s table  
ka ryo type  evolved by  Robe r t son ian  mechan i sm which  by  
chance,  or pe rhaps  because of cer ta in  advan tageous  
dispersal  capaci ty ,  could move to newer  places and  rap id ly  
f lourished where  no compe t i to r  to  share the i r  niches was 
presence as in the  new world and  Oceania.  CAPANNA et al. a 
bel ieve t h a t  the  dispersal  of these  ra t s  m u s t  have  been  
caused by  h u m a n  agencies. YOSIDA et al. 5 even pos tu la te  
t he  possible migra t ion  of these ra ts  f rom Europe.  How-- 

1 N. O. BIANCHI, J. PAULETE-VANRELL and L. A. DE VIDAL RIOJA, 
Experientia 25, 1111 (1969). 

2 T. H. Yosli)A, K. TSUCmYA, H. IMAI and K. MORIWAKI, Jap. J. 
Genetics 44, 89 (1969). 

3 ]~. CAPANNA, M. V. CIVITELLI and R. NEZER, Experientia 25, 422 
(1970). 

4 F. M. BADR and R. S. BADR, Chromosoma 30, 465 (1970). 
5 T. H. YOSIDA and K. TSUCHIYA, A. Rep. hath. Inst. Genet., Misima 

20, 14 (1969). 
6 j .  PAX~LETE-VANRELL, Mammalian Chromos. Newsletter 11, 99 

(1970). 
7 j .  R. ELLERMAN, Fauna of India, Mammalia (Ed. M. L. ROONWAL; 

Publications Division, Delhi 1961), vol. 3, part 2. 
s G. G. SIMPSOn, Bull. Am. Mus. nat. Hist. 85, 208 (1945). 
9 S. P. RAY-CHAUDHURI and S. PATHAK, Mammalian Chromos. News- 

letter 17, 135 (1970). 
x0 T. S~ARMA and RAJIVA RAMAN, Mammalian Chromos. Newsletter 

12, 112 (1971). 
11 T. H. YOSIDA, A. NAKAMURA and T. FUKAYA, Chromosoma 16, 70 

(1965). 
12 T. H. YOSIDA, K. TSUCHIYA and K. MORIWAKI, Chromosoma 33, 

30 (1971). 
13 H. S. YONG and S. S. D~IALIWAL, Mammalian Chromos. Newsletter 

11, 30 (1970). 
14 A. GROPP, J. MARSHALL, G. FLATZ, M. OLBRISCH, K. MANYANONDnA 

and A. SANTADUSlT, Z. S/iugetierk. 35, 363 (1970). 

Fig. 1. The karyotype of male of Rattus ra#us wroughtoni. • 2,000. Fig. 2. The karyotype of female of Rattus rattus ru]escens (?). • 2,000. 
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ever ,  in  t h e  l i g h t  of  r e p o r t  of  s u c h  r a t s  f r o m  As ia ,  t h e  
p o s t u l a t e  of  YOSlDA e t  al. 5 l o o k s  r a t h e r  p r e m a t u r e .  
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O c e a n i a  a n d  t h e  N e w  W o r l d  o r  E u r o p e ,  i t  a p p e a r s  t h a t  
t h e  p r e s e n c e  of  s u c h  r a t s  in  A s i a  m a y  n o t  b e  o n l y  a n  o u t -  
c o m e  of a n y  m i g r a t i o n  b u t  one  of  t h e  f i n a l i t i e s  a c h i e v e d  
in  t h e  p r o c e s s  o f  k a r y o t y p e  e v o l u t i o n  i n  t h e  m a i n  l a n d  of  
i t s  o r ig in .  
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N o t e  a d d e d  in  t h e  p r o o f :  A n u m b e r  of  r e p o r t s  o n  2n  = 
38 R. rattus f r o m  d i f f e r e n t  p a r t s  of  t h e  w o r l d  h a v e  a p p e a r -  
ed  s i n c e  t h e  a c c e p t a n c e  of  t h i s  paper !5-19 .  R e c e n t l y  Y o -  
SIDA a n d  SAGAI 2~ h a v e  a l so  r e p o r t e d  a 2 n  - -  38 for  R .  r. 
ru/escem t r a p p e d  in  I n d i a .  

Zusammen/assung. C h r o m o s o m e n  y o n  12 M ~ n n c h e n  
u n d  12 W e i b c h e n  y o n  Rattus rattus wroughtoni sowie  2 
W e i b c h e n  y o n  Rattus rattus w u r d e n  u n t e r s u e h t  u n d  es 
w u r d e n  t ibe ra l l  38 C h r o m o s o m e n  g e f u n d e n ,  v e r u r s a c h t  
d u t c h  R o b e r t s o n i s e h e  V e r b i n d u n g  v o n  4 a k r o z e n t i s c h e n  
P a a r e n  v o n  Rattus rattus m i t  42 C h r o m o s o m e n .  

~AJIVA RAMAN a nd  T. SHARMA 21 

Cytogenetics Laboratory, Department o/Zoology, 
Banaras Hindu University, 
Varanasi-5 (India), 8 September 7977. 

C o n t r o l  o f  S e l e c t i v i t y  a n d  I o n  F l u x e s  i n  B e a n  H y p o c o t y l s  

A m o n g  t h e  v a r i o u s  p r o c e s s e s  i n v o l v e d  in  t r a n s p o r t  of  
i o n s  f r o m  t h e  x y l e m  s a p  i n t o  s h o o t  t i s s u e s ,  s p e c i a l  a t t e n -  
t i o n  w a s  u s u a l l y  g i v e n  t o  t h e  ' f i l t e r i n g '  of  s o d i u m  o u t  of  
t h e  s a p  a n d  to  t h e  c o n s e q u e n t  r e d u c t i o n  is s o d i u m  t r a n s -  
p o r t  i n t o  t h e  u p p e r  p a r t s  o f  s h o o t s  1-s. H o w e v e r ,  a l t h o u g h  
t h i s  p h e n o m e n o n  w a s  w i d e l y  d e s c r i b e d ,  v e r y  l i t t l e  is 
a c t u a l l y  k n o w n  of  t h e  m e c h a n i s m s  w h i c h  c o n t r o l  i t .  F r o m  
t h e  l i t t l e  i n f o r m a t i o n  we  h a v e ,  i t  s e e m s  t h a t  t h e  m e c h a n -  
i s m s  w h i c h  g e n e r a t e  i on  t r a n s p o r t  i n  b e a n  h y p o c o t y l s  
a re  d i s t i n c t  a n d  d i f fe r  f r o m  t h o s e  w h i c h  c o n t r o l s e l e c t i v i t y %  
R u b i d i u m ,  as  we l l  as  m o s t  of  t h e  s o d i u m ,  is t r a n s p o r t e d  
i n t o  h y p o c o t y l  s l i ces  b y  m e a n s  of  a n o n - m e t a b o l i c  p r o c e s s  
w h i c h  is u n a f f e c t e d  b y  t e m p e r a t u r e  c h a n g e s .  O n  t h e  o t h e r  
h a n d ,  s e l e c t i v e  a c c u m u l a t i o n  of  s o d i u m  is  t e m p e r a t u r e -  
d e p e n d e n t  a n d  is p r a c t i c a l l y  a b o l i s h e d  u n d e r  low t e m p e r -  
a t u r e  c o n d i t i o n s .  I n  m o s t  of  t h e  c a s e s  r e p o r t e d ,  t h e  
p r o c e s s e s  g o v e r n i n g  t r a n s p o r t  a n d  s e l e c t i v i t y  we re  
c h a r a c t e r i z e d  b y  t h e i r  r e s p o n s e s  t o  e n v i r o n m e n t a l  c o n d i -  
t i o n s .  I n  t h e  f o l l o w i n g  i n v e s t i g a t i o n ,  a t t e m p t s  w e r e  m a d e  

to  c l a r i f y  w h a t  e f f ec t s  v a r i o u s  p l a n t  o r g a n s  h a v e  o n  i on  
u p t a k e  a n d  i on  s e l e c t i v i t y  b y  e x c i s e d  b e a n  h y p o c o t y l s .  

B e a n  p l a n t s  (Phaseolus vulgaris c .v .  B r i t t l e  w a x )  w e r e  
u s e d  in  t h e  f o l l o w i n g  e x p e r i m e n t s .  S e e d s  w e r e  s o a k e d  in  
w a t e r ,  g e r m i n a t e d ,  a n d  s e e d l i n g s  Were g r o w n  a n d  t r e a t e d  
as  d e s c r i b e d  p r e v i o u s l y  9. R o o t s ,  c o t y l e d o n s  o r  b u d s  w e r e  
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Effect of excision of various organs on uptake of sodium and rubidium by bean hypocotyl slices 

Uptake solution 1 m M  NaC1 1 m M  RbC1 0.5 m M  Na*C1 + 0.5 m M  Rb*C1 + 
Treatment  0.5 m M  RbC1 0.5 m M  NaC1 

a) 

Control 0.055 • 0.005 0.018 • 0.004 
Roots excised 0.033 i 0.004 0.018 ~ 0.003 

b) 

Control 0.057 • 0.005 0.024 • 0.002 
Cotyledons exeized 0.057 ~- 0.005 0.016 -~ 0.005 

c) 

Control 0.049 -t- 0.007 0.027 -E 0.004 
--  roots 0.033 4- 0.009 0.024 • 0.003 
--  cotyledons 0.058 • 0.005 0.019 • 0.0005 
--  buds 0.051 4- 0.007 0.019 -t- 0.002 
--  cotyledons and buds 0.047 == 0.004 0.018 -4- 0.003 

0.023 ~ 0.004 0.008 ~ 0.002 
0.017 =L 0.003 0.010 -1- 0.002 

0.023 ::L 0.005 0.009 :~ 0.003 
0.026 • 0.003 0.007 :~ 0.001 

Data denote non-exchangeable fraction in/xmol/g fresh wt. =i= SD; 30 ~ C. 


