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Flor ida:  Duva l  Co., 1.0 mi. N W  Bayard ,  1 $ (TTU 16619), 
1 ~ (TTU 16620). 

Geomys pinetis mobilemis - Flor ida :  Okaloosa Co., 
0.5 mi. "W coun ty  line on Hwy.  90, 1 $ (TTU 16630). 

Geomys pinetis pinetis - Georgia:  Camden Co., Kings-  
land, 1 9 (TTU 16638); Georgia:  Camden Co., 5.9 mi. W 
St. Marys,  1 $ (TTU 16641). 

Summary .  4 of t he  5 subspecies of Geomys pinetis were 
ka ryo typed .  All specimens  examined  had  a diploid 

n u m b e r  of 42 and a f u n d a m e n t a l  n u m b e r  of 80. This 
ka ryo type  was compared  w i t h  tile descr ibed ka ryo typcs  
of o the r  species of Geomys and  was considered to be 
der ived f rom an ances tora l  fo rm hav ing  a k a r y o t y p e  of 
abou t  70 acrocentr ic  e lements .  

S. L. WILLIAMS and  H. H. GENO'vVAYS 

The Museum,  Texas Tech University, P.O, Box  4499, 
Lubbock (Texas 79409, USA) ,  2 June  1975. 

Mitot ic  Act iv i ty  of E n d o p o l y p l o i d  R o o t  Cells  in Al l ium cepa 

The cellular d i f ferent ia t ion  m a y  be in t e rp re t ed  as a 
control led process  t h rough  which  cells w i th  the  same 
genet ic  charge reach  d i f ferent  pro te in  const i tu t ions .  In  
this  sense one of the  genet ic  pa t t e rns  responsible  for cyto-  
d i f ferent ia t ion  is the  different ial  dupl icat ion of the  chro-  
mosome mater ia l .  Bo th  in an imal  and in p l an t  develop-  
ment ,  somat ic  po lyp lo idy  goes wi th  the  d i f ferent ia t ion  of 
m a n y  cells 1 a. In  addi t ion,  polyploidizat ion of di f ferent-  
iated cells is in m a n y  cases produced  th rough  an endo-  
polyploid  process4, K In the  course of cytological  s tudies  
on Al l ium eepa meris tems,  marked  differences of size 
be tween  tile cell nuclei  in a same root  m a y  be observed 
which migh t  indicate  a polyploidizat ion of cer ta in  cells 
as r epor ted  in o the r  species of Al l ium 6. 

The aim of the  p resen t  s t u d y  is a f irst  approach  to the  
problem of cy tod i f fe ren t ia t ion  by  endopolyp lo idy  f rom 
diploid mer i s t emat ic  cells, examining  the  chromosome 
cons t i tu t ion  of polyploid ceils of Al l ium cepa roots  which  
have  been exper imen ta l ly  induced to divide. 

Materials and methods. A l l ium cepa L. root  mer i s tems  
were used. Onion bulbs  were grown in the  dark  a t  cons t an t  
t empera tu re  (25~ wi th  t ap  water  renewed every  24 h 
and con t inuous ly  aerated.  Roots  f rom several  bulbs 
were fixed in 3:1 e thanol -ace t ic  and the  specimens  were 
p repared  by  s ta in ing the  squashes  wi th  ace tohydrochlor ic  
orcein. 

Roots  were inmersed  for 10 min in a solut ion of t h y m -  
idine (Schuchardt)  d i luted wi th  t ap  water  a t  a concent ra -  
t ion of 5 mg/ml  and then  allowed to recover  in renewed  
tap  water .  Several  roots  f rom each bulb were excised a t  
in tervals  of 2 h, t h r o u g h o u t  4 h recovery  from t r ea tmen t s .  
In  order  be t t e r  to separa te  the  me taphase  chromosomes ,  
the  excised root  t ips  were submerged  in a 1 m g / m l  
colchicine (Sigma) solut ion for 1 h before f ixat ion.  The 
cul ture condi t ions  a i ready  descr ibed were ma in ta ined  
t h r o u g h o u t  the  exper iments .  

Results and discussion. In  all Al l ium cepa bulbs s tudied,  
the  mer i s t emat ic  cells f rom the  control  roots  exh ib i ted  
before the  beginning of exper iments  normal  ch romosome  
cons t i tu t ion  : 2n = 16 chromosomes.  The root - t ips  t rea ted ,  
washed  and  inmersed  in aera ted  t ap  water ,  show- cells 
wi th  4n nuclei a t  3 to  5 h (after co lchic ine- t rea tment ) .  

Most  of the  cells blocked in m e t a p h a s e  - t r e a t m e n t  
wi th  colchicine - show the  typica l  Al l ium cepa chromo-  
some c o m p l e m e n t  (Figure a) bu t  a small  percen tage  of 
cells of bigger size in c -me taphase  wi th  the  do ta t ion  4n = 
32, or w i th  16 a r r angemen t s  of 4 ch roma t ids  m a y  be 
observed (Figure b). These me taphases  4n d isplay  chro-  
mosomes  forming pairs  nex t  to each o the r  or pairs  of 
chromosomes  held  toge ther  a t  the  region ad jacen t  to the  
kinetochore,  which  is known under  the  name  of diplo- 
chromosomes .  The c -anaphases  observed in these poly-  
ploid cells cons is ted  of groups of 4 ve ry  closely al located 
chromat ids ,  in the  charac ter i s t ic  form of 'ski pairs ' .  

The exis tence of endopolyplo id  cells m a y  be due to a 
process  of d i f ferent ia t ion  or dedi f fe ren t ia t ion  7, as well as 
the  expe r imen ta l  induct ion.  Concerning the  exper imen ta l  
induc t ion  of endopolyp lo idy  ci ted in tile l i terature,  one 
mus t  d is t inguish be tween  the  induc t ion  of this  s ta te  and 
the  mi to t ic  p romot ion  of endopolyplo id  ceils. So, several  
agents  wi th  a s t imula t ing  effect  on the  cell division are 
known:  p h y t o h emag l u t i n i n e  in l y m p h o c y t e  cul tures  ~ 
and a va r i e ty  of g ro w t h  ho rmones  in p l a n t  sys tems  ~, 10 

Colchicine e//ect. Regard ing  the  origin of poiyploid  
observed  cells, we m u s t  re ject  the  possibi l i ty  of an act ion 
of colchicine. C-mitot ic  agents  are known to be able to 
induce polyplo idy  and even endopolyp lo idy  ~,~2, b u t  
t h a t  polyplo id iza t ion  is p roduced  by  the  me taphase  
pa rade  of the  cells, causing the  fo rmat ion  of res t i tu t ion  
nuclei and the  ach i evemen t  of polyploid level wi th  the  
poster ior  ch romosome repl icat ion of these cells. In  our 
case, the  f ixat ion of the  roots  a t  the  end of the  t r e a t m e n t  
wi th  the  c-mi to t ic  agent  (1 h) excludes the  possibi l i ty 
t h a t  the  me taphases  4n blocked by  colchicine owe thei r  
ploidic level to the  act ion of th is  drug. 

Thymidine e//ect. As polyploid cells in mitosis  were no t  
observed in control  roots,  i t  seems ev iden t  t h a t  some 
ex te rna l  factor  is responsible  for th is  a p p a r e n t  cell- 
ch y mera  in the  mer i s temat ic  popu la t ion  (cells 2n toge ther  
wi th  others  4n), so the  ques t ion  arises w h e t h e r  these  
t e t r ap lo id  cells owe their  polyploid  level to the  t hymid ine -  
induct ion.  The shor t  space of t inle (3 h) be tween  the  
t r e a t m e n t  wi th  t hymid ine  and  the  first  f ixat ion of the  
roots  which show 4n me taphases  seems to discard this  
nucleoside as the  induc tor  of the  observed polyplo idy  in 
same po in t  of the  S per iod (there is a q u a n t i t a t i v e  s t u d y  
u n d e r w a y  of t he  kinetics of these  cellular events) .  

Endoreduplicated cells. The induct ion  of endoredupl ica-  
t ion ( in terphase  endopolypioidy)  has been repor ted  in 

1 M. G. AVANZI, Caryologia 3, 351 (1951). 
2 j.  HESI.oP-HARRISON, A. Rev. Plant Physiol. 78, 325 (1967). 
a W. BEERMANN, in Cell Di//erentiation and Morphogenesis (North- 

Holland Publishing Co., Amsterdam 1969), p. 24. 
4 F. D'AMATO, Caryologia 77, 41 (1964). 
5 E. TSCHERMAK-WOEsS, in Handbuch der allgemeinen Pathologic 

(Springer, Berlin-Heidelberg-New York 1971), vol. 2/11, p. 569. 
6 W. NAGL, Chromosoma 4d, 203 (1973). 
7 A. LEVAN and T. S. HAUSCIIKA, J. hath. Cancer Inst. /4, 1 (1953). 
8 p. S. MOORIIEAD, P. C. NOWELL, W. J. MELLMAN, D. I'V[. BATIPPS 

and D. A. HUNGERVORD, Expl Cell Res. 20, 613 (1960). 
J. G. TORREY, Science 728, 1148 (1958). 

lo A. C. BRAUN arid F. MEINS JR., in Control Mechanisms in the 
Expression o/Cellular Phenotypes (Ed. H. A. PA~Y~UZA; Academic 
Press, New York-London 1970}, p. 193. 

11 j .  F. JACKSON, Expl Cell Res. 31, 194 (1963). 
12 G. DEYSSON, Int. Rev. Cytol. 24, 99 (1968). 
in W. SCHNEI)I.L, Humangenetiek d, 140 (1967). 



1 144 Specialia J~XPERIENTIA 31/10 

Phase contrast photomicrographs 
of mefistematic cells from root 
tips of Allium cepa after treat- 
merit with 5 mg/m! thymidine and 
i mg]ml eolchieine, a) Metaphase 
of diploid cell showing the normal 
chromosome complement, b) Poly- 
ploid metaphase with 16 arrange- 
ments of 4 chromatids (diplo- 
chromosomes). 

cul tured m a m m a l i a n  cells w i th  me rcap toe than o l  n, la  
and colchicine 1~, and in Zea mays root  t ips  wi th  hydroxy l -  
amine  sulfate 15. The p resen t  results  indicate  t h a t  the  
endopolyp lo idy  observed  in A llium cepa roots  is the  
expression of t he  t h y m i d i n e  mitosis  s t imula t ion  of na tur -  
a l ly-endopolyploid,  non-d iv id ing  cells. 

Our f indings conf i rm t h a t  thymid ine ,  apa r t  f rom its 
p robable  act ion on the  cell cycle kinetics of mer i s t emat ic  
populat ion,  s t imula tes  the  cell division as has  been repor t -  
ed in m a m m a l i a n  ceils 16. Concerning the  possible mecha-  
n ism oI endopolyp lo idy  in the  cells s tudied,  the  ex is tence  
.of d ip lochromosomes  leads us to  pos tu la te  an endoredupl i -  
ca t ive  origin for these  t e t r ap lo id  cells. TSCHERMAK- 
~Vu 17 ind ica ted  t h a t  t he  root  ceils enter  the  endomi to t i c  
cycle, wi th in  a d is t inc t  region of the  root,  bu t  the  squash  
t echn ique  used did no t  show the  posi t ion of the  ceils 4n 
in the  A ll ium cepa roots.  

Summary.  Thymid ine  appears  as t he  possible induc to r  
of the  mi tos i s  in cells a l ready  dif ferent ia ted,  or in the  
process of d i f ferent ia t ion,  which normal ly  do no t  en te r  
division. The endopolyplo id  process,  which  m a y  be the  
express ion of ch romosomal  endoredupl ica t ion ,  seems to 
p lay  an i m p o r t a n t  role in Al l ium cepa cytodi f ferent ia t ion .  
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