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Genet ic  B r e a k d o w n  of C h r o m o s o m e  B e h a v i o u r  of Tribulus terrestris 
A fer t i le  po lyp lo id  series ha s  been  k n o w n  to  exis t  

w i t h i n  Tribulus terrestris (Zygophyl laceae)  w i t h  p l a n t s  
h a v i n g  n = 12 (diploid), 18 ( t r i p l o i d ) a n d  24 ( te t raplo id)  
chromosomes1 ,  2. R e c e n t l y  TANDON and  RAO 3 h a v e  
discussed t h e  m e c h a n i s m  of evo lu t i on  of h ighe r  ch romo-  
somal  fo rms  in Tribulus terreslris a n d  ind ica t ed  i ts  
s igni f icance  for  con t ro l  measu res  of ce r t a in  weeds. The  
p r e s e n t  s t u d y  deals  w i t h  t he  genet ic  con t ro l  of ch romo-  
some b e h a v i o u r  of Tvibulus terrestris. 

I n  a n a t u r a l l y  occur r ing  t r ip lo id  p o p u l a t i o n  of T. ter- 
restvis, a p l a n t  w i t h  morpho log ica l  v a r i a t i o n  was spo t ted .  
Th i s  p l a n t  was  v igorous  in g rowth ,  dense ly  h a i r y  a n d  bore  
larger  f lowers a n d  more  pa i rs  of leaf le ts  p e r  rach i s  t h a n  
t h e  n o r m a l  t r ip loids .  A cytological  s t u d y  of microsporo-  
genesis  was, therefore ,  cons idered  desi rable .  F lower  b u d s  
were f ixed in Ca rnoy ' s  f luid (6 p a r t s  abso lu te  a l c o h o l + 3  
p a r t s  ch lo ro fo rm + 1 p a r t  g lacia l  acet ic  acid) for less t h a n  
1 h. T h e y  were t h e n  t r a n s f e r r e d  for 24 h to  p rop ion ic  
a lcohol  (1:3) where  p rop ion ic  acid h a d  been  s a t u r a t e d  
w i t h  ferr ic  ace ta te .  S q u a s h  p r e p a r a t i o n s  of a n t h e r s  were 
p r e p a r e d  in p r o p i o n o c a r m i n e  a. 

I n  n a t u r a l l y  occur r ing  t r iploids ,  meiosis  was  n o r m a l  
w i t h  18 b i v a l e n t s  a t  d iak ines i s  a n d  a t  m e t a p h a s e  I 
(Figure  1). A t  m e t a p h a s e  I t h e  c h i a s m a  f r e q u e n c y  per  cell 
a n d  pe r  b i v a l e n t  was  20.15 a n d  1.11 respect ive ly .  T h e  
d i s j u n c t i o n  of ch romosomes  a t  a n a p h a s e  I was  n o r m a l  
w i t h  18 :18  d i s t r i b u t i o n  of ch romosomes  to  t he  poles. 
M e t a p h a s e  I I  a n d  a n a p h a s e  I I  were  regular .  N o r m a l  
t e t r a d s  were  fo rmed  a f t e r  c o m p l e t i o n  of t he  second divi -  
sion. The  pol len  fe r t i l i ty  was  78.3. A meiot ic  s t u d y  in 
pol len  m o t h e r  cells of t h e  morpho log ica l  v a r i a n t  showed  
t h a t  i t  was  a t  t r ip lo id  level.  A t  d iak ines is  a n d  m e t a p h a s e  I, 
a large n u m b e r  of u n i v a l e n t s  was  obse rved  (Figure 2). 
The  m e a n  n u m b e r  of b iva l en t s ,  u n i v a l e n t s  a n d  mul t i -  
v a l e n t s  pe r  cell a t  m e t a p h a s e  I was  10.53, 14.54 and  0.09, 
respec t ive ly .  The  c h i a s m a  f r equency  per  cell a n d  pe r  
b i v a l e n t  was  12.81 a n d  0.71, r espec t ive ly ;  20% of t h e  
cells showed  laggards  a t  t e lophase  I. A t  a n a p h a s e  I I ,  6% 
of t he  cells showed micronucle i .  The  p l a n t  was  sterile.  
The  pol len  fe r t i l i ty  was  as low as 0 .19%. 

Fig. 2. Metaphase I in sterile triploid showing 7 bivalents (marked as 
II), 1 quadrivalent (marked as IV), 2 trivalents (marked as III) ; the 
remaining 12 chromosomes, which are unmarked, are aU univalents. 

A t  p re sen t  suff ic ient  ev idence  is ava i l ab le  on  genet ic  
con t ro l  of c h r o m o s o m e  pa i r ing  in  po lyplo idsS-L Exper i -  
m e n t s  h a v e  i nd i ca t ed  t h a t  th i s  genet ic  con t ro l  is conf ined  
to  a s ingle locusL I t  is k n o w n  t h a t  gene m u t a t i o n  of 
recessive n a t u r e  is respons ib le  for  v a r i a t i o n  in  pa i r ing  
b e h a v i o u r  of ch ro mo s o mes  8. D i s r u p t i o n  or w e a k e n i n g  of 
t h e  assoc ia t ion  of h o m o l o g s  h a s  b e e n  asc r ibed  to  the  
h o m o z y g o s i t y  of recessive al lelesL T h e  occurrence  of a 
s ter i le  t r ip lo id  p lan t ,  showing  fa i lure  of n o r m a l  chromo-  
some  pai r ing,  in  a fer t i le  p o p u l a t i o n  of t r iploids ,  is p rob-  
a b l y  due to  a s p o n t a n e o u s  gene m u t a t i o n .  I t  is also l ikely 
t h a t ,  as r e p o r t e d  in  o t h e r  cases, t h e  m u t a t e d  gene, in  t h e  
h o m o z y g o u s  condi t ion ,  led to  a gene t ic  b r e a k d o w n  of 
n o r m a l  meiosis.  T h e  s te r i l i ty  caused  b y  genet ic  b r e a k d o w n  
of meiosis  is n o t  a n  a d a p t i v e  e v o l u t i o n a r y  a d v a n t a g e  in 
case of Tribulus terrestris. 

Zusammen/assung. Das V o r k o m m e n  einer  I r u c h t b a r e n  
Polyplo id ie-Ser ie  i n n e r h a l b  Tribulus terrestris war  b e k a n n t  
(n = 12, Diploid,  n = 18, Tripl0id,  u n d  n = 24, Tet ra -  
ploid).  U n t e r s u c h u n g  fiber die Zytologie  eines u n f r u c h t -  
ba ren ,  na t t i r l i ch  v o r k o m m e n d e n  Tr ip lo ides  d e u t e t  auf  
genet i sche  Kon t ro l l e  bei  der  P a a r b i l d u n g  der  Chromo-  
s o m e n  yon  Tribulus terrestris. 
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Fig. 1. Metaphase I in naturally occurring triploid showing 18 bi- 
valents. 
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Giant  S e x  C h r o m a t i n  in E n d o p o l y p l o i d  T r o p h o b l a s t  Nuc l e i  of  the  Rat  
Seconda ry  g i a n t  cells in  t h e  t r o p h o b l a s t  of wh i t e  r a t  specia l  re ference  to t h e  b e h a v i o r  of t h e  i n a c t i v a t e d  X 

p l a c e n t a  o r ig ina te  b y  e n d o m i t o t i c  processes 1-4. Because  c h r o m o s o m e  in female  embryos .  
t h i s  is an  u n i q u e  e v e n t  in  m a m m a l s ,  t he  degrees  of endo-  W h i t e  r a t s  were ki l led w h e n  p r e g n a n c y  h a d  reached  
po lyp lo idy  (DNA con ten t s )  of t he  g i an t  nuc le i  were 14 days,  a n d  t h e  u te r i  were f ixed in e thano l - ace t i c  acid 
r eexamined ,  a n d  t he  nuc lea r  s t r u c t u r e  was s t ud i ed  w i t h  (3:1). Fo r  a f i rs t  o r i en ta t ion ,  sec t ions  were m a d e  a n d  
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s ta ined  wi th  hematoxyl in -eos ine .  Feu lgen-s ta ined  squash  
p repara t ions  were pe r fo rmed  for the  de t e rmina t i on  of the  
nuclear  D N A  con t en t  (hydrolysis :  10 rain in N HC1 of 
60~ pararosani l ine :  1.5 h a t  25~ p e r m a n e n t  slides 
were made  by  the  dry-ice technique) .  A Zeiss microspec-  
t ra l  p h o t o m e t e r  was  used in combina t ion  wi th  t he  two- 
w a v e l e n g t h s - m e t h o d  (~1 = 4800 ~,  Z, = 5040 ~)  of 
P a t a u  5. For  t he  rap id  s t ruc tu ra l  analysis  of a grea t  s tock 
of mater ia l ,  ca rmine- s t r a ined  squash  p repa ra t ions  were 
preferred.  

The endopolyplo id  t r ophob la s t  nuclei  can easily be 
found, even  in squash  prepara t ions ,  due to  the i r  enorm-  
ous size (Figure 1). The degrees of endopolyp lo idy  of the  
g iant  nuclei  were de t e rmined  by  means  of the i r  Feulgen-  
D N A  conten t .  The basic value 2C was ob ta ined  by  mea- 
su remen t s  of t e lophase  nuclei and  of 2n/G 1 nuclei  of the  
embryo.  The g iant  nuclei  of the  t rophob la s t  differ  in the i r  
D N A  conten ts ,  b u t  fall  in to  6 classes (Table). The  h ighes t  
values found  give evidence for 4.096-ploidy, which  is 
more  t h a n  was h i the r to  known  in m a m m a l s  (including 
earlier repor t s  on the  ra t  t rophoblast~-~).  Most  of the  
nuclei  m a y  have  levels of 512n, 1.024n, and  2.048n, and 
t h e y  are equal ly  d i s t r ibu ted  among  these  3 classes. Nuclei  
of a lower degree of endopo lyp lo idy  seem to be the  resul t  
of ami to t i c  f r agmen ta t i on  of g iant  nuclei, a t  least  in 
par t .  

The t rophob la s t  nuclei of b o t h  sexes exh ib i t  d i f ferent  
s t ruc tures :  E i t he r  t he  ch roma t in  is homogeneous ly  
d i s t r ibu ted  or i t  is organized in form of ch romat in -  
bundles ,  like t he  po ly tene  chromosomes  of several  
plants% However ,  the  g iant  t r0phob las t  nuclei  of female 
embryos  (known by  the  occurrence of sex ch romat in -  
posi t ive  nuclei, Figure  3) possess 1 large he te rochromat i c  
body  mos t ly  s i tua ted  a t  the  pe r iphe ry  of the  nucleus. 
This  ch romocen te r  is larger t h a n  all o ther  chromocenters ,  
and  it is p resen t  in  all nuclei  of female embryos ,  bu t  in 
none of male  ones (Figures 1 and  2). Therefore  th is  body  
is assumed to be the  mul t ip le  sex chromat in ,  fo rmed by  
all t he  inac t iva ted  X chromosomes  which  or iginate  by  
endomi to t i c  processes  f rom t h e  1 inac t iva ted  X chromo-  
some of t he  diploid cell. On the  o ther  hand ,  all the  X 
chromosomes  which  are endomi to t i c  descendan t s  of the  

euchromat ic  X ev iden t ly  r emain  in t he  act ive s ta te .  This 
corresponds  w i t h  older f indings  in the  rat,  t hough  no sex 
ch roma t in  was seen in the  highly endopolyploid  nuclei  7. The 
behav io r  of the  X chromosomes  indicates  t h a t  dosage 
compensa t ion  occurs re la t ive to  the  n u m b e r  of X wi th in  
1 chromosome c o m p l e m e n t  only, b u t  no t  re la t ive  to the  
absolu te  n u m b e r  of X.  Al though  the  p h e n o m e n o n  cited 
is a l ready  known  f rom te t rap lo id  and  oc top lo id  nuclei s, 
the  g ian t  sex c h r o m a t i n  of t he  ra t  t r ophob la s t  nuclei 
m a y  be an excel lent  source for s tudies  on the  func t ion  of 
inac t iva ted  X chromosomes  in mammals .  

DNA content and level of endopolyploidy of nuclei in the rat embryo 
and trophoblast (average values of 18 slides made from 3 embryos) 

Source of nuclei Number DNA in arbitrary Indicated 
of nuclei units and S.E. Level of 

endopolyploidy 

Embryo telophase 10 21+ 2.2 2n 

Embryo class 1 25 21=[_ 1.0 2n/G 1 

Embryo class 2 20 44~: 2.8 2n/G 2 
Trophoblast class 1 18 1 675j: 11.8 128n 

Trophoblast class 2 15 3 200-- 36.5 256n 

Trophoblast class 3 27 6 0924- 29.1 512n 

Trophoblast class 4 32 11 684~:122.7 1 024n 

Trophoblast class 5 15 22.684~440.5 2 048n 

Trophoblast class 6 4 40 031=t=405.9 4 096n 

Zusammen/assung. Der DNA-Geha l t  und die Chroma-  
t i n s t ruk tu r  der  hoch endopolyp lo iden  Zellkerne des 
R a t t e n t r o p h o b l a s t e n  wurden  untersucht .  C y t o p h o t o m e -  
t r ische Messungen des Feu lgen-DNA-Geha l t s  weisen auf 
Polyplo id iegrade  bis zu 4.096n. Die Riesenkerne  yon 
weibl ichen E m b r y o n e n  weisen einen grossen he terochro-  
ma t i s chen  K6rpe r  auf, der  als Sex-Chromat in ,  gebi ldet  
durch  einige H u n d e r t  oder  Tausend inakt iv ie r te  X-Chro-  
mosomen,  gedeu te t  wird. 
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Sex chromatin in diploid and endopolyploid nuclei of female rat. 
Aeeto-carmine; scale indicates 10 tim. 

Fig. 1. Endopolyploid trophoblas t nucleus (arrow indicates giant sex 
chromatin), and diploid nucleus, probably of a blood cell (double- 
arrow); Fig. 2. Endopolyploid trophoblast nucleus (arrow indicates 
giant sex chromatin); Fig. 3. Nucleus of a fibroblast cell showing 
normal sex chromatin (arrow), at higher enlargement. 
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