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n y s t a t i n  v e r y  l ikely  infl icts  d a m a g e  on d iv id ing  c h r o m o -  
s om es  due  to so me  phys i co -chemica l  s t r e ss  a n d  no t  
t h r o u g h  t h e  s y n t h e t i c  phase  of DNA.  
K i h l m a n  15, r ev iewing  work  on chemica l ly  i n d u c e d  chro-  
m o s o m e  abe r ra t ions ,  s t a t e d  t h a t  the  b reaks  were genera l ly  
of c h r o m a t i d  t y p e  and  n o n r a n d o m l y  d i s t r i b u t e d  w i t h i n  
a n d  b e t w e e n  c h r o m o s o m e s .  He  15 sugges t ed  some  prob-  
able m e c h a n i s m s  invo lved  for t he  localized b r eaks  i n d u c e d  

b y  MH,  EOC, CA, B U d R ,  etc.  However ,  the  ana lys i s  of 
our  d a t a  of c h r o m a t i d  b r e a k s  i nduc e d  by  n y s t a t i n  a n d  
o the r  an t ib io t i cs  a n d  m u t a g e n s  lead us  to conc lude  t h a t  
t he  b reaks  are m o s t l y  due  to  some  s t ress  on i n h e r e n t l y  
weake r  reg ions  in c h r o m o s o m e s  13,14 

15 B. A. Kihlman, in: Actions of chemicals on dividing cells. 
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Summary. I n  Pennisetum typhoides S. and  H.,  a new  k a r y o t y p e  was  found  w i th  13 n o r m a l  c h r o m o s o m e s  a n d  2 s tab le  
te locent r ic  c h r o m o s o m e s ,  wh ich  r ep re sen t  1 a r m  each  of a s u b m e t a c e n t r i c  c h r o m o s o m e .  

Pennisetum typhoides Stap f  a n d  H u b b . ,  h a s  a diploid 
n u m b e r  of 2 n = 1 4  c h r o m o s o m e s .  I n  t he  n o r m a l  comple -  
m e n t ,  5 pa i rs  of c h r o m o s o m e s  w i th  nea r  m e d i a n  to  sub-  
m e d i a n  c e n t r o m e r e s  and  2 pa i r s  of c h r o m o s o m e s  w i t h  sub-  
t e r m i n a l  c e n t r o m e r e s  are p r e s e n t  2. I n  4 ou t  of 97 seed- 
l ings ra ised  f ro m  a 3n • 2n cross, a d i f fe ren t  k a r y o t y p e  
w i th  2 n = 1 5  c h r o m o s o m e s  was  observed .  Seeds f r o m  the  
3n • 2n cross  were  g e r m i n a t e d  in pe t r i  d i shes  on m o i s t  
f i l ter  p ap e r  roo t - t ip s  f rom g e r m i n a t i n g  seedl ings  were pre-  

t r e a t e d  in 0.003 M 8 - h y d r o x y  qu ino l ine  for 4 h a t  14-  
16~ f ixed in glacial  acet ic  acid for 12 h and  s t a i ne d  b y  
Fe u lge n  t echn ique .  The  n e w  k a r y o t y p e  differed f rom the  
n o r m a l  one in the  p resence  of 2 sma l l  c h r o m o s o m e s ,  in 
w h ic h  p r i m a r y  cons t r i c t i ons  were n o t  de tec ted .  T h e  2 
sma l l  c h r o m o s o m e s  were u n e q u a l  in size a nd  r o u g h l y  cor- 
r e sponde d  to  t he  2 a r m s  of one of t he  s u b m e t a c e n t r i c  
c h r o m o s o m e s  (Figure  1), a n d  t h u s  were a p p a r e n t l y  telo-  
centr ics .  

A c e t o c a r m i n e  s q u a s h e s  of PMCs f rom these  p l a n t s  also 
revea led  15 c h r o m o s o m e s .  I n  all t h e  200 PMCs obse rved  
a t  d iakinesis ,  t he  15 c h r o m o s o m e s  f o r m e d  6 b iva l e n t s  a n d  
a t r i va l en t .  The  t r i v a l e n t  w a s  a h e t e r o m o r p h i c  c ha in  of 3, 
w i th  2 smal l  c h r o m o s o m e s  assoc ia ted  one on each  end  of a 
longer  ~ midd le  c h r o m o s o m e  (Figure  2). The  2 sma l l  chro-  
m o s o m e s  were n o t  obse rve d  to  pa i r  w i t h  each  o the r  di- 
rect ly .  I n  more  t h a n  60% of t he  PMCs  a t  m e t a p h a s e - I ,  
t h e  t r i v a l e n t  was  o r i en ted  w i th  t he  n o r m a l  c h r o m o s o m e  
t o w a r d s  one pole a n d  t he  2 smal l e r  c h r o m o s o m e s  t o w a r d s  
t h e  o the r  pole (Figure  3). T h i s  o r i e n t a t i on  would  lead to 
d i s j u n c t i o n  of t he  n o r m a l  c h r o m o s o m e  f rom the  2 sma l l e r  
c h r o m o s o m e s ,  a nd  t h u s  d a u g h t e r  nucle i  w i th  2 sma l l  p lus  
6 n o r m a l  c h r o m o s o m e s  a n d  7 n o r m a l  c h r o m o s o m e s  wou ld  
resul t .  Such  t y p e s  of d i s j u n c t i o n  were  obse rved  a t  aria- 

Fig. 1. Chromosome preparation from root tips showing 2 telocen- 
trics (arrows) and 13 normal chromosomes. 
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Fig. 2. PMC at diakinesis showing a trivalent (centre) with the telo- 
centrics, one on each end of a longer middle chromosome. 

Fig. 3. PMC at the end of metaphase-I showing orientation and dis- 
junction of the trivalent (extreme right), where the telocentrics se- 
parate from the normal chromosome. 
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phase - I .  L inear  o r i en t a t i on  of t he  t r i v a l e n t  was  also seen 
in so m e  cells. D i s j u n c t i o n  in such  cells would  lead to a na -  
phase - I  nucle i  w i th  1 smal l  p lus  6 n o r m a l  c h r o m o s o m e s  
and  1 sma l l  p lus  7 n o r m a l  c h r o m o s o m e s ;  such  t y p e s  of 
d i s j u n c t i o n  were also obse rved  a t  a n a p h a s e - I .  

C h r o m o s o m e  o r i en t a t i on  a t  m e t a p h a s e - I  a n d  dis- 
j u n c t i o n  a t  a n a p h a s e - I ,  conf i rm t h a t  the  smal le r  c h r o m o -  
somes  are te locent r ics  (Figures  1-3). T h e y  are u n e q u a l  in 
size, an d  in k a r y o t y p e  t h e y  r o u g h l y  cor respond  to the  2 
a r m s  of one of t h e  s u b m e t a c e n t r i c  c h r o m o s o m e s .  More- 
over,  d u r i n g  meios is  t h e y  do no t  pa i r  w i th  one ano the r ,  
b u t  r egu la r ly  pa i r  w i th  t he  2 a r m s  of a n o r m a l  ch romo-  
some.  T h u s  t h e y  can  be cons idered  t he  long a r m  and  sho r t  
a r m  te locen t r ics  of a s u b m e t a c e n t r i c  c h r o m o s o m e .  

Th e  te locent r ics  appea r  to  be s tab le  in t h a t  t h e y  are 
obse rved  b o t h  in roo t - t ips  and  PMCs of t he  s ame  p lan t ,  
and  w h e n  p l a n t s  w i th  t e locen t r ics  were self- or cross-  
pol l ina ted ,  t e locent r ics  were also p r e s e n t  in the  p r o g e n y  
p lan t s .  

As a l r ead y  no ted ,  d i f fe ren t  t y p e s  of d i s j u n c t i o n  were 
obse rved  a t  a n a p h a s e - I  leading  to nucle i  w i th  1. 7 nor-  
ma l  c h r o m o s o m e s ,  2. 2 te locent r ics  p lus  6 n o r m a l  chro-  
moso m es ,  3. 1 te locent r ic  p lus  6 n o l m a l  c h r o m o s o m e s  a n d  
4. 1 te locent r ic  p lus  7 n o r m a l  c h r o m o s o m e s .  Such  chro-  
m o s o m e  c o n s t i t u t i o n s  if p r e sen t  in f unc t i ona l  game tes ,  on 
a p p r o p r i a t e  c o m b i n a t i o n s  can  p roduce  p l a n t s  in t he  pro-  
g e n y  w i t h  2 n = 1 4  to 16, c o n t a i n i n g  0 4 t e locen t r ics  a nd  
12-14 n o r m a l  c h r o m o s o m e s .  One p l a n t  w i th  2n = 15 (2 telos 
p lus  13 normal )  was  selfed a n d  the  p r o g e n y  were scored for 
c h r o m o s o m e  cons t i t u t i ons .  A m o n g  56 p l a n t s  scored, the  
fol lowing classes were obse rved ;  1. 9 p l a n t s  w i th  2n--14 
(normal  co m p lem en t ) ,  2. 40 p l a n t s  w i th  2 n = 1 5  (2 te los  
p lus  13 normal)  a n d  3. 7 p l a n t s  wi th  2 n = 1 6  (3 te los  p lus  
13 normal ) .  

P l a n t s  w i th  a k a r y o t y p e  s imi la r  to  t he  one descr ibed  
here  a n d  s imi la r  in meio t ic  behav iour ,  were also ob t a ine d  
f rom two o the r  sources :  1. in one ou t  of 35 p l a n t s  ra ised 
f rom an  a s y n a p t i c  X diploid cross and  2. in one ou t  of 100 

p l a n t s  ra ised  f rom y - ray  i r r ad ia t ed  seed. A t t e m p t s  are 
be ing  m a d e  to  f ind  ou t  if t he  te locent r ics  f r om d i f fe ren t  
sources  are  homologous .  

I t  would  s e e m t h a t  t hese  t e locen t r ics  are de r ived  f rom 
misd iv i s ion  of t h e  c e n t r o m e r e  of a s u b m e t a c e n t r i c  chro-  
m o s o m e  3, 4. I n  u n i v a l e n t s ,  e i the r  false u n i v a l e n t s  or t hose  
r e su l t i ng  f rom a s y n a p s i s  or desynaps i s ,  t he  c e n t r o m e r e s  
m i g h t  s o m e t i m e s  u n d e r g o  a t r a n s v e r s e  b r e a k  so t h a t  each  
a r m  of t he  u n i v a l e n t  becomes  a new a nd  i n d e p e n d e n t  
c h r o m o s o m e  w i t h  a t e r m i n a l  cen t romere .  S tud ie s  of 
LIMA-DE-FARIA 5,6 revea led  t he  d u p l e x  reverse  r e p e a t  
c h r o m o m e r e  p a t t e r n  of t he  cen t romere ,  w h ic h  a f fords  a 
m e c h a n i c a l  bas is  for c e n t r o m e r e  misdivis ion3.  

Te locen t r ics  r epo r t ed  here  in pear l  mil let ,  b e h a v e  as 
s tab le  c h r o m o s o m e s .  The  v iew t h a t  t e locent r ics  are un -  
s tab le  in n a t u r e  7-9, does  no t  seem to a p p l y  to  all telo-  
centr ics .  KrJsH a nd  RICK ~~ r epor t ed  t h a t  some  te locen-  
t r ics  in t o m a t o  were s table.  More recent ly ,  origin of s t ab le  
te locent r ics  b y  cent r ic  f iss ion was  r epor t ed  in Chinese  
h a m s t e r  cells in v i t ro  4. MARICS a d i scussed  t he  conse-  
quences  of t r a n s v e r s e  a n d  obl ique  b reaks  a t  ce r t a in  po- 
s i t ions  in q u a d r i p a r t i t e  c e n t r o m e r e s  a nd  po in t e d  ou t  how 
te locent r ics  can  ar ise  in na tu r e .  Accord ing  to h im,  chro-  
m o s o m e s  w i t h  c omple t e ly  t e r m i n a l  c o n t r o m e r e s  c a n  be 
expec ted  as a r e su l t  of cent r ic  b r eakage ;  ne w  pa r t i a l  cen-  
t romeres ,  f r om a t r a n s v e r s e  break,  are j u s t  as eff ic ient  as 
the  or iginal  ones,  t h u s  r e su l t i ng  in s tab le  t e locen t r ic  chro-  
mosome s .  
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Summary. Deta i l ed  ecological s tud ies  of some  m a r i t i m e  p o p u l a t i o n s  of L o t u s  c o rn i c u l a tu s  L. h a v e  s h o w n  t h a t  t he  
d i s t r i b u t i o n  of t h e  cyanogen ic  fo rm of th i s  p l a n t  is d i rec t ly  re la ted  to  t he  d i s t r i bu t i on  a nd  d e n s i t y  of mol luscs  wh ich  
graze se lec t ive ly  t he  acyanogen ic  form. Th i s  work,  on a genet ic  p o l y m o r p h i s m ,  is i n t e rp r e t e d  as g iv ing  direct  ev idence  
of chemica l  defence  in n a t u r a l  popu la t ions .  

Mos t  of t h e  c u r r e n t  r epor t s  on chemica l  coevo lu t ion  
t a c i t l y  a s s u m e  t h a t  s e c o n d a r y  p l a n t  s u b s t a n c e s  h a v e  a 
defens ive  f u n c t i o n  in p l a n t s  2,3. The re  is r e m a r k a b l y  
l i t t le d i rec t  ev idence  for th is ,  y e t  a few yea r s  ago one of 
us  4 was  able to  e s t ab l i sh  t h a t  cyanogenes i s  in L o t u s  
co rn i cu l a tu s  L. did  h a v e  a defens ive  role: t h e  cyanogen ic  
f o rm  of t h i s  p l a n t  was  less l ikely to  be grazed  b y  herbi -  
vores  t h a n  t h e  acyanogen i c  form.  Th i s  was  b y  no m e a n s  
t he  f i r s t  e x a m p l e  of chemica l  defence  5-7 b u t  it  was  t he  
bas is  f r o m  which  t he  cr i ter ia  for e s t ab l i sh ing  a defens ive  
role for  these  s u b s t a n c e s  were clarif ied s. I t  was  a rgued ,  
t h a t  if a p l a n t  species is m o n o m o r p h i c  for a p u t a t i v e  
de fens ive  s u b s t a n c e  the re  are no m e a n s  of k n o w i n g  
w h e t h e r  a p a r t i c u l a r  he rb ivore  wou ld  ea t  t h a t  p l a n t  if t he  
s u b s t a n c e  were n o t  p resen t .  The  on ly  w a y  ou t  of t h i s  
impas se  is to s t u d y  species wh ich  are e i ther  p o l y m o r p h i c  

for  p u t a t i v e  de fens ive  s u b s t a n c e s  or  c on t a in  t h e m  in 
v a r y i n g  c onc e n t r a t i ons .  I t  h a s  been  easy  to  d e m o n s t r a t e  
in t he  l a b o r a t o y  select ive a nd  d i f fe ren t ia l  e a t i ng  b y  
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