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Induced Interchange Heterozygosity in Pearl Millet, Pennisetum typhoides (Burm.)  STAPF et HUBB 

Chromosome  i n t e r c h a n g e s  p rov ide  an  i m p o r t a n t  evolu-  
t i o n a r y  m e c h a n i s m  in t h e  sense t h a t  t h e y  m a y  lead to  
changes  in c h r o m o s o m e  m o r p h o l o g y  and  n u m b e r ,  t h u s  
resu l t ing  in r e p a t t e r n i n g  of k a r y o t y p e s  1 a n d  a l t e r a t i o n  of 
bas ic  c h r o m o s o m e  n u m b e r s  2. T h e y  also c o n s t i t u t e  good 
tools  for bas ic  s tud ies  in  cy to logy  and  genet ics  3-5, for t h e  
c rea t ion  of new v a r i a t i o n  and  m a y  thus  p rove  useful  in  
p l a n t  breeding% The  role of t r an s loca t i ons  in  t he  evo lu t ion  
of t he  k a r y o t y p e  of pea r l  mil le t ,  Pennisetum typhoides 
(Burm.)  S t a p f e t  H u b b . ,  is poor ly  unders tood .  The  p re sen t  
s t u d y  was conduc t ed  to  o b t a i n  p r e l i m i n a r y  i n fo rma t i o n  
on  t he  i n d u c t i o n  of mu l t i p l e  c h r o m o s o m e  in t e r changes  in 
pear l  mi l le t .  

Material and method. Seeds of t he  var .  T55 of pear l  
mi l l e t  were exposed to  20 k R  a n d  30 k R  6~ y- rays ;  
200 seeds were used for each  t r e a t m e n t .  The  t r e a t e d  a n d  
con t ro l  seeds were sown in  pots .  Meiosis in  m a n y  of t h e  
M 1 p l a n t s  was s tud ied  a n d  those  h a v i n g  t r ans loca t i ons  
were ident i f ied .  Seeds f rom these  p l a n t s  were g iven  an-  
o the r  cycle of y - i r r ad ia t ion  (20 kR) .  Similar ly ,  3rd, 4 th  
a n d  s u b s e q u e n t  cycles were repea ted .  

Observations and discussion. Cont ro l  p l a n t s  growing  
exac t ly  u n d e r  t he  same  cond i t ions  as t he  t r e a t e d  ones, 
showed n o r m a l  meiosis  w i t h  7 b i v a l e n t s  (Figure 1). Whi l e  
in  some of t he  M 1 p l a n t s  i n t e r changes  of 4 ch romosomes  
were obse rved  (Figures  2 and  3), complex  conf igu ra t ions  
i nvo lv ing  6 to  8 ch romosomes  (Figure  4) were o b t a i n e d  in 
t he  M 2 and  Ma popu la t ions .  The  t r a n s l o c a t e d  ch romosomes  
fo rmed  e i the r  cha ins  (Figure  2) or r ings  (Figure  3). T h e  
cha ins  were e i t he r  rod-,  J-  or U- shaped .  The  mu l t i p l e  
i n t e r c h a n g e s  i n v o l v i n g  t he  7 th  chromosome,  i.e. t h e  
sa te l l i t ed  chromosome,  were  genera l ly  of t he  cha in - type .  

I n  M3 p o p u l a t i o n  2 p lan ts ,  each  w i t h  a mu l t ip l e  i n t e r ch an g e  
of 8 ch romosomes  (Figure  4), were isolated.  I n  M 4 a p l a n t  
w i t h  co mp l ex  i n t e r c h a n g e  i n v o l v i n g  10 of t h e  14 Chromo- 
somes was observed .  I n  t h i s  p l a n t  PMC's  h a v i n g  two  
i n t e r ch an g e  mul t ip le s  of 6 an d  4 ch ro mo s o mes  were also 
m e t  wi th .  Free  u n i v a l e n t s  an d  c h r o m o s o m e  f ragments ,  
p r e s u m a b l y  cent r ic  ones, were also observed .  Pol len-  a n d  
seed-s te r i l i ty  increased  rough ly  in p r o p o r t i o n  to  t h e  
n u m b e r  of ch ro mo s o mes  i n v o l v e d  in in te rchanges .  In  t h e  
two  M 3 p l a n t s  h a v i n g  mul t ip le  i n t e r ch an g es  of 8 chromo-  
somes, pol len  fer t i l i ty ,  as j udged  b y  t h e i r  s t a i n a b i l i t y  w i t h  
2~/o ace toca rmine ,  was 35~o. Obvious ly ,  t r a n s l o c a t i o n  
he t e rozygos i ty  resu l t ing  in u n e q u a l  d i s t r i b u t i o n  of chro-  
mosomes  a t  a n a p h a s e  leads to  t h e  f o r m a t i o n  of i m b a l a n c e d  
gametes ,  a n d  t h u s  in pol len  s ter i l i ty .  A t  a n a p h a s e  I, 8:6,  
9 :5  an d  ra re ly  10 :4  d i s t r i b u t i o n s  of ch romosomes  were 
observed,  in  a d d i t i o n  to t h e  n o r m a l  7 : 7 segregat ion.  

I n t e r c h a n g e s  invo lv ing  more  t h a n  10 ch ro mo s o mes  
were no t  recovered  even  a f t e r  t h e  5 th  a n d  6 th  cycles of 
i r r ad ia t ion ,  showing  t h e r e b y  t h a t  poss ib ly  t h e  upper  l imit ,  
a t  leas t  in  t h i s  p a r t i c u l a r  expe r imen t ,  h ad  been  reached.  
H ighe r  i n t e r c h a n g e  mul t ip l e s  could n o t  be ob ta ined ,  per-  
haps  because  of t h e  l im i t a t i ons  imposed  on  v iab i l i ty .  T h e  
gamet i c  sieve seems to ope ra te  more  d ras t i ca l ly  w h e n  
more  ch ro mo s o mes  are i nvo lved  in in te rchanges .  T h e  
d i f fe rent  t r a n s l o c a t i o n  s tocks  are now being  in te rc rossed  
poss ib ly  to  get  a n  i n t e r ch an g e  s tock  i nvo lv ing  all t h e  14 
chromosomes .  These  t r a n s l o c a t i o n  s tocks  w h i c h  give 8 :6  
a n d  9 :5  a n a p h a s e  separa t ions ,  are also be ing  used to get  
aneuploids ,  i nc lud ing  t r i somics  a n d  poss ib ly  monosomics ,  
in  pear l  mi l le t .  

Chromosome  i n t e r ch an g es  are  also k n o w n  to occur  
s p o n t a n e o u s l y  in ce r t a in  l ines of pear l  mi l le t  7 an d  t h e y  
h a v e  also been  induced  ar t i f ic ia l ly  s W h e t h e r  a n y  a d a p t i v e  
a d v a n t a g e  is assoc ia ted  w i t h  t h e  n a t u r a l l y  occurr ing  
i n t e r changes  is y e t  to  be discovered.  I t  may ,  however ,  be  
possible  to  get  ce r t a in  t r a n s l o c a t i o n  s tocks w i t h  favour-  
able  gene c o m b i n a t i o n s  wh ich  m a y  also help  in f ixing 
he teros is  in  t h i s  cross fert i l izer.  

Zusammen/assung. Es wird  ein d u r c h  G a m m a s t r a h l e n  
i nduz i e r t e r  mu l t i p l e r  C h r o m o s o m e n a u s t a u s c h  d u r c h  
T r a n s l o k a t i o n  bei  Pennisetum typhoides beschr ieben .  
Mehr fache  B e s t r a h l u n g  erzeugt  komplexe  He te rozygo ten ,  
in  welchen  bis  10 der  14 C h r o m o s o m e n  a m  ~dnterchange~> 
be te i l ig t  s ind.  HShere  Zah len  w u r d e n  n i c h t  e rha l ten ,  da  
das  gamet i sche  Sieb  m6gl icherweise  d ras t i sche r  wirkt ,  
w e n n  m e h r  C h r o m o s o m e n  eine T r a n s l o k a t i o n  e r f ah ren  
haben .  Die T r a n s l o k a t i o n s s t ~ m m e  werden  benu tz t ,  u m  
Aneup lo id ie  bei  Hi r se  zu erzeugen.  
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Fig. 1. A PMC from a normal plant showing 7~. 
Fig. 2-4. PMC's from treated plants showing different chromosome 
interchanges. 
Fig. 2. A chain of 4 chromosomes, and 5ii. 
Fig. 3. A ring of 4 chromosomes, 4H and 2i (1 univalent is overlapping). 
Fig. 4. A complex interchange involving 8 chromosomes, and 3 bi- 
valents. 
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