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Monosomics in Common Bean, Phaseolus vulgaris 
D . W . S .  Mok and  M . C .  Mok 
D e p a r t m e n t  of H o r t i c u l t u r e  and G e n e t i c s  I n s t i t u t e ,  O r e g o n  S ta te  U n i v e r s i t y ,  C o r v a l l i s ,  O r e g o n  (USA) 

S u m m a r y .  Two m o n o s o m i c s  of Phaseolus v u l g ~ s  (2n  = 22) w e r e  found a m o n g  s e l f e d  p r o g e n y  of p l a n t s  t r e a t e d  
with c o l c h i c i n e .  The m o n o s o m i c  c h r o m o s o m e s  i n v o l v e d  w e r e  i d e n t i f i e d  as  c h r o m o s o m e s  H and J a c c o r d i n g  to 
the  p r e v i o u s l y  s u g g e s t e d  G i e m s a  k a r y o t y p e .  Both  m o n o s o m i c  p l a n t s  had  s l o w e r  g r o w t h  r a t e  and  s m a l l e r  s i z e  as  
c o m p a r e d  with t h e i r  r e s p e c t i v e  eup lo id  s i b s .  H o w e v e r ,  no a p p a r e n t  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  d i s t i n g u i s h e d  
the  two m o n o s o m i c s .  The f r e q u e n c i e s  of t r a n s m i s s i o n  t h r o u g h  s e l f i n g  of m o n o s o m i c s  H and  J w e r e  9 % and  10 
r e s p e c t i v e l y .  

I n t r o d u c t i o n  

Many p h y s i o l o g i c a l  and m o r p h o l o g i c a l  c h a r a c t e r s  in  

c o m m o n  bean ,  Phaseolus vulgar4s, have  b e e n  r e p o r t e d  

to be c o n d i t i o n e d  by one  o r  a few g e n e s  ( B l i s s  1971, 

Coyne  and S c h u s t e r  1972, Ke l ley  1971, Moh 1971, Y a r -  

nel l  1965) .  H o w e v e r ,  t h e r e  i s  no i n f o r m a t i o n  c o n c e r n -  

ing the  l o c a t i o n  of gene  m a r k e r s  on s p e c i f i c  c h r o m o -  

s o m e s .  The a v a i l a b i l i t y  of p l a n t s  wi th  v a r i a t i o n s  in  

e i t h e r  c h r o m o s o m e  s t r u c t u r e  ( e .  g. d u p l i c a t i o n - d e f i -  

c i e n c y  and  t r a n s l o c a t i o n )  o r  c h r o m o s o m e  n u m b e r  

( a n e u p l o i d s )  would g r e a t l y  f a c i l i t a t e  t he  d e t e r m i n a -  

t i on  of g e n e - c h r o m o s o m e  r e l a t i o n s h i p .  S ince  b e a n  

c h r o m o s o m e s  a r e  s m a l l ,  s t r u c t u r a l  v a r i a t i o n s  of c h r o -  

m o s o m e s  ma y  be d i f f icu l t  to c h a r a c t e r i z e .  If i n d i v i -  

dual c h r o m o s o m e s  of b e a n s  c a n  be  d i s t i n g u i s h e d  c y t o -  

logical ly~ the  g e n e r a t i o n  of a n e u p l o i d s  fo r  t he  p u r p o s e  

of gene  m a p p i n g  a p p e a r s  to be m o r e  f e a s i b l e  t h a n  the  

s y n t h e s i s  of s t r u c t u r a l  v a r i a t i o n .  A f t e r  s u c c e e d i n g  in 

the  i d e n t i f i c a t i o n  of b e a n  c h r o m o s o m e s  (Mok and  Mok 

1976) ,  o u r  e f f o r t s  w e r e  c e n t e r e d  on p r o d u c i n g  a n e u -  

p lo ids  t h r o u g h  c o n v e n t i o n a l  m e t h o d s  of t e t r a p l o i d - d i -  

p l o i d a n d t r i p l o i d - d i p l o i d m a t i n g s .  I n t h e  c o u r s e  of i n -  

d u c i n g t e t r a p l o i d s  with c o l c h i c i n e ,  u n e x p e c t e d l y ,  m o -  

n o s o m i c s  w e r e  found a m o n g  s e l f e d  p r o g e n y  of t r e a t e d  

p l a n t s .  This p a p e r  c o n c e r n s  p r e l i m i n a r y  s t u d i e s  of 

two m o n o s o m i c s  o b t a i n e d  and  d i s c u s s e s  i m p l i c a t i o n s  

of t h e i r  o c c u r r e n c e  o n t h e  s y n t h e s i s  of a n e u p l o i d s  in  

Phaseolus vulgaris. 

M a t e r i a l  and  Method  

C o m m o n  b e a n  (Phaseolus vulgaris, 2n = 2x = 22) c u l -  
t i v a r s ,  B u s h  B lue  Lake,  E a r l y  H a r v e s t e r ,  H a r v e s t e r ,  

and Oregon 1604-E, were plant materials used. Seeds 
were germinated in vermiculite. Fifty seedlings of 
each variety were transplanted to soil when the first 
true leaves emerged. All plants were grown in the 
greenhouse at temperatures of 24~ (day) to 18~ 
(night) and with 15 hours of light. Three days after 
transplanting, shoot tips of seedlings were treated 
with 0.1% colchicine for six hours. The colchicine was 
applied with cotton balls (3 cm in diamter) soaked 
with the chemical. The treatment was repeated the fol- 
lowing day. Selfed seeds (S~) were collected from 
treated plants. 

Root tips for chromosome counting, were pretreat- 
ed with 0.1% hydroxyquinoline for four hours and then 
fixed in ethanol-glacial acetic acid ( 3 : 1 ) for 24 hours. 
The somatic chromosome number of individual S• seed- 
lings was determined by making aceto-carmine squashes 
of root tips. A modified Giemsa technique (Mok et al. 
1974, Mok and Mok 1976) was used to identify the mo- 
nosomic chromosomes. 

Flower buds, for the examination of microsporo- 
genesis, were fixed in a solution consisting of equal 
volumes of ethanol-glacial acetic acid (3:1) and 45 % 
iron-acetate for 24 hours. Anthers were squashed and 
stained with aceto-carmine. 

R e s u l t s  

A to ta l  of 122 s e l f e d  s e e d s  w e r e  o b t a i n e d  f r o m  p l a n t s  

t r e a t e d  with c o l c h i c i n e ,  and 95 s e e d l i n g s  s u r v i v e d .  

The s o m a t i c  c h r o m o s o m e  n u m b e r  of e a c h  p lan t  was  

d e t e r m i n e d  (Table  I ) .  Two m o n o s o m i c s  (2n  = 21) and  

t h r e e  t e t r a p l o i d s  (2n  = 44) w e r e  found.  The d e s i g n a -  

t i o n s  C - 8 - 3  ( F i g .  l a )  an d  D - 2 - 2  ( F i g .  l b )  w e r e  g i v -  

en  to t h e  m o n o s o m i c  p l a n t s  d e r i v e d  f r o m  E a r l y  H a r -  

v e s t e r  and  Bush  Blue  Lake r e s p e c t i v e l y .  

A c o m m o n  c h a r a c t e r i s t i c  of C - 8 - 3  and  D - 2 - 2  was  

t h e  s l o w e r  r a t e  of g r o w t h  and  l a t e r  d e v e l o p m e n t  a s  

c o m p a r e d  wi th  e u p l o i d s .  The m a t u r e  p l a n t s  w e r e  a l so  
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Table 1. Somat ic  c h r o m o s o m e  number  of se l f ed  p rogeny  
obta ined f rom four  c u l t i v a r s  t r e a t e d  with c o l c h i c i n e  

C u l t i v a r s  

Number  of 
s eed l ings  
obta ined  

Number  of s e e d l i n g s  
with the ind ica ted  
c h r o m o s o m e  number  

21 22 44 

Bush Blue Lake 28 I 26 1 
Early Harvester 29 0 29 0 
Harvester 24 1 23 0 
OR 1604-E 14 0 12 2 

c o n s i d e r a b l y  s m a l l e r  than n o r m a l .  F i g u r e s  l c  and l d  

i l l u s t r a t e  the d i f f e r e n c e s  in plant height ,  at 29 

days a f t e r  g e r m i n a t i o n ,  of C - 8 - 3  and D - 2 - 2  as c o m -  

p a r e d  with t h e i r  r e s p e c t i v e  diploid s i b s .  The f i r s t  t r i -  

fo l ia te  l e a v e s  in both m o n o s o m i c s  w e r e  a typica l .  A 

pa i r  of sma l l  t e n d r i l - l i k e  l e a v e s  r e p l a c e d  the cen t r a l  

l ea f l e t  of the f i r s t  t r i f o l i a t e  in D - 2 - 2 .  In C - 8 - 3  two of 

the t h r e e  t r i f o l i a t e  l e a v e s  w e r e  fused .  However ,  all 

o the r  t r i f o l i a t e  l e a v e s  that deve loped  subsequen t ly  

w e r e  n o r m a l .  

F i g s .  1. a to f, S o m a t i c c e l l s ,  morpho logy  and m e i o t i c  c e l l s  of m o n o s o m i c s .  (a)  Somat ic  m e t a p h a s e  of C - 8 - 3  
with 21 c h r o m o s o m e s  (• 1300).  (b) Somat ic  m e t a p h a s e  of D-2-2  with 21 c h r o m o s o m e s  (• 3600).  (c)  Monoso-  
mic  C - 8 - 3  ( lef t )  as c o m p a r e d  with i ts  euploid  s ib ,  29 days a f t e r  g e r m i n a t i o n .  (d) Monosomic  D-2-2  ( r igh t )  
as c o m p a r e d  with i ts  euploid  s ib ,  29 days a f te r  g e r m i n a t i o n .  (e)  PMC of C - 8 - 3  at Metaphase  I, with 10 b iva -  
len ts  and 1 un iva len t .  (f) PMC of D-2 -2  at M e t a p h a s e  I, with univalent  
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T a b l e  2 .  P e r c e n t  ~ o f  p o l l e n  m o t h e r  c e l l s  of  m o n o s o m i c s  w i t h ,  ( 1 )  l a g g i n g  c h r o m o s o m e s  
at  A n a p h a s e  I, ( 2 )  t r i p o l a r  s e p a r a t i o n  a n d  m i c r o n u c l e i  a t  A n a p h a s e  II ,  a n d  (3 )  t r i - a n d  
m u l t i - n u c l e a t e  c e l l s  a t  t e t r a d  s t a g e  

M o n o s o m i c  A n a .  I A n a .  II T e t r a d  S t a g e  

w i t h  l a g g i n g  t r i p o l a r  w i t h  m i c r o -  t r i -  m u l t i n u c l e a t e  
c h r o m o s o m e  s e p a r a t i o n  n u c l e i  n u c l e a t e  c e l l  c e l l  

C - 8 - 3  10 4 7 6 8 
D - 2 - 2  16 7 11 10 14 

At l e a s t  250 c e l l s  w e r e  e x a m i n e d  at  e a c h  s t a g e  in  e a c h  m o n o s o m i c  

The  m o n o s o m i c  c h r o m o s o m e s  in  C - 8 - 3  a n d  D - 2 - 2  

w e r e  i d e n t i f i e d  a s  c h r o m o s o m e s  H a n d  J ,  a c c o r d i n g  

to o u r  p r e v i o u s l y  s u g g e s t e d  G i e m s a  k a r y o t y p e  ( M o k  

a n d  Mok 1 9 7 6 ) .  

The  r e s u l t s  of  c y t o l o g i c a l  e x a m i n a t i o n  of  m i c r o -  

s p o r o g e n e s i s  i n  m o n o s o m i c  p l a n t s  a r e  s u m m a r i z e d  i n  

T a b l e 2 .  M e t a p h a s e  I of  p o l l e n  m o t h e r  c e l l l s  ( P M C s )  of  

m o n o s o m i c  p l a n t s  h a d  10 b i v a l e n t s  a n d  o n e  u n i v a l e n t  

( F i g s .  l e  a n d  l f ) .  At  A n a p h a s e  I, a l a g g i n g  c h r o m o -  

s o m e  w a s  f o u n d i n  10 70 a n d  16 70 of P M C s  o f  C - 8 - 3  a n d  

D - 2 - 2  r e s p e c t i v e l y .  At  A n a p h a s e  II ,  t r i p o l a r  c o n f i g u -  

r a t i o n s  a n d  m i c r o n u c l e i  w e r e  o b s e r v e d ,  a n d  at  t e t r a d  

s t a g e ,  t r i n u c l e a t e  a n d  m u l t i - n u c l e a t e  c e l l s  w e r e  f o u n d .  

P o l l e n  s t e r i l i t y  a s  d e t e r m i n e d  by  i o d i n e  p o t a s s i u m  

i o d i d e  ( I 2 K I )  w a s  1470 in  C - 8 - 3  a n d  30 70 i n  D - 2 - 2 .  

P r a c t i c a l  c o n s i d e r a t i o n s  p r e c l u d e d  t h e  d e t e r m i n a -  

t i o n  Of m a l e  a n d  f e m a l e  t r a n s m i s s i o n  f r e q u e n c i e s  of  

m o n o s o m i c  c h r o m o s o m e s  by  c r o s s i n g  m o n o s o m i c  

p l a n t s  w i t h  d i p l o i d s .  A s  f l o w e r s  of  Phaseolus vulgaris 

a r e  c l e i s t o g a m o u s ,  s e l f e d  s e e d s  a r e  e a s i l y  o b t a i n e d .  

In o r d e r  to  o b t a i n  t h e  m a x i m u m  n u m b e r  of  s e e d s ,  m o -  

n o s o m i c s  w e r e  a l l o w e d  to  s e t  s e l f e d  s e e d s .  

The  c h r o m o s o m e  n u m b e r s  of  s e l f e d  p r o g e n y  o b -  

t a i n e d  f r o m  C - 8 - 3  a n d  D - 2 - 2  w e r e  d e t e r m i n e d  ( T a b l e  3 ). 

T h r e e  of  t h e  34 s e l f e d  s e e d l i n g s  d e r i v e d  f r o m  C - 8 - 3  

h a d  21 c h r o m o s o m e s .  The  m o n o s o m i c  c h r o m o s o m e  

w a s  i d e n t i f i e d  a s  c h r o m o s o m e  H in  e a c h  c a s e .  Two 

m o n o s o m i c  p l a n t s  w e r e  f o u n d  a m o n g  20 s e l f e d  s e e d -  

l i n g s  of  D - 2 - 2 .  The  m o n o s o m i c  c h r o m o s o m e  in  e a c h  

p l a n t  w a s  i d e n t i f i e d  a s  c h r o m o s o m e  J .  A g a i n ,  t h e s e  

p r o g e n y  m e n o s o m i c  g r e w  m o r e  s l o w l y  t h a n  t h e i r  e u p -  

l o i d  s i b s ,  bu t  t h e  f i r s t  t r i f o l i a t e  l e a v e s  w e r e  n o r m a l .  

A s  no  u n i v a l e n t  s h i f t  h a s  o c c u r r e d ,  t h e  v a r i a n t  l e a f  

t y p e s  o b s e r v e d  in  t h e  two  o r i g i n a l  m o n o s o m i c s  do not  

a p p e a r  to  b e  a s s o c i a t e d  w i t h  t h e  m o n o s o m i c  c o n d i -  

t i o n s .  

Discussion 

As far as we know, this is the first reported case of 

aneuploids in Ph~eolus vulga~s. The occurrence of 

these monosomics and the transmission of gametes 

with 10 chromosomes through selfing suggest the pos- 

sibility of generating and maintaining other aneuploids 

in beans. However, the chromosomes involved inthese 

monosomics, H and J, are short chromosomes; their 

respective monosomic condition in the genome may 

not have drastic effects on fertility and viability of the 

plant. The lack of correlation between morphological 

characteristics and monosomy, except for the smaller 

p l a n t  s i z e  a n d  s l o w e r  g r o w t h  r a t e ,  s u g g e s t s  t h a t  v i s u a l  

s e l e c t i o n  of  a n e u p l o i d s  a s s o c i a t e d  w i th  s p e c i f i c  c h r o -  

m o s o m e s  in  b e a n s  m a y  b e  d i f f i c u l t .  S i m i l a r  o b s e r v a -  

t i o n s  w e r e  r e p o r t e d  i n  c r o s s - p o l l i n a t e d  s p e c i e s  s u c h  

as  Solanum ( H e r m s e n  et  a l .  1970 ,  K e s s e l  a n d  R o w e  

1974)  a n d  s e l f - p o l l i n a t e d  s p e c i e s  s u c h  as  Glycine max 

( P a l m e r  1974 ,  1 9 7 6 ) .  H o w e v e r ,  t h e  p o s s i b i l i t y  of 

u n i q u e  m o r p h o l o g i c a l  t r a i t s  r e l a t i n g  to  o t h e r  m o n o -  

s o m i c s  o r  t r i s o m i c s ,  a s  r e p o r t e d  in  Datura ( B l a k e s -  

l e e  a n d  A v e r y  1 9 1 9 ) ,  Lycopersicum ( R i c k  a n d  B a r t o n  

1954)  a n d  Sorghum ( S c h e r t z  1966)  c a n  not  b e  e x c l u d e d  

at  p r e s e n t .  

Table 3. Somatic chromosome number of selfedprogeny 
derived from two monosomics 

Monosomics Number ofprogenywith 
the indicated chromo- 
some number 

Frequency of 
monosomics 

21 22 

C - 8 - 3  3 31 9 70 
D - 2 - 2  2 18 10 
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The f r e q u e n c y o f m o n o s o m i c s  r e c o v e r e d  f r o m  s e l f -  

ing f o r  c h r o m o s o m e s  H and J w e r e  9 % and 10 % r e s -  

p e c t i v e l y .  We w e r e  u n a b l e  to s t udy  the  m a l e  and f e -  

m a l e  t r a n s m i s s i o n  r a t e  of  1 0 - c h r o m o s o m e  g a m e t e s  

by c r o s s i n g  wi th  n o r m a l  d ip lo id s  due to t he  r e l a t i v e l y  

few f l o w e r s  of  t he  o r i g i n a l  m o n o s o m i c s .  H o w e v e r ,  

f i ve  a b o r t e d  e m b r y o s  of  C - 8 - 3  w e r e  e x a m i n e d  c y t o -  

l o g i c a l l y  and one  had  20 c h r o m o s o m e s  in s o m a t i c  c e l l s  

of  t he  young  r o o t .  This  o b s e r v a t i o n  m a y  be  i n d i c a t i v e  

of  t he  v i a b i l i t y  of  m i c r o s p o r e s  wi th  10 c h r o m o s o m e s .  

A n e u p l o i d s  m a y  a r i s e  in v a r i o u s  w a y s  ( B u r n h a m  

1962) ,  s u c h  as  unequa l  d i s t r i b u t i o n  of  c h r o m o s o m e s  

d u r i n g  m e i o s i s  of  p o l y p l o i d s ,  and a b n o r m a l  d i s j u n c -  

t i on  at m e i o s i s  of  d e s y n a p t i c  m u t a n t s .  The e x a c t  m e -  

c h a n i s m  of t he  o r i g i n  of  t he  m o n o s o m i c s  d e s c r i b e d  

h e r e  i s  not  known.  T h e i r  o c c u r r e n c e  a p p e a r s  to h a v e  

b e e n  c a u s e d  by c o l c h i c i n e  t r e a t m e n t ,  s i n c e  al l  s e l f e d  

p r o g e n y  o b t a i n e d  f r o m  u n t r e a t e d  p l a n t s  w e r e  n o r m a l  

e u p l o i d s .  E x t e n s i v e  i n v e s t i g a t i o n s  of t he  e f f e c t s  of 

c o l c h i c i n e  on the  s t a b i l i t y  of c h r o m o s o m e  n u m b e r  in 

Sorghum h a v e  b e e n  r e p o r t e d  ( S a n d e r s  and F r a n z k e  

1964, 1976) .  C h r o m o s o m e  s u b s t i t u t i o n  r e s u l t i n g  f r o m  

the  doubl ing  of  c h r o m o s o m e  n u m b e r  and s u b s e q u e n t  

r e d u c t i o n  h a s  b e e n  g e n e r a l l y  a c c e p t e d  as  t he  b a s i s  f o r  

t he  o c c u r r e n c e  of  c o m p l e x  Sorghum m u t a n t s .  It i s  t e m p -  

t ing  to s p e c u l a t e  tha t  s i m i l a r  e v e n t s  m a y  h a v e  o c c u r r e d  

in b e a n s ,  a s  t e t r a p l o i d s  w e r e  i n d u c e d  by c o l c h i c i n e  and 

the  m o n o s o m i c  m a y  h a v e  r e s u l t e d  f r o m  s u b s e q u e n t  c h r o -  

m o s o m e  r e d u c t i o n .  H o w e v e r ,  t h e  p r o p o s e d  e x p l a n a t i o n  

fo r  t he  i n d u c e d  m u t a n t s  in Sorghum a p p e a r s  to be  d e -  

penden t  on the  p o l y p l o i d  n a t u r e  of  t he  2 0 - c h r o m o s o m e  

Sorghum and r e d u c t i o n  of  p o l y p l o i d y  a s  a g e n e r a l  p h e n o m -  

enon  r a t h e r  t han  an e x c e p t i o n a l  e v e n t .  T h e r e  i s  no e v i -  

d e n c e  s u g g e s t i n g  s i m i l a r  c o n d i t i o n s  o c c u r  in Phaseolus 

vulgaris.  A n o t h e r  p o s s i b l e  e x p l a n a t i o n  f o r  t h e  o c c u r -  

r e n c e  of  a n e u p l o i d s  i s  t he  i n d u c t i o n  of  c h r o m o s o m e  

i n s t a b i l i t y  by c o l c h i c i n e .  S o m a t i c  i n s t a b i l i t y  i n d u c e d  

by wide  c r o s s e s  ( N i e l s e n  and Nath  1961) and low t e m -  

p e r a t u r e  ( H u s k i n s  1948,  H u s k i n s  and C h e n g  1950) 

h a v e  b e e n  r e p o r t e d ,  and s p o n t a n e o u s  o c c u r r e n c e  of 

v a r i a b l e  c h r o m o s o m e  n u m b e r  in v e g e t a t i v e l y  p r o p a -  

g a t e d  g r a s s e s  has  b e e n  o b s e r v e d  ( N i e l s e n  1966) .  

H o w e v e r ,  in Nieotiana, a l though  i n c o m p l e t e  p o l y -  

p lo id s  w e r e  r e p o r t e d  to be  a s s o c i a t e d  wi th  c o l c h i -  

c i n e  t r e a t m e n t  ( L e f e v r e  and H e s l o t  1953) ,  no r e d u c -  

t i on  of  t h e  d ip lo id  c h r o m o s o m e  n u m b e r  was  o b s e r v e d .  

F u r t h e r  s t u d i e s  a r e  n e e d e d  in o r d e r  to a s c e r t a i n  t h e  

m e c h a n i s m  i n v o l v e d  in t he  o r i g i n  of  t h e  b e a n  m o n o -  

s o m i c s .  
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