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T he  p re s e n t  in v e s t ig a t io n  p r o v id e s  a r e la t iv e  ac co u n t  of 
cytological and  deve lopm enta l  effects of gam m a rays, Ethyl 
M ethane Sulphonate (EMS) and Methyl M ethane Sulphonate  
(MMS) on meiotic features and pollen fertility in  V id a  faba  L. 
S tudies under taken  in M, generation  on the variety minor of 
this species show that both the physical and chemical mutagens 
elicit various kinds of chromosomal abnormalities and reduction 
in p o l le n  ferti l i ty .  Such  effec ts  w ere  dose  d e p e n d e n t  and  
posit ively correlated w ith  dose concentra tion . However, the 
induction of meiotic abnorm alities  was observed to be h igher 
u n d e r  MMS trea tm ent,  fo llow ed  by  gam m a rays and  EMS, 
s u g g e s t i n g  th a t  M M S  c o u ld  be  m o r e  e f f e c t iv e  in  
inducingvariabili ty  followed by gam m a rays and EMS in this 
crop.
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Cytological analysis w ith  respect to either 
mitotic or meiotic behaviour is considered to be one 
of the dependable indices lo estimate the potency of 
mutagen. Therefore, investigations on disturbances 
in meiotic behaviour indicating mutational genetic 
load form an integral part of most of the mutation 
studies. It also provides a considerable clue to assess 
sensitivity of plants for different mutagens, and to 
ascertain the most effective mutagen for a given crop 
to realize maximum results.

Vicia fa b a  ( fam ily  F abaceae ,  2n = 12) 
commonly known as broad bean, is an important crop 
used as vegetable, silage, forage and stock feed. Since 
genotype of Vicia faba L. is homozygous because of 
often self-pollination, therefore, there is a need to 
create variation to facilitate genetic improvement by 
mutation breeding. Physical and chemical mutagens 
p rov ide  a good scope for selection, as a tool for
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inducing alterations in the genotype to enhance the 
variability of characters. The present investigation has 
been taken to assess the effectiveness of physical and 
chemical mutagens on an important variety of Vicia 
faba  L.

MATERIALS AND METHODS

Dry seeds of Vicia faba  L. var. minor were irradiated 
with 4 doses of gam m a rays viz. lOkR, 20kR.30kR 
and 40kR from the 60Co source at IARI/N ew  Delhi. 
In another two sets the seeds soaked in water for 12 
hours were surface dried w ith  soaking paper, and  
then treated with different concentrations of freshly 
prepared EMS (0.1%, 0.2%, 0.3% and 0.4%) and MMS 
(0.01%, 0.02%, 0.03% and 0.04%) at pH 7.0 for six 
hours. After the treatment, all sets of seeds were sown 
in 3 replicates with 50 plants/replicate, to raise M, 
generation, along with control sets for comparison. 
For meiotic studies, young flower buds from 25-35 
r a n d o m ly  se lec ted  p la n ts  w ere  fixed in fresh ly  
prepared Carnoy's fixative. Squashes were made in 
2% acetocarmine and slides were made permanent 
th rough  buty l-a lcohol series. Pollen fertility was 
assessed using  2% acetocarmine-glycerine staining 
technique w here  uns ta ined  and sh runken  pollen 
grains were considered sterile.

OBSERVATIONS

Meiosis was perfectly normal in the control plants 
s h o w in g  6 b iv a le n ts  at m e tap h ase -1  and 6:6 
a n ap h a se -I  d is ju n c tio n .  H o w e v e r ,  a n u m b e r  of 
meiotic abnormalities were recorded in plants raised 
from seeds treated with varying doses / concentrations
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of different mutagens. The most frequent aberrations 
were stickiness, laggards, bridges, disturbed polarity, 
n o n -s y n c h ro n is a t io n ,  cy to m ix is ,  p reco c io u s  
separation, univalents, trivalcnts and multivalents. 
Representative cytological features are shown in the 
Fig.l (A-H). A dose dependen t increase in meiotic 
a b e r ra t io n s  w as o b se rv e d  w ith  all m u ta g e n ic  
treatments. The maximum aberrations were found 
at higher doses of each mutagen. Although most of 
the abnormalities were present in all the treatments, 
multivalents, stickiness and precocious separation 
w ere  d o m in a n t  at m e ta p h a s e .  A m o n g  the 
abnormalities at telophase, disturbed polarity was 
dom inant, w hereas anaphasic  abnorm alities were 
found almost in equal p roportion  in all the three 
mutagen treated populations. Univalents, bivalents, 
trivalcnts and cytomixis were found at metaphase- 
I/II.
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Fig.l R epresentative m eiotic features observed  in the control 
and  m utagen  treated p lan ts of Vicia faba L . : A, B. M etap h ase / 
Anaphase-1 in control, C. Stickiness at m etaphase-I, D. Bridges 
a t  a n a p h a s e - I I ,  E. L a g g a rd s  a t  a n a p h a s e - I ,  F. N o n -  
synchron isa tion  at anaphase-II /  telophase-II.

Laggards were found both at anaphase and 
te lo p h ase -I /I I .  Bridges w i th o u t  f ragm en ts  w ere  
observed more frequently at higher treatments both 
at anaphase and telophase-I/Tl.

Mostly the cells with single and double bridges 
were observed at anaphase and telophase. Disturbed 
polarity and non-synchronisation were also noted in 
all the treatm ents at anaphase  and te lophase-I /II  
respectively. The chromatin transmigration between

PMCs with cytoplasmic channels was the common 
feature in treated plants. Table 1 shows a comparative 
account of various meiotic abnormalities induced by 
gamma rays, EMS and MMS. Varying frequencies of 
pollen sterility was observed in all the m utagenic 
trea tm e n ts  w h ich  increased  w ith  an increase in 
mutagenic concentration.

DISCUSSION

In the present investigation, all the mutagenic 
t r e a tm e n ts  e x h ib i te d  s im ila r  ty p es  of m eio tic  
a b n o rm a l i t ie s  b u t  the p e rc e n ta g e  of these  
abnormalities was different in different treatments. 
This show s tha t these  m u ta g e n s  have  d iffe ren t 
mutagenic potential for Vicia faba  L.

Bivalents w ere  found c lum ped in single or 
different groups at m etaphase/anaphase due to their 
stickiness. Similar results  have been reported  by 
Abbasi and Anis (2002) in Trigonella foenum-graecum  
L. Stickiness could be due to depolymerisation of 
nucleic acid caused by mutagenic treatment or due 
to partia l d issocia tion  of the nucleopro te ins  and 
alterations in their pa tte rn  of organisation (Evans 
1962). Jayaba lan  and  Rao (1987) sugges ted  tha t 
s t ick iness  m ig h t  be d u e  to d is tu rb a n c e s  in the  
cytochemically balanced reactions. Gaulden (1987) 
a ttr ibuted chemically induced  stickiness to direct 
action of mutagen on the histone proteins leading to 
im p ro p e r  fo ld in g  of D NA. M u ta g e n  in d u c e d  
s t ru c tu ra l  ch a n g e s  in c h ro m o so m e s  and  gene  
m utations  m ight be responsible for the failure of 
pairing among homologous chromosomes and hence 
the p re sen ce  of u n iv a le n ts .  The occu rrence  of 
m u ltiva len t at m e tap h ase  have  been reported  in 
various plants like tom ato (Gill et al., 1980), lentil 
(Gupta et a l ,  1999) and barley (Kumar and Singh 
2003). M ultivalent form ation can be attributed to 
i r re g u la r  p a i r in g  an d  ’b reak a g e  fo llow ed  by  
translocations and inversions.

Precocious m o v e m en t  of chrom osom es at 
m e ta p h a s e - I / I I  seem s  to  be cau sed  by  sp in d le  
disfunction. Roy et al. (1971) also observed precocious 
separation of one or more bivalents at metaphase-1 
in Cucnmis sativu$ raised from seeds irradiated with 
gamma rays.



Lagging chromosomes may be explained on 
the basis  of ab n o rm a l  s p in d le  fo rm a t io n  and 
ch rom osom al b reak ag e .  B ridges  in g am m a ray 
trea tm en ts  seem more as a resu lt of pa racen tr ic  
inversion (Swanson 1965) as they were found with 
fragments. Disturbed polarity may be due to improper 
spindle functioning. Besides these, the transmigration 
of chromatin material with cy to miotic connections 
m ig h t have  re su l ted  in a l te re d  n u m b e r  of 
chromosomes in some pollen mother cells.

Po llen  s te r i l i ty  w as  h ig h e r  in MMS tre a tm e n ts  
followed by gamma rays and EMS and showed dose 
dependent increase (Table 1). Chary and Bhalla (1988) 
also reported an increase in pollen sterility with an 
increase in mutagenic treatment. Similar results by 
EMS were reported by Reddy and Annadurai (1992) 
in lentil, Dhamyanthi and Reddy (2000) in Capsicum 
annum. The high sterility observed in the treated 
populations may be attributed to vast array of meiotic 
ab e rra t io n s  th a t  w ere  induced  by physical and

1 able 1 A comparison of meiotic abnormalities induced by Gamma rays, EMS and MMS in Vicia faba  L
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chemical mutagens leading to aberrant pollen grains. 
I he ac tua l reaso n  of s te r i l i ty  c a u se d  by these  
mutagens may be a gene mutation or more probably 
inv is ib le  defic iencies .  The an a ly s is  of m eio tic  
abnormalities at different stages of cell division clearly 
demonstrated MMS to be more effective followed by 
gam m a rays and EMS in induc ing  the m axim um  
frequency of aberrations.

1 he useful variability is a pre-requisite for crop 
im provem ent and therefore, the first step in any 
b re e d in g  p ro g ra m m e  w o u ld  be the sea rch  for 
promising variability. In some crops such as maize, 
wheat and rice, a wide range of natural variability is

know n to occur in w ild  collections. I lowever, in 
legumes, the available natural variability is not rich, 
therefore, mutagenesis has proved to be a handy tool 
to e n h an c e  the  n a tu ra l  m u ta t io n  ra te , th e re b y  
enlarging the genetic variability and increasing the 
scope for des ired  selections. The p ro d u c t io n  of 
cy to log ica l v a r ia t io n s  in Vicia fa b a  L. may be 
cons idered  as ind ica to rs  to their co rrespond ing  
mutagenic efficiency at the first instance, that may in 
tu rn  lead to p ro d u c t io n  of g re a te r  p h e n o ty p ic  
variations, although not necessarily in terms of viable 
mutations.
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