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Mutagenicity of Radiations and Chemical Mutagens in S o r g h u m  * 
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Summary. A comparative study on the relative mutagenicity of radiations (X- and gamma rays) and chemical mu- 
tagens (EMS, MMS, dES and NE U) in inducing chlorophyll, viable and total  mutations was made on three cultivated 
varieties (Co. 11, Co. t 2 and Co. 18) of Eu-Sorghum. A critical comparison of the chlorophyll, viable and total muta- 
tions shows that  the mutat ion rate increased with an increase in dose up to a certain dose level beyond which the satura- 
t ion effect was observed. EMS was found to be the most potent mutagen in inducing chlorophyll, viable and total 
mutations. The treatments with NEU (viable mutations) and dES (viable and total  mutations) also proved to be 
effective. In  a large number of cases the relationship between chlorophyll and total  mutations was more close than that  
of viable to total  muta t ion rates. 

I nduced  mutagenes is  has become an  i m p o r t a n t  
tool for the p lan t  breeder  with the expans ion  in 
knowledge of techniques  for induc ing  n lu t a t i ons  and  
of the m u t a t i o n  process itself. The success of an  in-  
duced m u t a t i o n  breeding program depends  on the 
isolat ion of m u t a n t s  which will be useful ei ther  di- 
rect ly  or indirect ly .  This can be achieved b y  em- 
ploying a wide range of physical  and  chemical  mu t a -  
gens unde r  diverse condi t ions  of t r ea tmen t .  Chemi- 
cal mutagens ,  in  par t icu la r  a lkyl  a lkane sulphonates ,  
have  been shown to induce  a higher f requency  of mu-  
ta t ions  when  compared  wi th  rad ia t ions  and  other  
chemical  mutagens .  The present  s t ud y  was under -  
t aken  to inves t iga te  the relat ive mu tagen i c i t y  of 
different  rad ia t ions  and  chemical  mu tagens  in pro- 
ducing  chlorophyll ,  v iable  and  to ta l  mu t a t i ons  in 
three cu l t iva ted  variet ies  belonging to Sorghum sub- 
glabrascens and  S. durra of Eu-Sorghum. 

Material and Methods 

Tile material comprised two varieties (Co. 12 and Co. t 8) 
of Sorghum subglabrascens and one (Co. t i )  of S. durra of 
(series, Sat@a) Eu-Sorghum. The mutagens used were 
two physical mutagens (X- and gamma rays) and four 
chemicals, ethyl methane sulphonate (EMS), methyl me- 
thane sulphonate (MMS), diethyl sulphate (dES) and N- 
nitrosoethyl urea (NEU). 

Dry seeds with a moisture content of 11 per cent were 
treated with X- and gamma rays at a room temperature 
of 26 ~ I ~ A Philips X-ray machine, operated at 
50 KV delivering the dose rate of 500 R/sec., was used 
for X-irradiation. Gamma ray treatments  were given 
from a 3500 Curie 6~ Gamma Cell delivering the dose 
rate of 3200 I~/min. The solutions of EMS, MMS and 
dES were prepared in phosphate buffer pH 7, while NEU 
was in water solution. The seeds that  were pre-soaked in 
water for 4 h. were treated for 8 h. with the chemicals. 
In  treatments with dES, the solution was changed every 
30 min. The seeds soaked in buffer or water were used as 
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control. After treatment,  the seeds were washed for 
30 rain. and were sown in the field. 

Chlorophyll mutations were scored for 8 to 15 day old 
seedlings. Scoring of viable mutations was done conti- 
nuously over the entire life cycle of the plants. In  calcu- 
lating total  mutat ion rates on M 1 plant  basis, a family 
was counted as a segregating one if it segregated either 
for a chlorophyll or a viable mutation. Even if a family 
segregated for both chlorophyll and viable mutations it 
was counted as one segregating family in calculating the 
total  mutat ion rate. In  calculating the total  mutat ion 
frequency on M 2 plant  basis, the number of M 2 plants 
mutated for chlorophyll and viable mutations was added. 

Results 

Chlorophyll mutations: Chlorophyll  m u t a t i o n s  re- 
corded in  the present  s tudy  include albina, viridis, 
xantha, chlorina, striata, maculata, tigrina an d  albo- 
viridis. A dose-dependent  re la t ionship  for m u t a t i o n  
f requency was observed up  to 50 K R  in X- ray  t rea t -  
men t s  and  20 K R  in t r e a t m e n t s  wi th  g a m m a  rays.  
In  t r e a tmen t s  with chemical  mutagens ,  as well as a 
l inear  relat ionship,  a sa tu ra t ion  effect was evident  in 
all the three variet ies  (Figs. 1--3) .  The order of po- 
t ency  of mu tagens  in induc ing  the chlorophyll  mu ta -  
t ions as measured  b y  the f requency at dose for 75% 
surviva l  was as follows: 

M 1 p lan t  basis:  EMS ~ dES ~ G a m m a  rays > NEU 
X-rays ~ MMS 

M 2 p lan t  basis:  EMS ~ dES ~ G a m m a  rays ~ X- 
rays > MMS ~ NEU 

EMS was found to be ten  t imes more po ten t  t h a n  
NEU and  MMS. Next  to EMS, dES and  g a m m a  
rays proved to be equal ly  potent .  

Viable mutations: Viable m u t a t i o n s  include those 
affecting the morphology  of different  par ts  of the 
p lan t  such as habi t ,  s ta ture ,  leaf, s tem, panicle  and  
spikelets. A crit ical  compar ison of the viable m u t a -  
t ions shows tha t  the m u t a t i o n  rate  increased with an 
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increase in dose up to a certain dose level, and at 
higher doses it levelled off in all the three varieties in 
treatments with radiations and chemical mutagens 
(Figs. 1 --3). The order of potenc~z of mutagens in in- 
ducing viable mutations as measured by the frequency 
at dose for 75 % survival was as follows: 
M~ plant basis: dES > NEU > EMS > Gamma 

rays > X-rays > MMS 
M 2 plant basis: N E U > E M S > M M S = d E S >  

X-rays > Gamma rays 

The mutagens NEU (M: and M, plant basis), 
EMS (M, plant basis) and dES (3/1 plant basis) were 
found to be more effective in inducing viable muta- 
tions than the rest. 
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Fig. 2. Frequency of chlorophyll, viable and total  mutations 
i n M  sof  Co. 12 

Total mutations: The frequency of mutations in- 
creased up to a certain dose level beyond which it 
decreased (Figs. t--3). The order of potency in in- 
ducing total mutations as measured by the frequency 
at dose for 75 % survival was as follows: 

M: plant basis: dES > EMS > Gamma rays > NE U 
MMS > X-rays 

M 2 plant basis: EMS > NEU > Gamma rays 
dES > X-rays > EMS 

EMS (M2 plant basis) and dES (3//1 plant basis) 
induced the maximum frequency of total mutations. 

D i s c u s s i o n  

Chlorophyll mutations: A linear relationship of mu- 
tation frequency with dose was observed in treat- 
ments with gamma rays, MMS and dES on]y in the 
variety Co. i t .  A linear or exponential dose rela- 
tionship was obtained in a series of experiments after 
irradiation and EMS treatments in barley (Gaul, 
1964) and after X-irradiation in rice (Yamaguchi, 
1964, Fujii, t962). A saturation effect was observed 
in all the three varieties at high doses in treatments 
with radiations and chemical mutagens. Matsuo 
(t962) and Kawai (1962) in rice, Wellensiek (1965) in 
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peas, Hildering (1963) in tomato, Ehrenberg and 
Nybom (1954) in barley reported a saturation effect 
after mutagenic treatments. 'Saturation point '  was 
attributed to the rigour of both diplontic and haplon- 
tic selection in the biological material (Swaminathan, 
1961). The low potency of N E U  and M M S  was due 
to their high toxicity. In contrast, with a high survi- 
val percentage, EMS treatments produced a high fre- 
quency of chlorophyll mutations (Sree Ramulu, 
1968). 

Viable mutations: The frequency of viable muta- 
tions showed not only a linear relationship with dose 
but also a saturation effect. Wellensiek (1965) re- 
ported that  in peas the frequency of mutations in- 
creased with increasing dose of EMS and the increase 
was rather regular but not large in gamma ray treat- 
ments, while for X-rays, viable mutations occurred 
only in the highest doses. The phenomenon of satu- 
ration at high doses was also recorded by Kawai 
(t962) in the rate of morphological mutations by X- 
ray treatment of florets. N E U  and E M S  were twice 
as efficient as the physical mutagens. Wellensiek 
(t965) working on peas reported that  E M S  yielded 
approximately five times more mutations than did 
radiations. 

Total mutations: As in the case of chlorophyll and 
viable mutations, as well as a linear relationship, a 
saturation effect was evident at high doses. E M S  
and dES were found to be the most potent in indu- 
cing total mutations. 

N E U  was found to be highly potent in inducing 
the frequency of viable and total mutations and also 
the most effective as estimated by the scheme sug- 
gested by Konzak et al. (1965), though the rate of 
chlorophyll mutations and mutagenic efficiency were 
lower when compared with other mutagens (Sree Ra- 
mulu, 1968). 

Relationship between the chlorophyll, viable and to- 
tal mutations: The rate of chlorophyll mutations in- 
creased with an increase in dose of gamma rays, M M S  
and N E U ,  when computed on both M 1 and M, plant 
basis, while the frequency of viable mutations sho- 
wed a decrease at high doses. The spectrum of chlo- 
rophyll mutations was the widest in C0.18, while 
C 0.11 showed the widest spectrum of viable muta- 
tions. These findings emphasize that  the occurrence 
of chlorophyll and viable mutations are different 
events and are independent of each other. Gaul 
(1964) and Rao and Natarajan (1965) working on bar- 
ley have expressed similar views. I t  is also evident 
that  in a large number of cases, the relationship bet- 
ween chlorophyll and total mutations was more close 
than that  of viable to total mutation rates (Figs. 
1-3). 
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