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Induced Mutations in Foxtail Millet (Setaria italica Beauv.) 

I. Chlorophyll  Mutations Induced by Gamma rays, EMS and DES 

P. K. GUPTA and  YASHVIR 

Cytogenet ics  Labora tory ,  Divis ion of P l a n t  Sciences, Meerut Un ive r s i ty  I n s t i t u t e  of Advanced  Studies,  
Meerut (India)  

Summary, Chlorophyll mutat ions induced by gamma rays, EMS and DES were studied in foxtail millet (Setaria itali- 
ca), us ingtwo cultures, 1ViU-I (bristled) and MU-2 (non-bristled). No major differences in the mutagenicresponse ofthe 
two cultures were observed. The treatments included four doses of gamma rays (10Kr, 20Kr, 30Kr, 40Kr) and four 
durations (6 hrs, 12 hrs, 18 hrs, 24 hrs) each of EMS (0.1%) and DES (0A %). The combined treatments of gamma rays 
+ EMS and gamma rays + DES were also given. 

Frequencies of chlorophyll mutat ions were recorded by three different methods, viz. (a) mutat ions per cent M 1 plants, 
(b) mutat ions per cent M 1 spikes and (c) mutants  per cent M s plants. No significant differences in the results obtained 
by these three methods were observed. The frequencies and spectrum of mutations are discussed. Chlorina type were 
most frequent and viridoalbina least frequent. Striata and virescens were also quite common. Albinos, reported fre- 
quently in other crops, were found to be less frequent in foxtail millet during the present study. Number of sectors per 
spike were also determined from segregation ratios and only one sector per spike was found at all doses. Efficiency and 
effectiveness of mutagens were also determined and discussed. The results are also discussed with respect to mutagen 
specificity. 

Introduction 

I n  order to induce  and  uti l ize useful  m u t a t i o n s  for 
p l an t  breeding,  the  sys temat ic  s t udy  of induced  
mutagenes i s  in a va r i e ty  of crop p lan t s  is essential.  
Al though  extens ive  s tudies  on induced  m u t a t i o n s  in 
bar ley  and  similar  cereal crops have been u n d e r t a k e n  
in the past ,  l imi ted  reports  are avai lable on millets,  
such as s tudies  in Sorghum vulgare b y  Sharma (t965), 
Kapoor  (t967), Goud, Naya r  and  Rao (t970) and  Sree 
R a m u l u  (1972), and  in Eleusine coracana, by  Goud, 
N a y a r  and  Rao (t969, 197t). However,  no reports  on 
induced  m u t a t i o n s  are avai lable  for foxtai l  millet  
(Setaria italica), which is an i m p o r t a n t  crop in the 
arid areas of Ind ia .  

Material and Methods 
Commercial seed of foxtail millet (Setaria italica) was 

selfed for several generations and two distinct cultures, 
namely (a) bristled (designated as MU-I) and (b) non- 
bristled (designated as MU-2), were isolated. The seeds 
has a moisture content  of 9.6% in MU-! and t0.8% in 
MU-2. The seed from the two cultures was subjected to 
the following treatments  of gamma rays, EMS (ethyl 
methane sulphonate) and DES (diethyl sulphate) : 

(t) Irradiation of fresh seed with gamma rays at the 
following doses: 10Kr, 20Kr, 30Kr, 40Kr. 

(2) Soaking of fresh seed in 0.1% aqueous solution of 
EMS for the following durations : 6 hrs, 12 hrs, t 8 hrs, 
24 hrs. 

(3) Soaking of fresh seed in 0.1% aqueous solution of 
DES for the following durations: 6hrs, 12hrs, 18hrs, 
24 hrs. 

(4) Soaking of seed irradiated with 10Kr, 20Kr, 30Kr 
and 40Kr, in 0.1% aqueous solution of EMS for 6hrs and 
t 2 hrs. 

(5) Soaking of seed irradiated with 10Kr, 20Kr, 30Kr, 
and 40Kr, on 0.t % aqueous solution of DES for 6hrs and 
12 hrs. 

Gamma rays were secured from gamma cell-200 having 
a 2000 curie Co 6~ source located at the Division of Gene- 
tics, IARI,  New Delhi. EMS of Eastman Kodak Chemi- 
cals, USA, and DES of BDH Chemicals Limited were 
used for preparing aqueous solutions of chemical mutagens. 
Treatments with chemical mutagens were given with 
intermit tent  shaking. In  each treatment,  200 seeds were 
treated and grown in a randomized block design with 
four replications. Seeds were initially sown in nursery 
beds and the surviving seedlings were transplanted on the 
25th day. In the plots, the rows were placed two feet 
apart, with the plants in a row spaced t0 inches apart. 

The seed from each spike of a plant  in the M 1 gene- 
ration was harvested separately and the first two spikes 
from each plant  were studied for chlorophyll mutations in 
progeny tests. Chlorophyll mutat ions were scored in the 
nursery beds before transplantation.  

Results 

The frequencies of chlorophyll  m u t a t i o n s  were 
recorded using the following three me thods :  

(a) m u t a t i o n s  per cent  M 1 plants ,  

(b) m u t a t i o n s  per cent  M1 spikes 

(c) m u t a n t s  per cent  M2 plants .  

In  the first two methods,  m u t a t i o n s  were recorded 
on the basis of segregation observed in par t icu lar  
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Table !. Frequencies of chlorophyll mutations in Setaria italica (MU-t) 

Treatment ~Dose/ 
duration 

Population size Mutation tYequency (%) 

Mx Ma Ma Mx Ms Ms 
plants spikes seedlings plants spikes seedlings 

Control -- 80 158 7,900 -- -- -- 

Gamma rays t0Kr  t20 23t 30,723 7.5 4.7 t.57 
20Kr 80 149 12,367 t0.0 7.3 2.50 
30Kr 6t 108 4,752 14.7 9.2 3.11 
40Kr 39 67 2,627 15.3 11.9 4.22 

EMS (0.t %) 6 hrs 82 t59 20,352 8.5 6.2 2.82 
12 hrs 86 t70 t7,687 11.6 8.8 3.15 
18 hrs 85 161 13,057 t4.1 11.1 3.76 
24 hrs 58 102 6,322 15.4 12.7 4.58 

DES (0.t%) 6hrs  t03 19t 26,398 6.7 4.1 1.61 
t 2 h r s  t ! 6  219 27,942 8.6 6.8 2.23 
18 hrs t27 241 21.693 t l .0  9.1 2.84 
24 hrs t t 2  203 t6,766 13.3 10.3 3.46 

Gamma rays (10Kr) 6 hrs 81 148 10,656 t t . t  9.4 3.04 
+ EMS (0.1%) t2 hrs 65 1t7 t7,656 12.3 11.2 3.80 

Gamma rays (20Kr) 6 hrs 51 94 6,175 15.6 11.5 4.25 
+ EMS (0.t%) t2 hrs 53 95 4,940 16.9 t2.6 4,87 
Gamma rays (30Kr) 6 hrs 34 66 3,894 t 7.4 13.6 5.31 
+ EMS (0.1%) t2 Jars 45 81 4,510 17.7 14.8 6.34 
Gamma rays (40Kr) 6 hrs 22 40 1,862 18.t t 5.3 7.08 
+ EMS (0.1%) t2 hrs 18 28 t,324 16.6 14.3 8.t5 
Gamma rays (t0Kr) 6 hrs 74 t41 tt ,388 10.8 7.8 2.74 
-t- DES (0.1%) 12hrs  61 107 8,024 13.t t l .2  3.56 
Gamma rays (20Nr) 6 hrs 48 9t 5,888 14.5 t 1.9 3.97 
+ DES (0.t%) 12 hrs 43 76 5,508 13.9 11.5 4.13 
Gamma rays (30Kr) 6 hrs 33 6t 3,t62 t 5.1 t2.9 5.09 
+ DES (90.1%) 12 hrs 39 71 4,252 17.9 14.0 5.66 
Gamma rays (40Kr) 6 hrs 22 37 t,786 t8.t 15.7 6.83 
+ DES (0.t%) 12hrs t6 28 947 17.6 14.2 7.81 

p rogeny  (Figs. 1, 2), while in the  th i rd  method ,  mu-  
t an t s  were acored f rom the to ta l  M s popula t ion .  The  
frequencies of chlorophyl l  m u t a t i o n s  on the  basis of 
the  three me thods  are presented  in Tables  t and  2 for 
cultures M U d  and  MU-2, respectively.  

The  spec t rum of chlorophyl l  mu ta t i ons  was classi- 
fied following Gustafsson (1940) and  the  following 
different  kinds were ident i f ied:  

(i) albino: seedlings white  in colour ;  survive up  to  
three leaf s tage and  die wi thin  5 - - t 5  days  (Figs. t ,  2). 

(ii) virescens: seedlings yellowish-green in colour, 
gradual ly  changing  to  light green and  finally to  nor-  
mal. 

(iii) chlorina: seedlings slow growing and  yellow- 
ish-green in colour;  the colour  persists till the  seed- 
lings die wi thin  30 days.  

(iv) alboviridis: seedlings wi th  leaves white  at  the  
t ip and  yellowish-green in the  lower region (Figs. 3, 4). 

(v) viridoalbina: seedlings wi th  leaves white  at  the  
base and  yellowish-green in the upper  region. 

(vi) striata: seedlings wi th  leaves character ized 
by  the  presence of longi tudinal  zones of normal  
green, a l te rna t ing  wi th  yellow (Fig. 5). 

The  frequencies of the  var ious  kinds of chlorophyl l  
mu ta t i ons  ob ta ined  in culture MU-t  and  culture 
MU-2 are presented in Table  3 and  Table  4, respec- 
t ively.  The frequencies of different kinds of chloro- 
phyl l  mu ta t ions  were recorded on ly  as per cent  M S 
m u t a n t  seedlings, following Gaul 's  (1964) suggest ion 
t h a t  this is the  mos t  reliable es t imate  of m u t a t i o n  
frequencies at  different doses of t r ea tmen t .  

To ascertain the  number  of sectors forming a spike, 
the  segregat ion d a t a  for chlorophyl l  mu ta t i ons  were 
analysed,  using the d a t a  for four different doses of 
g a m m a  rays  per ta in ing  to  cul ture  MU-t  only.  The  
number  of sectors was worked  out  as expec ted  rat io/  
observed ratio.  The expec ted  segregat ion rat io was 
t aken  to  be 25% on the  basis of a 3 : t ratio.  The ana-  
lysis is presented in Table 5 and  suggests t h a t  only  
one sector is found at  the different doses of t r ea tment .  

Eff ic iency and  effectiveness of different mu tagens  
were worked  ou t  using formulae b y  Konzak ,  Nilan, 
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Tab le  2. Frequencies of chlorophyll mutations in Setaria italica (MU-2) 

Dose/ Population size 

Trea tment  dura- M1 M1 Ms M1 
tion plants  spikes seedlings plants 

Con t ro l  --  80 t 57 7,850 -- 

G a m m a  r ays  10Kr  t 06 t 93 29, 722 8.4 
20Kr  t01 187 17,268. 10.8 
30Kr  92 171 t4 ,053 14.1 
4 0 K r  48 81 4,797 16.6 

E M S  (0.1%) 6 h r s  117 218 26,984 8.5 
1 2 h r s  134 251 28,265 10.3 
1 8 h r s  137 247 20,925 13.1 
2 4 h r s  128 238 17,616 16.4 

D E S  (0.1%) 6 h r s  t 2 6  237 30,094 7.1 
12 h r s  123 231 27,268 9.7 
1 8 h r s  t 0 9  207 20,162 12.3 
2 4 h r s  t 1 2  204 17,012 13.4 

G a m m a  rays  (10Kr) 6 h r s  64 t16  8,626 10.9 
-/- EMS (0.1)% 1 2 h r s  62 1o3 6,027 14.5 

G a m m a  r ays  (20Kr) 6 h r s  51 92 5,704 13.7 
§ EMS (0.1%) 1 2 h r s  57 97 5,159 15.7 

G a m m a  rays  (30Kr) 6 h r s  47 84 2, 912 t 7.0 
+ EMS ( 0 . t % )  1 2 h r s  30 52 1,431 16.6 

G a m m a  rays  (40Kr) 6 h r s  27 47 1,246 22.2 
+ EMS (0.1%) 1 2 h r s  23 41 847 21.7 

G a m m a  rays  (10Kr) 6 h r s  94 178 14,643 9.5 
+ D E S  (0.1%) 1 2 h r s  78 137 10,412 13.1 

G a m m a  r ays  (20Kr) 6 h r s  66 119 6,987 t 3.6 
+ D E S  (0 . t%)  1 2 h r s  57 105 3,787 14.0 

G a m m a  r ays  (30Kr) 6 h r s  51 87 3,152 15.6 
q- D E S  (0.1%) 1 2 h r s  34 61 2,493 17.6 

G a m m a  rays  (40Kr) 6 h r s  34 52 1,979 17.6 
q- D E S  (0.1%) 1 2 h r s  31 54 1,504 16.1 

Mutat ion frequency (%) 

M 1 M s 
spikes seedlings 

5.1 1.70 
7-7 2.22 

10.4 3.46 
12.6 4.69 

6.4 1-77 
8.9 2.54 

10.9 3.47 
13.0 4.71 

4.9 1.48 
6.9 2.13 
9.6 2.89 

10.4 3.60 

8.6 2.97 
1o.3 3.91 

11.9 4.24 
14.3 5.03 

t4 .2  5.63 
15.0 5.93 

17.1 6.58 
17.4 7.31 

7.3 2.64 
11.6 3.98 

t0.7 4.12 
12.1 5.06 

13.7 5.61 
14.7 6.77 

15.4 7.33 
14.3 7.91 

Fig. 1. A spike progeny showing segregation for albino mutan t  

Fig. 2. Leaves from control and albino seedlings 

Fig. 4. A seedling of viridoalbina and a control seedling 

Fig. 5. A striata seedling and a control seedling 

Fig. 3. A spike progeny showing segregation for viridoalbina 
mutan t ;  

Figs. I -- 5. Chlorophyll mutat ions in Setaria italica Fig. 2 Fig. 4 Fig. 5 
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Table 3. Frequencies of different kinds of chlorophyll mutations in Setaria italica (MU-1) 

245 

Treatment 

Mutation frequencies (mutants, % M S seedlings) Dose/ 
dura- vire- albo- virido- 
tion albino chlorina seens viridis albina striata 

Control 

Gamma rays 

EMS (0.1%) 

DES (o.1%) 

Gamma rays (10Kr) 
+ EMS (0.1%) 

Gamma rays (20Kr) 
+ EMS (0.1%) 

Gamma rays (30Kr) 
+ EMS (0.1%) 

Gamma rays (40Kr) 
+ EMS (o.1%) 
Gamma rays (10Kr) 
+ DES (o.t%) 
Gamma rays (20Kr) 
+ DES (0.1%) 

Gamma rays (30Kr) 
+ DES (o.t%) 
Gamma rays (40Kr) 
+ DES (0.t%) 

10Kr 0.22 0.35 0.66 0.09 -- 0.25 
20Kr 0.44 0.1 t 0.50 -- -- 0.48 
30Kr 0.46 0.99 0.57 -- -- t.09 
40IZr 0.27 0.72 t .52 0.42 -- 1.29 

6 hrs 0.15 1.00 0.45 0.t7 0.26 0.79 
t2 hrs 0.16 t.03 0.66 0.46 -- 0.83 
t8 hrs 0.t 5 1.13 1.31 -- -- t.18 
24 hrs 0.20 1.61 0.92 0.27 0.t4 1.44 

6 hrs -- 0.48 0.62 0.11 -- 0.40 
t2 hrs 0.15 0.84 0.65 -- -- 0.59 
t 8 hrs 0.21 0.80 t.10 0.07 -- 0.66 
24 hrs 0.t3 0.89 1.2t 0.08 0.t0 t.06 

6 hrs 0.44 0.30 t.54 -- -- 0.76 
12 hrs 0.25 0.76 1.91 -- -- 0.89 

6 hrs 0.28 1.36 t . t7  -- 0.33 t.23 
t2 hrs 0.22 1.3t 1.76 0.30 -- t .28 

6 hrs 0.36 t.16 2.11 0.3t -- t.39 
12 hrs 0.20 1.69 2.31 -- -- 2.15 

6 hrs -- 1.2t 3.60 -- -- 2.20 
t2 hrs t.06 1.21 2.57 -- -- 3.32 

6 hrs 0.20 0.50 t.06 ~ 0.15 0.83 
12 hrs 0.67 0.55 1.69 -- -- 0.65 

6 hrs 0.36 0.41 2.01 0.24 -- O.97 
t2 hrs 0.22 1.24 1.59 -- -- 1.11 

6 hrs 0.51 0.98 1,80 0.35 -- 1.45 
t2 hrs 0.33 0.99 2.45 -- 0.24 t.67 

6 hrs -- 0.61 3.19 -- -- 3.02 
12 hrs -- 0.88 4.0t -- -- 3.30 

Wagne r  and  Fos te r  (t965). The resul ts  are presen ted  
in Table  6. I t  is obvious  t h a t  efficiency as well as 
effectiveness goes down wi th  increas ing doses of 
g a m m a  rays  or wi th  increases in the  du ra t i on  of 
t r e a t m e n t  wi th  chemical  mutagens .  The efficiency 
goes down at higher doses because of an increase in 
l e tha l i ty  w i thou t  a n y  appreciable increase i n  m u t a -  
t ion  frequency.  Similar,  effectiveness declines be- 
cause the m u t a t i o n  f requency  does no t  increase in the 
same propor t ion  wi th  increases in dose or dura t ion .  

The  d a t a  on the  frequencies of different  types  of 
chlorophyl l  m u t a t i o n  were pooled for each m u t a g e n  
in order  to s t u d y  the  specifici ty of mutagens .  The 
pooled m u t a t i o n  frequencies are presented  in Table  7. 

D is cu s s ion  

A m o n g  millets,  r ad i a t ion - induced  chlorophyl l  mu-  
t a t i o n s  have been s tudied  in Eleusine coracana b y  
Goud,  Naya r  and  Rao (t969) and  in Sorghum vulgare 
b y  Goud, N a y a r  a n d  Rao (1970) and  Sree R a m u l u  
(t972). S imi lar ly  EMS- indnced  chlorophyll  m u t a -  
t ions  in Sorghum vulgare were repor ted  b y  Kapoor  
(1967). These reports  m a i n l y  deal t  wi th  m u t a t i o n  
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frequencies a nd  several  o ther  aspects were n o t  s tu-  
died. The present  s t udy  is the  first a t t e m p t  to s t u d y  
induced  chlorophyl l  m u t a t i o n s  in Setaria italica, 
us ing  r ad ia t ion  as well as Chemical mutagens .  

t. Methods/or Scoring Mutation Frequencies 
Dur ing  the  present  s t udy  m u t a t i o n  frequencies 

were recorded us ing three methods ,  namely ,  (a) mu-  
t a t i ons  per cen t  M 1 plants ,  (b) m u t a t i o n s  per cent  M1 
spikes a nd  (c) m u t a n t s  per cent  M2 plants .  F r o m  stu~ 
dies in bar ley  and  similar  crops, Gaul  (1964) suggested 
t h a t  m u t a t i o n  frequencies scored b y  me thods  (a) and  
(b) would be re la t ive ly  u n d e r e s t i m a t e d  a t  higher doses. 
This was considered to b e  due to three  factors:  (i) a 
reduc t ion  in the n u m b e r  of spikes per p l an t  at higher 
doses; (it) a reduc t ion  in the  n u m b e r  of seeds ob- 
t a ined  from a single spike at  higher doses; a nd  (iii) a 
reduc t ion  in the  n u m b e r  of sectors in each spike a t  
higher doses. While  all three  factors will con t r ibu te  
to an unde re s t ima te  of m u t a t i o n  frequencies as per 
cent  M 1 plants ,  the  first factor, i.e. n u m b e r  of spikes 
per p lan t ,  will no t  con t r i bu t e  to the  unde re s t ima te  if 
frequencies are worked out  as per cent  M1 spikes. 
Gaul  (t964), however,  argues t h a t  none  of these fac- 
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Tab le  4. Frequencies of different kinds of chlorophyll mutations in Setaria italica (MU-2) 

Treatment 

Dose/ Mutation frequencies (mutants, % M 2 seedlings) 

dura- vire- albo- virido- 
tion albino chlorina scens viridis albina striata 

Control  . . . . . . .  

G a m m a  rays  10Kr 0.31 0.29 0.57 -- 0 . t2  0.43 
20Kr 0.33 0.42 0.87 -- -- 0.57 
30Kr 0.33 0.67 t.37 0.15 -- 0.95 
40Kr  0.58 0.54 2.1t 0.33 -- 1.t3 

EMS (0.1%) 6 h r s  0.23 0.59 0.53 -- -- 0.42 
12hrs  0.3t 0.57 0.7t 0.21 -- 0.73 
18hrs  0.32 0.7t 1.31 0.25 -- 0.88 
24 hrs 0.54 1.22 1.79 0.22 0.10 1.24 

D E S  (0.1%) 6 h r s  0.12 0.50 0.46 0.15 -- 0.31 
12hrs  0.23 0.59 0.73 -- 0.08 0.50 
18 hrs 0.20 1.07 0.93 -- -- 0.60 
24 hrs 0.27 t .05 1.27 -- -- t .01 

G a m m a  rays  (10Kr) 6 h r s  0.28 0.78 t .08 -- -- 0.85 
+ EMS (0.1%) 12hrs  0.22 0.68 1.73 0.28 -- t.01 

G a m m a  rays  (20Kr) 6 hrs 0.30 0.63 t .61 -- 0.26 1.44 
+ EMS (0 . t%)  12hrs  0.60 0.79 2.17 -- -- 1.57 

G a m m a  rays  (30Kr) 6 hrs 0.38 1.37 2.16 0.27 -- 1.44 
+ EMS (0 . t%)  t 2 h r s  0.63 1.40 2.38 -- -- 1.54 

G a m m a  rays  (40Kr) 6 hrs --  1.04 2.65 0.72 -- 2.17 
+ EMS (0 . t%)  12hrs  -- 2.t3 3.42 -- -- 1.77 

G a m m a  rays  (50Kr) 6 hrs 0.49 0.3t 0.80 0.23 -- 0.8t 
+ D E S  (0.1%) 12hrs  0.53 0.61 1.60 --  -- 1.24 

G a m m a  rays  (20Kr) 6 h r s  0.39 0.73 1.70 0.37 -- 1.03 
+ D E S  (0.1%) t 2 h r s  0.37 0.92 2.06 0.29 -- 1.43 

G a m m a  rays  (30Kr) 6 hrs -- 1.54 2.70 -- 0.29 1.30 
+ D E S  (0.1%) 12hrs  0.48 1.85 2.73 --  -- t .72 

G a m m a  rays  (40Kr) 6 hrs -- 2.02 2.73 -- 0.56 2.07 
+ D E S  (0.1%) 12hrS 0.60 1.26 4.05 -- -- 2.00 

t o t s  wi l l  be  e f f ec t i ve ,  if  m u t a t i o n  f r e q u e n c i e s  a re  
w o r k e d  o u t  as m u t a n t s  p e r  c e n t  M,  p l an t s .  

A p p l y i n g  t he se  a r g u m e n t s  in t h e  p r e s e n t  s t u d y  of  
f o x t a i l  m i l l e t ,  i t  s h o u l d  be  r ea l i z ed  t h a t  o n l y  t h e  f i r s t  
t w o  sp ikes  of  a p l a n t  were  u s e d  t o  ra i se  t h e  M 2 p o p u -  
l a t i o n  a n d ,  t h e r e f o r e ,  a r e d u c t i o n  in t h e  n u m b e r  of  
sp ikes  a t  h i g h e r  doses  w o u l d  n o t  i n f luence  t h e  resu l t s .  
M o r e o v e r ,  s ince  a l a rge  n u m b e r  of  seeds  a re  o b t a i n e d  
f r o m  a s ing le  sp ike ,  r e d u c e d  f e r t i l i t y  a t  h i g h e r  doses  
w o u l d  s t i l l  g i v e  e n o u g h  seed  to  s h o w  seg rega t i on ,  i f  
a m u t a t i o n  w e r e  p r e s e n t .  L a s t l y ,  t h e r e  is e v i d e n c e  
f r o m  t h e  p r e s e n t  s t u d y  t h a t  p e r h a p s  a sp ike  cons is t s  
of  a s ing le  s e c t o r  in f o x t a i l  m i l l e t ,  so t h a t  t h e  q u e s t i o n  
of  a r e d u c t i o n  in t h e  n u m b e r  of  sec to rs  in a sp ike  a t  
h i g h e r  doses  does  n o t  ar ise .  I t  can ,  t he re fo re ,  be  
s u g g e s t e d  t h a t  t h e  t h r e e  f ac to r s  d i scussed  b y  Gau l  
(1964), in c o n n e c t i o n  w i t h  t h e  r e l a t i v e  u n d e r e s t i m a -  
t i o n  of  m u t a t i o n  f r e q u e n c y  a t  h i g h  doses  w h e n  re-  
c o r d e d  as p e r  c e n t  M 1 p l a n t s  o r  as  p e r  c e n t  M1 spikes ,  
do  n o t  h o l d  g o o d  in t h e  case  of  f o x t a i l  m i l l e t ,  a n d  t h a t  
e a c h  of  t h e  t h r e e  m e t h o d s  s h o u l d  g ive  an  e q u a l l y  
r e l i ab le  e s t i m a t e  of  m u t a t i o n  f r e q u e n c i e s  in f o x t a i l  
m i l l e t  a t  a l l  doses .  

H o w e v e r ,  an  i m p o r t a n t  f ac to r ,  w h i c h  m i g h t  h a v e  
c o n t r i b u t e d  to  a b i a s e d  e s t i m a t e  of  m u t a t i o n  f re-  
q u e n c y  a t  h igh  doses  in t h e  p r e s e n t  s t u d y ,  is t h a t  o n l y  
t h e  f i rs t  t w o  sp ikes  of a p l a n t  were  used  to  ra i se  t h e  M 2 
p o p u l a t i o n .  Gau l  (1961), u s ing  ba r l ey ,  a n d  Osone  
( t963) ,  in r ice,  r e c o r d e d  h i g h e r  m u t a t i o n  f r e q u e n c i e s  
in t h e  l a t e r  t i l lers .  T h e  o b v i o u s  e x p l a n a t i o n  for  such  
a d i f f e rence  w o u l d  be  d i p l o n t i c  se lec t ion  d u r i n g  
g r o w t h .  C o n t r a d i c t o r y  r e p o r t s  in th is  c o n n e c t i o n  a re  
also ava i l ab le .  F o r  i n s t ance ,  l ower  m u t a t i o n  f r e q u e n -  

Table  5. Number of sectors per spike at different doses of 
gamma rays in Setaria italica (MU-I )  

Number of Number of Segrega- Number of Treat- 
ment seedlings mutant tion ratio sectors 

examined seedlings (%) per spike* 

t 0 K r  2,178 483 22.7 1.10 
20Kr  1,593 309 19.3 1.29 
30Kr 678 148 21.8 1.14 
40Kr  514 t l l  21.1 1.16 

* Number of sectors = expected segregation ratio (25%) 
observed segregation ratio 
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Table 6. Efficiency and effectiveness of  different mutagens in Setaria itatica (MU-I, MU-2) 

Treatment 
Dose/ Culture MU-t Culture MU-2 
dura- 
tion efficiency effectiveness efficiency effectiveness 

Gamma rays t0Kr  -- * 0.16 0.07 
20Kr 0.10 0.13 0.09 
30Kr 0.08 0.10 0.11 
40Kr 0.07 0.11 0.08 

EMS (0.1%) 6hrs  0.12 4.70 0.t0 
t 2 h r s  0.24 2.63 t.21 
t 8 hrs 0.25 2.09 4.96 
24hrs  0.10 1.91 0.47 

DES (0.1%) 6hr s  0.30 2.67 0.31 
12 hrs --  * 1.86 0.26 
18hrs  - -*  t.58 0.t3 
24 hrs -- * 1.33 0.21 

Gamma rays  (10Kr) 6 hrs 0.12 --  0.04 
+ EMS (0.t%) t 2 h r s  0.10 -- 0.07 

Gamma rays (20Kr) 6 hrs 0.09 -- 0.07 
+ EMS (0.t%) 12hrs  0.10 --  0.09 

Gamma rays  (30Kr) 6 hrs 0.09 -- 0.09 
+ EMS (0.t%) t 2 h r s  0.12 -- 0.08 

Gamma rays  (40Kr) 6 hrs 0.t0 --  0.08 
+ EMS (0.t%) 12hrs 0.I0 --  0.09 

Gamma rays (10Kr) 6h r s  0.08 -- 0.09 
+ DES (0.t%) t 2 h r s  0.08 -- 0.10 

Gamma rays  (20Kr) 6 hrs 0.07 -- 0.08 
+ DES (0.t%) t 2 h r s  0.07 -- 0.09 

Gamma rays (30Kr) 6 hrs 0.07 -- 0.08 
+ DES (0.1%) t 2 h r s  0.t0 --  0.09 

Gamma rays (40Kr) 6 hrs 0.09 --  0.10 
+ DES (0.1%) 12hrs 0.09 --  0.t0 

0.17 
0.11 
0.12 
0.12 

2.95 
2.12 
1.93 
1.96 

2.47 
t .78 
1.18 
1.5o 

m 

m 

* In these treatments, survival was either equal to or improved upon control. 

cies in the  o n t o g e n e t i c a l l y  l a t e r  t i l lers  were r eco rded  
b y  Sarve l la ,  N i l an  a n d  K o n z a k  (1962) a n d  b y  F r y -  
denbe rg  a n d  J a c o b s e n  (1966) in b a r l e y  a n d  b y  R e d d y  
a n d  R e d d y  ( t97 t )  in rice.  No differences  in m u t a t i o n  
f requencies  be tween  ea r ly  a n d  l a t e  t i l le rs  were ob- 
se rved  b y  F r y d e n b e r g ,  Doss  a n d  S a n d r a e r  (t964) in 
b a r l e y  or  b y  K h a n  a n d  Dol l  (1968) in whea t .  

In  t he  p re sen t  s t udy ,  m u t a t i o n  f requencies  in- 
c reased  w i t h  increases  in dose or  d u r a t i o n  a n d  the  
same t r e n d  was obse rved  i r respec t ive  of t he  m e t h o d  
used  (Tables  1, 2). A c r i t i ca l  ana lys i s ,  however ,  in-  
d ica tes  t h a t  a t  h igher  closes m u t a t i o n s  r eco rded  as pe r  
cent  M1 p l a n t s  d id  n o t  show an increase  in the  same 
p r o p o r t i o n  as when scored  as m u t a n t s  pe r  cent  Ms 
p lan t s .  This  sugges ts  a r e l a t ive  u n d e r e s t i m a t i o n  of 
m u t a t i o n  f r equency  (mu ta t i ons  pe r  cent  M 1 p lan ts ) .  
No su i tab le  e x p l a n a t i o n  for  th is  can be g iven  in view 
of t he  a b o v e  discussion.  

2. Mutation Frequencies 

The  poo led  d a t a  p r e s e n t e d  in Tab le  7 i n d i c a t e  
c lea r ly  t h a t  t he  response  of the  two  cu l tures  (MU-t  
a n d  MU-2) in ch lo rophy l l  m u t a t i o n s  was  s imi la r  
excep t  for m i n o r  differences.  I t  is obv ious  t h a t  t he  

t o t a l  f requencies  of ch lo rophy l l  m u t a t i o n s  in t he  two  
cu l tu res  were n o t  v e r y  d i f ferent  (3.09% for MU-t  a n d  
2.97% for MU-2), t h o u g h  s l igh t ly  h igher  in cu l tu re  
M U - t .  W h e t h e r  such a difference could  be a t t r i b u t e d  
to  a difference in the  moi s tu re  c on t e n t  of the  seed of 
t he  two  cu l tures  wou ld  be d i f f icul t  to  say.  I t  is also 
obv ious  t h a t  the  m u t a t i o n  f requencies  in genera l  were 
m u c h  h igher  in t he  c o m b i n e d  t r e a t m e n t s  t h a n  in the  
t r e a t m e n t s  w i th  i n d i v i d u a l  mu tagens .  However ,  no  
synerg i s t i c  effect was obse rved .  

The  m u t a t i o n  f requencies  o b t a i n e d  dur ing  the  
p resen t  s t u d y  in fox ta i l  mi l le t  (Setaria italica) can be 
c o m p a r e d  w i th  those  r e p o r t e d  ear l ie r  in o the r  mi l le t  
crops.  Goud,  N a y a r  a n d  R a o  (t969) r e p o r t e d  a mu-  
t a t i o n  f r equency  as high as t 5.6% wi th  20Kr  dose in 
a p a r t i c u l a r  v a r i e t y  of rag i  (Eleusine coracana). Since 
th is  f r equency  was r eco rded  as pe r  cent  M1 p lan t s ,  
th is  will  a m o u n t  to  on ly  4 % - - 5  % m u t a n t s  pe r  cen t  
Ms p lan t s .  I n  j owar  (Sorghum vulgate), Goud,  N a y a r  
and  R a o  (t970) r e p o r t e d  a m u t a t i o n  f r equency  of 
6.23% m u t a n t s  pe r  cent  Ms p lan ts .  In  t he  p resen t  
s tudy ,  a t  20Kr,  t he  m u t a t i o n  f requencies  were 
2.50% in MU-t  and  2.22% in MU-2. A t  40Kr,  t he se  
f requencies  were 4.22% in MU- t  and  4 .69% in MU-2. 
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Table 7. Frequencies of different kinds of chlorophyll mutations from pooled data in Setaria italica 
(MU-1, MU-2) 

Treatment Culture 
Mutation frequencies (mutants, % M e seedlings)* 

albino vire- chlorina albo- virido- striata Total 
scens viridis albina 

Gamma rays MU-I 0.30 0.6t 0.66 0.08 -- 0.44 2.08 
(t4.4) (29.3) (31.7) (3.8) (21.1) (100.0) 

MU-2 0.34 0.42 0.93 0.06 0.05 0.62 2.43 
'(t3.9) (17.2) (38.2) (2.5) (2.1) (25.9) (100.0) 

EMS MU-t o.16 1.1o 0.76 0.23 o.11 0.96 3.33 
(4.8) (33.1) (22.8) (9.9) (3.3) (28.9) (100.0) 

MU-2 0.26 0.73 I .o0 0.15 0.O2 0.77 2.93 
(8.9) (24.9) (34.1) (5.1) (0.7) (26.3) (100.0) 

DES MU-I 0.12 0.74 0.85 0.06 0.02 0.64 2.42 
(4.9) (30.5) (35.1) (2.4) (0.8) (26.4) (100.0) 

MU-2 0.20 0.75 0.78 0.03 0.02 0.57 2.35 
(8.5) (3t.5) (33.1) (1.3) (0.9) (24.3) (100.0) 

Gamma rays MU-I 0.32 0.98 1.89 0.07 0.03 t.28 4.57 
+ EMS (7.0) (24.4) (4t.3) (1.5) (0.7) (28.0) (100.0) 

MU-2 0.33 0.86 t.73 0.11 0.05 1.26 4.34 
(7.6) . (19.8) (39.9) (2.5) (1.2) (29.0) (100.0) 

Gamma rays MU-1 0.34 0.70 1-75 0.06 0.07 1.13 4.05 
+ DES (8.4) (17.3) (43.2) (t .5) (I .8) (27.8) (100.0) 

MU-2 0.42 0.76 1.66 0.14 0.04 1.17 4.21 
(10.0) (18.1) (39.4) (3.3) (1.0) (27.8) (100.0) 

Total 
MU-I 0.22 0.82 1.07 0.10 0.94 0.83 0.39 

(7.1) (26.5) (34.7) (3.2) (1.4) (27.0) (100.0) 
MU-2 0.29 0.69 1.09 0.09 0.03 0.76 2.97 

(9.7) (23.5) (36.7) (3.0) (1.0) (26.2) (100.0) 

* Figures in parentheses are relative per cent values. 

These frequencies are, therefore,  lower than  the high- 
est m u t a t i o n  frequencies recorded in some other  
varieties. The greatest  m u t a t i o n  frequencies during 
the present  s t udy  were recorded in combined t reat -  
men t s  of g a m m a  rays  - -  DES.  These frequencies 
were 7.81% in MU-t and 7.91% in MU-2. 

3. Mutation Spectrum and Mutagen Specificity 

In  bo th  the cultures of foxtail  millet, chlorina mu- 
ta t ions  were most  f requent  and  viridoalbina were 
least f requent ,  so m u c h  so t h a t  no viridoalbina muta -  
t ions  were ob ta ined  wi th  g a m m a  rays in culture 
MU-t .  The order of relative frequencies of different 
kinds of chlorophyll  mu ta t i on  can be represented as 
chlorina ~ striata ~ virescens >~ albino ~ alboviridis 
> viridoalbina. Such a relat ionship was observed in 
b o t h  the  cultures, confirming the kind of muta t ion  
response given b y  foxtail  millet. There were, however,  
minor  differences in the response of the two cultures. 

I n  culture MU-t ,  in the combined t rea tments ,  
striata was more  frequent  t han  virescens, while in 
single t rea tments ,  virescens was more frequent  than  
striata. With  EMS, in culture MU-t ,  virescens and  
striata exceeded the f requency of chlorina, which 
otherwise was highest  in most  of the t rea tments .  This 
s i tuat ion was no t  no ted  in culture MU-2. In  culture 

MU-2, in DES t reatments ,  striata was more frequent  
t han  virescens (Table 7). 

I t  is generally believed t h a t  ionizing radiat ions  
produce a high f requency of the albino type  of chloro- 
phyll  mu ta t i on  and the chemical mutagens  produce a 
high f requency of other  types,  such as viridis, chlorina 
and  xantha (Gustafsson, 1963). Gaul (t964) showed 
in bar ley tha t ,  with X-rays  as well as EMS t rea tments ,  
viridis was more frequent  than  albino. Goud,  N a y a r  
and Rao  (1969) studied frequencies of radia t ion-  
induced chlorophyll  muta t ions  in three varieties of 
ragi  (Eleusine coracana) and observed tha t  viridis was 
more frequent  than  albino or xantha in all three varie- 
ties. They  also recorded major  differences in the 
mutagenic  response of the three varieties. 

Basu and Basu (t 969) s tudied frequencies of chloro- 
phyll  muta t ions  in rice, induced by  X-rays,  p32 and 
S 35, and observed tha t  the order of the frequencies 
of different kinds of chlorophyll  muta t ions  was albino 

virescens ~ xantha ~ rare types  (striata, chlorina 
etc.). Goud, Naya r  and Rao  (t970) observed in jowar  
t t lat  the relative propor t ions  of different kinds of 
chlorophyll  mu ta t ion  could differ in different varie- 
ties: in one var ie ty  albino was most  frequent ,  while 
in another  var ie ty  chlorina was most  frequent.  T h e y  
also not iced differences in the to ta l  frequencies of 
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ch lo rophy l l  m u t a t i o n s  in two  va r i e t i e s  of jowar .  In  
t he  p resen t  s t udy ,  on ly  m i n o r  di f ferences  were ob-  
se rved  in t he  f requencies  a n d  s p e c t r u m  of ch lo rophy l l  
m u t a t i o n s  in t he  two cu l tu res  of fox ta i l  mi l le t .  

4. E]/iciency and E]/ectiveness o~ Mutagens 

The ef f ic iency of g a m m a  r ays  dec reased  w i th  in-  
c reas ing  doses in cu l tu re  M U d ,  b u t  inc reased  in cul- 
t u re  MU-2 un t i l  t he  dose r eached  30Kr.  There  was 
a decl ine  in eff ic iency a t  t he  4 0 K r  dose in cu l tu re  
MU-2 also. The  ef f ic iency of EMS inc reased  w i t h  
increases  in d u r a t i o n  in b o t h  t he  cu l tu res  up  to  t 8  hrs,  
a f t e r  which  the re  was aga in  a decrease  ill e f f ic iency 
a t  24 firs du ra t i on .  The  increase  in eff ic iency of EMS 
in cu l tu re  MU-2, p a r t i c u l a r l y  a t  t 8  hrs  d u r a t i o n ,  was 
r a t h e r  conspicuous .  U n d e r  D E S  t r e a t m e n t s ,  the  
s u r v i v a l  i m p r o v e d  in cu l tu re  M U - t ,  while  ef f ic iency 
decreased  w i t h  increas ing  d u r a t i o n  in cu l tu re  MU-2. 
The  eff ic iency of c o m b i n e d  t r e a t m e n t s  was gene ra l ly  
low c o m p a r e d  w i t h  t h a t  of EMS a n d  DES ,  b u t  was 
close to  t h a t  of g a m m a  rays .  There  were  no  m a j o r  
dif ferences  be tween  the  efficiencies of d i f ferent  com-  
b i n e d  t r e a t m e n t s .  I t  is obv ious  t h a t  t he re  are  differ-  
ences in the  ef f ic iency of d i f ferent  m u t a g e n s  in t he  
two cul tures .  These  di f ferences  are  m a i n l y  a t t r i b u t -  
ab le  to  the  di f ferences  in t he  levels  of l e t h a l i t y  ob-  
se rved  be tween  the  two  cu l tu res  in some t r e a t m e n t s .  
M u t a t i o n  f requencies  d id  n o t  show a n y  m a j o r  differ-  
ences.  

The  ef fec t iveness  gene ra l ly  dec reased  w i th  in-  
creases  in dose a n d  d u r a t i o n  of mu tagens ,  because  no 
co r re spond ing  p r o p o r t i o n a t e  increase  in m u t a t i o n  
f requencies  was recorded .  
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