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Mitomycin C Induced Leaf Mosaicism in Glycine max (L.) Merrill 
in Relation to the Post-Germination Age of the Seed 

B. K. VIG 

Department of Biology, University of Nevada, Reno, Nevada (USA) 

Summary. The frequency of mitomycin C induced somatic crossing over in variety L65--1237 of Glycine max is 
shown to be dependent upon the (physiological) age of the seed during post germination period. Effect of mitomycin C 
during the first four hr of germination is significantly lower than during later periods. This increase in the frequency 
of somatic crossing over is observed up to about 20--24 hr and is then followed by a decrease. These changes did not 
appear to be related to the onset and pattern of synthesis of DNA or/and proteins in the embryonic tissues. However, 
mitomycin C is effective even when no DNA synthesis is going on. 

Introduction 
Variety L65-1237 of Glycine m a x  (L.) Merrill 

(Soybean) exhibits incomplete dominance of the 
chlorophyll development gene Yll over its allele Yn 
so that  YnYn plants are dark green in color, YnYn 
are light green and Yl~YlJ have golden yellow leaves. 
The leaves of the heterozygotes are often seen with 
three types of spots which may be (1) dark green, 
resembling in color the leaves of YnYn plants, (2) 
golden yellow like 3'113711 leaves in color and (3) twin 
or double where a dark green spot is adjacent to a 
yellow spot of approximately similar shape and size. 
The leaves of YnYn and 37113711 plants are devoid of 
any spots. I t  was postulated (Vig and Paddock, 1968) 
that  the twin or double spots have their origin in the 
process of somatic crossing over and that  the single 
spots generally result from the failure of one of the 
two components of the double spots. A few single 
spots may also have their origin in chromosomal 
disturbances observed during mitosis (Vig, t969). 
The general absence of any kinds of spots on the 
leaves of the homozygotes rules out the possibility 
of point mutations in the origin of these spots. 

The frequency of this phenomenon responsible for 
spotting has been increased with the use of mito- 
mycin C (Vig and Paddock, 1968) and cold shocks 
(Vig and Paddock, t970). Agents like ethyl-methane 
sulfonate and daunomycin which are known to cause 
chromosomal aberrations but do not cause somatic 
exchanges to occur at chromosomal level (Vig and 
Paddock, t970) are not effective in inducing spot 
formation. However, during the conduct of these 
experiments, it was observed that  mitomycin C 
given to germinating seeds is less effective during 
the first few hours of germination than during the 
later part. This report summarizes the results 
obtained by treating the seeds during different phases 
of germination and some inferences regarding the 
time and mode of action of mitomycin C. 

Materials and Methods 
One year old seeds of variety L65-1237 were used in this 

study. Solutions of the antibiotic mitomycin C (Nutri- 

tional Biochem., Cleveland, Ohio) were prepared fresh in 
distilled water iust before treatment and applied at the 
rate of 25 cc per hundred seeds treated. Germinating 
seeds when not in contact with mitomvcin C were kept in 
clean petri dishes in 20--25 cc of distilled water. At the 
completion of the treatment, the seeds were washed 
thoroughly in running tap water followed by rinsing with 
distilled water. The seeds were then sown in galvanized 
iron flats containing heat sterilized soil uniformly mixed 
to fill the flats to about 3/4th of their depth. Details for 
individual experiments are provided in the text of the 
following section. All experiments were conducted in 
the green house fumigated against insects and at some- 
what controlled temperature (85 -- 95 ~ F) and approxima- 
tely 30% humidity. Spots were counted from the two 
simple leaves and first compound leaf. For sake of simpli- 
city in analysis each compound leaf was considered 
equivalent to 3 simple leaves. Statistical analysis was 
performed by using t-test (on Sigma-7 computor). 

For the study of DNA and protein synthesis in germina- 
ting seeds, samples were taken from the seeds soaked in 
water containing 2 ~c/ml of TdR-3H (for incorporation 
into DNA) and Arg-SH (for incorporation into proteins). 
In the first experiment the seeds (5 seeds per sample) 
were thoroughly washed after treatment, seed coat and 
cotyledons removed and then the embryo crushed direct 
in the NCS reagent (Nuclear chicago) and prepared for 
count of disintegrations per minute using a scintillation 
counter (Packard tricarb, 3000 series). In the second 
experiment the embryos from 5 seeds (per sample) were 
removed, washed, separated into root and leaf portions 
and then prepared for scintillation counting. The data 
was transformed into graphs reading for post germination 
time v/s percentage of cumulative activity in relation to 
the maximum total activity observed in that experiment. 

Experimental Results 
The pilot experiments were conducted by treating 

the seeds with water followed by 0.0025% mitomycin 
C treatment during 0--4,  12- - t6  and 20--24 hr in 
experiment I (Table t) and 0--4, 6 - - t0 ,  t8 - -22  and 
24--28 hr in the follow-up experiment, number 2 
(Table 2). I t  is undoubtedly clear that  in both the 
cases there is an increase in spot frequency in the 
material treated with mitomycin C over the control 
(material not treated with mitomycin C). Also it is 
evident (Table t) that  the material treated during 
0 - -4  hr has far lower frequency of any kind of spots 
than the data obtained from t2 - -16  hr or 20--24 hr 



28 B. Is Vig:  Mi tomyc in  C I nduced  Leaf  Mosaic ism in Glycine max (L.) Merr i l l  

Tab le  1. Data on the frequency and proportions of different 
typest of spots on the leaves of YnYn  Glycine max var. 
L65-1237 treated with o.oo25% of Mitomycin C during 
different periods of germination (o hour = time of initiation 

of soakitzg the dry seeds) 

Treatment  Number Spot frequency and type per leaf 
Period* of leaves 
(in hr) analyzed DG Y1 Db T t-Test** 

1. - -  (water  
only) 120 0.04 0.13 O.O8 0.25 

2. 0 - - 4  160 0.85 0.52 f . f 4  2.51 1 
3. 1 2 - - 1 6  80 1.04 t .37 2.15 4.56 1 , 2  
4. 2 0 - - 2 4  135 1.36 1.50 2.82 5.68 1, 2, 3 

t DG = dark green, Y1 = yellow, Db = double or twin. 
* Refers to the period during which seeds were in contact  

with mitomycin C solution. Seeds were kept  in H~O before 
and after this period for a total  duration of 24 hr. 

* *  Number refers to the preceding t rea tments  from which 
this t rea tment  differs significantly (5% level). 

Tab le  2. Frequencies and proportions of different typest of 
spots on the leaves of Glycine max var. L65-I237 treated with 
o.oo25% of mitomycin C during different periods of germi- 
nation (o hour = the time of initiation of soaking the seeds) 

Treatment  Number Spot frequency per leaf 
Period * of leaves 
(in hr) analyzed DG Y1 Db T t-Test** 

1 .  - -  

(water) 135 0.10 0.19 O.22 0.51 
2. 0 - - 4  135 0.54 0.50 0.80 1.84 I 
3. 6 - - 1 0  135 O.87 0.78 1.67 3.32 1 , 2  
4. 1 2 - - 1 6  t35 0.92 1.21 t .48 3.61 f , 2  
5. 1 8 - - 2 2  125 0.80 f . f o  1.50 3.40 f, 2 
6. 2 4 - - 2 8  t45  0.75 0.90 1.13 2.78 1 

t I)G = dark green, Y1 = yellow, Db = double or twin 
and T = Total spots. 

* Refers to the period during which the seeds were in con- 
tac t  with the mitomycin C solution. 

** Number refers to the preceding t rea tments  from which 
this t r ea tment  differs significantly (5% level). 

t r e a t m e n t .  S t a t i s t i c a l  t r e a t m e n t  of t i le  d a t a  u s i n g  
a n a l y s i s  of v a r i a n c e  a n d  t - t e s t  c o n f i r m e d  t h e  d i f f e r -  
e n c e s  t o  b e  s i g n i f i c a n t .  S i m i l a r  r e s u l t s  f r o m  0 - - 4  h r  
t r e a t m e n t  in  T a b l e  2 c o m p a r e d  w i t h  6 - - 1 0  h r  o r  a n  3, 
f o l l o w i n g  t r e a t m e n t  d u r a t i o n  e x p r e s s  s i g n i f i c a n t  
d i f f e r e n c e s .  H o w e v e r ,  a l l  t h e  t r e a t m e n t s  in  t h i s  
e x p e r i m e n t  d o  n o t  h a v e  s i g n i f i c a n t l y  h i g h e r  n u m b e r  
of s p o t s  t h a n  t h e  t r e a t m e n t  p r e c e d i n g  i m m e d i a t e l y .  
As  a m a t t e r  of f a c t ,  a d e c l i n e  in  t h e  n u m b e r  of s p o t s  
h a s  b e e n  O b s e r v e d  in  t h e  m a t e r i a l  t r e a t e d  d u r i n g  
2 4 - - 2 8  h r .  

O n e  m a y  o b s e r v e  t h e  d e c l i n e  of s p o t s  f r e q u e n c y  in 
t h e  l a s t  t r e a t m e n t  in  T a b l e  2. T h e  r e p e t i t i o n  of t h e s e  
e x p e r i m e n t s  e x t e n d i n g  t h e  t r e a t m e n t  p e r i o d s  to  be-  
y o n d  24 h r  is d e s i r e d . I t  is  a l so  t o  b e  n o t i c e d  t h a t  in  
t h e  t w o  e x p e l i m e n t s  r e p o r t e d ,  s e v e r a l  p e r i o d s  of 
t r e a t m e n t s  a r e  n o t  c o v e r e d  e . g . ,  in  e x p e r i m e n t  1 
( T a b l e  t )  4 - - 8 ,  8 - - 1 2 ,  / 6 - - 2 0  h r  of t r e a t m e n t s  a r e  
m i s s i n g  a n d  i t  is l i k e l y  t h a t  a n y  of t h e s e  a r e a s  a lso  
m i g h t  s h o w  a d i p  in  t h e  f r e q u e n c y  of s p o t s .  

T o  m e e t  t h e  a b o v e  r e q u i r e m e n t  t w o  m o r e  e x p e r i -  
m e n t s  w e r e  c o n d u c t e d  t o  c o v e r  t h e  4 h r  p e r i o d s  

Tab le  3. Data on the frequency and proportions of different 
typest of spots on the leaves of YnYn  Glycine max var. 
L65-1237 treated with o.oo25% of mitomycin C during 
different periods of germination (o hour = time of initiation 

of soaking the dry seeds) 

Treatment  Number Spot 
Period* of leaves 
(hr) analyzed DG 

frequency and type per leaf 

Y1 Db T t-Test** 

t .  ( 0 - - 3 6  
h r  H20 ) 125 0.07 0.09 0.05 0.21 

2. 0 - - 4  120 0.11 0.22 0.28 0.61 1 
3. 4 - - 8  90 0.20 O.33 0.47 1.00 1 
4. 8 - - 1 2  125 0.46 0.93 0.92 2.31 1 , 2  
5. t 2 - - 1 6  120 0.38 0.43 0.61 1.42 1 , 2  
6. 1 6 - - 2 0  100 O.32 0.62 0.64 1.58 1 , 2  
7. 2 0 - - 2 4  75 0.53 0.89 1.63 3.05 1 , 2  
8. 2 4 - - 2 8  100 1.24 t .49  2.06 4.79 1,2,  3, 4, 

5 , 6  
9. 2 8 - - 3 2  85 1.45 2.06 2.76 6.27 1, 2, 3, 4, 

5 , 6 , 7  
10. 3 2 - - 3 6  105 0.72 0.91 1.37 3.O0 1, 2, 3, 5, 

6 , 9  

t DG = dark green_ YI yello~v,-Db = d o u b i e  or twin 
and T = total  spots. 

* Refers to the period during which seeds were in contact  
with mitomycin C solution after water soaking for the period 
indicated by the 1st hour  of mitomycin C t reatment .  

** Number refers to the preceding t rea tment  from which 
this t rea tment  differs at  5% level of significance. 

s t a r t i n g  w i t h  0 h r  a n d  e n d i n g  a t  3 6 t h  h r  ( T a b l e s  3 
a n d  4). A n  a n a l y s i s  of T a b l e  3 r e v e a l s  as  s t e a d y  
i n c r e a s e  in  t h e  f r e q u e n c y  of S p o t s  u p  t o  2 8 - - 3 0  h r  
t r e a t m e n t  a n d  t h e n  s u d d e n  d r o p  fo r  t h e  m a t e r i a l  
t r e a t e d  d u r i n g  t h e  n e x t  4 h r .  T h e  o n l y  r e a d i n g  n o t  
i n  l i ne  w i t h  t h e  r e s t  of t h e  d a t a  is t h e  f r e q u e n c y  of 
s p o t s  i n  t h e  m a t e r i a l  t r e a t e d  d u r i n g  8 - - t 2  h r .  T h e  
d a t a  in  T a b l e  4 is a l so  s i m i l a r  in  m a i n  c h a r a c t e r i s t i c s  

Tab le  4. Data on the frequency and proportions of different 
typest of spots on the leaves of YnYn  Glycine max var. 
L65-1237 treated with o.oo25% of mitomycin C during 
different periods of germination (o = time of initiation of 

soaking the dry seeds) 

Number Spot frequency and type per leaf 
Trea tment  
Period* (hr) of leaves 

analyzed DG Y1 Db T t-Test** 

1. -- 135 0.33 0.18 0.22 0.73 
2. 8 h r  

H20  85 0.19 0.29 0.19 0.67 
3. O--4 8O 0.35 O.36 O.33 f .04 I 
4. 4 - - 8  110 0.56 0.49 O.83 f.88 1, 2 , 3  
5. 8 - 1 2  140 0.67 0.95 1.41 3.04 1, 2, 3 
6. 1 2 - 1 6  145 1.03 0.95 t .34  3.32 1, 2 , 3  
7. 1 6 - 2 0  105 0.64 0.50 0.78 1.92 1 , 2  
8. 2 0 - 2 4  140 t.51 1.5t 1.72 4.76 1 ,2 ,  3, 4, 

7 
9. 2 4 - 2 8  150 0.73 0.92 0.95 2.60 1, 2, 3 

10. 2 8 - - 3 2  115 0.78 1.35 1.3o 3.43 1, 2, 3 
11. 3 2 - - 3 6  140 1.01 1.56 1.26 3.83 1, 2, 3 , 4  

t DG = dark green, Y1 = yellow, Db = double-or twin 
and T -- total  spots. 

* Refers to the period during which seeds were in contact 
with mitomycin C solution. Seeds were kept  in H~O before and 
after this t rea tment  for a total  of 36 hours before sowing. 

** Nmnbers refer to the t rea tments  which differ signifi- 
cantly from the t rea tment  in question (at 5% level). 
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Table 5. Frequency and proportions of spots on the YtiY~ 
leaves analyzed in experiments 5 and 6. Mitomycin C 
(o.oo25%) was used during different 4-hr intervals during 

the f irst  24 (expt. 5) or 32 (expt. 6) hr of germination 

No. of Type and frequency of spots 
Treatment leaves per leaf 
Period (hr) analyzed DG Yl Db T 

Experi- 
ment  5 

Experi-  
ment  6 

I. 0--4  40 0.22 0.27 0.3t 0.8t) 
2. 4- -8  80 0.38 0.43 0.29 1.10 
3. 8--12 80 1.03 0.53 1.53 3.09 
4. 12--16 80 o.16 0 .26  0.21 0.63 
5. 16--20 80 0.57 0.60 1.17 2.34 
6. 20--24 100 O.69 0.66 0.94 2.29 

1. 0- -4  7O 0.09 0.26 0.51 0.86 
2. 4- -8  35 O.29 0.40 O.49 1.18 
3. 8--12 65 1.08 1.43 2.00 4.51 
4. 12--16 40 0.70 0.78 1.38 2.86 
5. 16--20 50 O.34 0.46 0.54 1.34 
6. 20--24 8O O.6O 1.04 1 .71  3.35 
7. 24--28 65 O.46 0.92 1 .11  2.49 
8. 28--32 55 0.29 0.65 1 .11  2.06 

excepting tha t  decline in spot frequency is observed 
to s tar t  ra ther  early (compared to Table 3). 

The observat ion of increase in spots related to the 
physiological advance of the soaked seeds is inter- 
esting. However,  it is worth noticing tha t  in both  
the above experiments  what  is called the experimen- 
tal  error may  really be a par t  of the true cyclic 
increase/decrease in spot frequency. Two more ex- 
periments  were carefully conducted to test  the t reat -  
ment  up to 24 and 32 hr. Table 5 summarizing the 
results of the two experiments  (5 and 6) offers further  
confirmation of a cyclic response of the seeds to 
mi tomycin  C sensitivity. First there is an increase 
in the  f r equency  of spots  up to abou t  t2  hr, then  
a sudden  decrease las t ing  ano the r  4 - - 8  hr and again 
a r a the r  sharp  increase.  This  is fol lowed by  a ten-  
dency  of ano the r  decrease by  28th hr in expe r im en t  6. 

One more  e x p e r i m e n t  was pe r fo rmed  to comple t e  
a 24 hour  t r e a t m e n t  cycle. The  seeds were t r e a t ed  
wi th  water ,  fol lowed by  0.0025% m i t o m y c i n  C 
solut ion and then  wi th  wa te r  again for the  ba lance  

�9 of 24 hr. Resul t s  (Table 6) are s imilar  to the ones 
f rom the  prev ious  expe r imen t s  (Tables 3, 4 and 5) 
in genera l  de ta i l s ;  i. e., the  f r equency  of spots  is in- 
creased by  m i t o m y c i n  C wi th  an increase wi th  the  
phys io logica l  age of the seed to an e x t e n t  and then  
drops off to be fol lowed by  perhaps  ano the r  increase.  

E x p e r i m e n t a l  resul ts  in re la t ion  to the s t u d y  of 
D N A  and pro te in  synthes is  in the  g e r m i n a t i n g  seeds 
have  been r ep roduced  in Figs. 1, 2 and 3"- The 
general  p a t t e r n  in all the  cases is s imi lar  in t h a t  
p ro te in  synthes is  s t a r t s  much  earl ier  t h a n  synthes is  
of D N A  and shows ups and downs in ear ly  s tages of 
ge rmina t ion .  Such does not  appear  to be t rue  of 
D N A  syn the t i c  pa t t e rn s  which in i t i a t e  late,  show a 
sharp  rise then  a p la t eau  then  ano the r  sharp  increase.  
Since the  pro te ins  s tud ied  in this  case are the  to t a l  

* The curves show cumulat ive incorporation of 
TdR-3H or Arg-3H. 
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Fig. 1 --3. Patterns of DNA and protein synthesis as revealed 
by TdR-ZH and Arg-ZH incorporation, respectively. The 
graphs show cumulative radioactivity in relation to the maxi- 
mum calculated at the end of the experiment. Notice the 
uniform patterns of DNA synthesis in all the three studies. 
The interpretation of the data for early stages of protein syn- 
thesis appears impossible unless some fractions of proteins 
synthesized disintegrate quickly to release the radioactivity 
into the medium or moves into the cotyledons or unless there 
is constant experimental error in all the three experiments. 
Fig. 1. Study of whole embryos up to 48 hr, Fig. 2. Study of 
only the root part of the embryos during 75 hr, and Fig. 3. 
Study of only the leaf structures and stem apex. In each case 
5 seeds per sample were used. Dotted line -- DNA synthesis, 
solid line -- protein synthesis. 
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Table 6. Data on the frequency and proportions of different 
typest of spots on the leaves of YnYn  Glycine max var. 
L65-1237 treated with o.oo25% of mitomycin C during 
different periods of germination (o hour = time of initiation 

of soaking the dry seeds) 

Treatment Number Spot frequency and type 
Period* (hr) of leaves per leaf 

analyzed DG Y1 Db T 

H20 MC H20 
I. -- -- 24 85 0.13 0.19 0.16 0.48 
2. 0 4 20 75 0.37 0.27 0.59 f.23 
3. 4 4 16 50 O.32 O.50 1.08 1.90 
4. 8 4 12 75 0.31 0.49 0.52 1.32 
5- 12 4 8 60 0.52 0 .45 1.22 2.19 
6. 46 4 4 80 0.66 0.74 1.49 2.89 
7. 20 4 -- 80 0.39 0.49 1.t8 2.06 

t DG = dark green, Y1 = yellow, Db = double or twin 
and T = total spots. 

* Refers to the period during which seeds were in contact 
with mitomycin C solution and/or water in the sequence given. 

cellular proteins and not necessarily the chromosomal 
proteins it is difficult to relate the changes in the 
frequency of spots to either component of cell. The 
results regarding DNA synthesis agree with earlier 
interpretation of Miksche's data (Miksche, 1966) that  
one wave of DNA synthesis is completed by about 
30--35 hr and then another starts by  about 48th hr 
or so. The pattern of spot frequency does not appear 
to correspond with this pattern of synthesis. As a 
matter  of fact a declining trend in spot frequency is 
observed by the time the 1st wave of DNA synthesis 
is about midway. The curves about protein synthesis 
could not be interpreted intelligently in view of 
the peaks and declines during the early hours of 
Arg-SH incorporation. But since this trend was 
observed in all the three experiments, it was con- 
sidered worthwhile to present the data as such. 

D i s c u s s i o n  

Several suggestions can be made to accommodate 
the increased effectiveness of mitomycin C with an 
increase in the physiological age of the seed. The 
first to come to mind is the differential permeability 
of the cell wall to the mitomycin C molecules so that  
the amount of the antibiotic to enter the seeds 
(cells) is less during early stages of germination than 
during the later stages. Thus, it becomes a ques- 
tion of differential availability rather than differential 
effectiveness of the drug. That such is not the case 
is demonstrated by the apparent cyclic behavior of 
cells as related to the frequency of spots. Thus, 
decrease in spot frequency during the middle of 
t reatment period in several experiments is certainly 
not entirely due to the low permeability of the cell 

wall or low water contents of the seed, or consistant 
experimental errors. 

Cyclic increase/decrease in spot frequency as ob- 
served in the foregoing experiments cannot be corre- 
lated with the onset of synthesis or quantities of 
either DNA or proteins in the embryonic cells with 
any certainty. The pattern of DNA synthesis and 
mitotic activity in the embryonic cells in this study 
as well as those by Miksche (1965, 1966) carried out 
on the quiescent zones in roots during early em- 
bryonic stages fail to show any relationship either 
between DNA synthesis or mitotic activity and the 
spot frequency. 

The synthesis of proteins in the embryo during 
initial stages of germination also fail to establish any 
definite relationship with the change in frequencies 
observed. However, mitomycin C is effective even 
at stages when DNA synthesis can hardly be con- 
ceived to begin, e.g. ,  the first 0 - -4  hr. The data  
also fail to establish if any respectable quant i ty  of 
mitomycin C binds to DNA and thus persists in these 
early cells to become effective at a later time because 
then one would expect a plateau of the curve re- 
presenting spot frequency once it reaches a certain 
level. 

One wonders if synthesis of proteins of any kind 
or some sort of enzyme(s) are responsible for the 
results observed. I t  is now known that  protein syn- 
thesis in general starts in the cell much earlier than 
the synthesis of DNA. Perhaps the differential 
response of mitomycin C is because of synthesis of 
one or a few protein fractions depending upon 
different stages of cell cycle and relative frequencies 
of cell populations in different sub-phases (G 1, S, G2) 
of interphase. No conclusive suggestion can, however, 
be made at this time. 

Acknowledgement 
I wish to express my thanks to the Research Advisory 

Board of the University of Nevada for financial aid, 
Dr. Cliff Blincoe of the Department of Biochemistry of 
this campus for helping with Scintillation counter work 
and Dr. R. L. Bernard, USDA, Urbana, Illinois, for the 
supply of original seed of L65-t 237. 

Literature 
f. Miksche, J. P.: Changes in radiosensitivity of root 

of Glycine max (L.) Merrill during post dormant reactiva- 
tion. Bulletin Torrey Botan. Club 92, t - -7  (t965). -- 
2. Miksche, J. P. : DNA synthesis in primary root of Gly- 
cine max, during germination. Can. J. Bot. 44, 789--794 
(1966). -- 3. Vig, B. K.: Relationship between mitotic 
events and leaf spotting in Glycine max. Can. J. Genet. 
Cytol. tt ,  147--t52 (1969). -- 4. Vig, B. K., Paddock, E. 
F. : Alteration of spot frequency in leaves of Glycine max 
(L.) Merrill by mitomycin. J. Heredity 59, 225--229 
(1968). -- 5. Vig, B. K., Paddock, E. F.: Studies on the 
expression of somatic crossing over in Glycine max. 
Theor. App1. Genet. 4o, 316--321 (1970). 

Received March 22, 1972 

Communicated by H. Stubbe 

Dr. B. K. Vig 
Department of Biology 
University of Nevada 
Reno, Nevada 89 507 (USA) 

Theoret. Appl. Genetics, Vol. 43, No. 


