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S u m m a r y .  S e e d s  of v a r i e t i e s  L65-1237  and  T219 of s o y b e a n  w e r e  s o a k e d  in 20 -50  m l  of t r i t i a t e d  w a t e r  (HTO) 
c o n t a i n i n g  b e t w e e n  0 . 0 1  and  5 0 ~ C i / m l  of t r i t i u m  (T) f o r  v a r i o u s  p e r i o d s  f r o m  24 to 1 4 2 h r .  G e n e t i c  d a m a g e  
was  d e t e r m i n e d  by  c o u n t i n g  t h e  n u m b e r  of Y I •  - Y~•177177 s p o t s  on  t he  Y l •  l e a v e s .  No e f f ec t  w a s  n o t i c e -  
a b l e  in t r e a t m e n t s  l a s t i n g  up to 24 h r  i n d e p e n d e n t  of t he  c o n c e n t r a t i o n .  H o w e v e r ,  s o m a t i c  c r o s s i n g  o v e r  o c -  
c u r r e d  when  t he  s e e d s  w e r e  t r e a t e d  wi th  t r i t i u m  f o r  9 2 h r  o r  l o n g e r  e v e n  wi th  c o n c e n t r a t i o n s  a s  low a s  
0 . 0 1  ~ C i / m l .  The d a t a  i n d i c a t e  t ha t  t he  s o y b e a n  s y s t e m  b e i n g  u s e d  i s  s e n s i t i v e  to v e r y  low d o s e s  of b e t a  r a d i a -  
t i o n .  The d a m a g e  to the  s e e d s  t r e a t e d  wi th  t h e  l o w e s t  c o n c e n t r a t i o n  was  not  s i g n i f i c a n t l y  d i f f e r e n t  in  q u a l i t y  o r  
q u a n t i t y  f r o m  tha t  i n d u c e d  b y  h i g h e r  c o n c e n t r a t i o n s .  Th i s  i n d i c a t e s  s o m e  t y p e  of  s a t u r a t i o n  e f f e c t  to t r i t i u m -  
e m i t t e d  b e t a  r a d i a t i o n .  A n a l y t i c a l  r e s u l t s  s h o w e d  t h a t  s y n t h e s i s  of o r g a n i c  m a t t e r  and  i n c o r p o r a t i o n  of t r i t i u m  
in to  t h e  o r g a n i c  f r a c t i o n  w as  d e l a y e d  un t i l  abou t  96 h r  a f t e r  t he  i m b i b i t i o n  w a s  s t a r t e d .  Th i s  i n d i c a t e s  a r e l a -  
t i o n s h i p  b e t w e e n  spot  i n d u c t i o n  by  t r i t i u m  and  o r g a n i c  s y n t h e s i s .  

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

Glyeine max ( S o y b e a n )  i s  a r a r e  o r g a n i s m  w h e r e i n  s o -  

m a t i c  c r o s s i n g  o v e r  h a s  b e e n  s t u d i e d  b y  u t i l i z i n g  a 

s i n g l e  l o c u s  s y s t e m  c h a r a c t e r i z e d  b y  i n c o m p l e t e  do -  

m i n a n c e .  In c e r t a i n  v a r i e t i e s ,  e . g . ,  L65-1237  and  

T - 2 1 9 ,  t he  g e n e  Y l l '  w h e n  in h o m o z y g o u s  c o m b i n a -  

t i o n ,  i m p a r t s  g o l d e n - y e l l o w  c o l o r  to  t he  s t e m  and  t he  

l e a v e s  of t h e  p l a n t .  Wi th  an  a l t e r n a t e  c o m b i n a t i o n ,  

Y l l Y l l  , t h e  p l a n t  d e v e l o p s  a d a r k - g r e e n  c o l o r ;  t h e  

h e t e r o z y g o u s  Y l l Y l l  p l a n t s  a r e  l i g h t - g r e e n .  The two 

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

p l a n t s  a r e  d o t t e d  wi th  d a r k - g r e e n ,  y e l l o w  a n d  c o m p o -  

s i t e  s p o t s .  The f i r s t  two t y p e s  of s p o t s  a r e  c a l l e d  

s i n g l e  s p o t s .  The c o m p o s i t e  s p o t s  ( a l s o  r e f e r r e d  to 

a s  twin  o r  doub le  s p o t s )  a r e  c o m p o s e d  of a d a r k - g r e e n  

c o m p o n e n t  p r e s e n t  nex t  to and  u s u a l l y  a s  a m i r r o r  

i m a g e  of ,  t he  ye l low s p o t .  The h o m o z y g o u s  p l a n t s  a r e  

d e v o i d  of any  s p o t s  on  t h e i r  l e a v e s  e x c e p t  a r a r e  l i g h t -  

g r e e n  spo t  on  t he  y l l Y l l  l e a v e s .  T h e s e  c r i t e r i a  and  

m a n y  o t h e r s  d i s c u s s e d  e l s e w h e r e  ( e . g . ,  V ig ,  1973a)  

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

a p r o c e s s  i n v o l v i n g  c o m p l e m e n t a r y  e x c h a n g e  of  h o -  

m o l o g o u s  c h r o m o s o m e s  in t he  s o m a t i c  c e l l s ,  v i z . ,  

s o m a t i c  c r o s s i n g  o v e r .  S o m e  of t he  s i n g l e  s p o t s  o r i -  

g i n a t e  f r o m  a f a i l u r e  in  d e v e l o p m e n t  of t he  ye l low o r  

d a r k - g r e e n  c o m p o n e n t .  O t h e r  f a c t o r s  s u c h  a s  n o n -  

d i s j u n c t i o n ,  g r o s s  n u m e r i c a l  c h r o m o s o m a l  a b n o r m -  

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

a l s o  c o n t r i b u t e  to  t h e  p r o d u c t i o n  of  s i n g l e  s p o t s .  H o w -  

e v e r ,  t he  p r o p o r t i o n s  of s i n g l e  s p o t s  a r i s i n g  f r o m  

d i f f e r e n t  m e c h a n i s m s  r e m a i n  u n d e t e r m i n e d .  

The f r e q u e n c y  of  a l l  t h r e e  t y p e s  of  s p o t s  h a s  b e e n  

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

d e v e l o p i n g  p l a n t s  w i t h  d i f f e r e n t  c h e m i c a l s .  T h e s e  c h e -  

m i c a l s ,  h o w e v e r ,  a f fec t  t h e  n u m e r i c a l  f r e q u e n c i e s  of 

d i f f e r e n t  t y p e s  of s p o t s  d i f f e r e n t l y ,  t h e r e b y  p e r m i t -  

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

f e c t ( s )  on  c h r o m o s o m e s  ( s e e  Vig ,  1 9 7 5 ) .  M i t o m y c i n  

C (V ig  and  P a d d o c k ,  1 9 6 8 ) ,  c o l c h i c i n e  ( V i g ,  1 9 7 1 ) ,  

and  c a f f e i n e  ( V i g ,  1 9 7 3 a ) ,  f o r  e x a m p l e ,  i n c r e a s e  t h e  

f r e q u e n c y  of d o u b l e  s p o t s  at  l e a s t  a s  m u c h  a s  t h o s e  of 

s i n g l e s ,  w h i l e  p u r o m y c i n  und  F UdR f a v o r  t h e  i n d u c -  

t i on  of s i n g l e  s p o t s  ( V i g ,  1 9 7 3 a ) .  D e o x y r i b o s e c y t i d i n e  

i s  t h e  on ly  c h e m i c a l  so  f a r  found  to s u p p r e s s  i n d u c -  

t i on  of s o m a t i c  c r o s s i n g  o v e r  ( V i g ,  1 9 7 2 ) .  T h i s  p a p e r  

d e a l s  wi th  t he  e f f e c t s  of  low d o s e s  of b e t a  r a d i a t i o n ,  

a d m i n i s t e r e d  a s  t r i t i a t e d  w a t e r ,  on  t h i s  v e r y  s e n s i -  

t i v e  i n d e x  of g e n e t i c  d a m a g e .  

* Paper No. 515 from the Department of Biology, 
University of Nevada, Reno. 

M a t e r i a l  and  M e t h o d s  

S e e d s  of s o y b e a n  v a r i e t i e s  L65-1237  and  T-219  ( u s e d  
o n l y  in  one  e x p e r i m e n t )  w e r e  i m m e r s e d  in  t r i t i a t e d  
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water (HTO) of varying concentrations and for differ- 
ent time periods. The seeds were obtained through 
the courtesy of Dr. R.L. Bernard, USDA Soybean Re- 
search Laboratoy in Urbana, If. After treating the 
seeds in sterilized petri dishes without filter paper, 
they were sown in coarse sand, a material with no 
nutritive value, in plastic (PVC) lined metallic flats. 
Plants were watered with tap water as needed. After 
about five weeks the leaves were analyzed for the fre- 
quencies of different types of spots on the two simple 
and the first compound leaves, separately. The de- 
tails of treatments and analysis are given along with 
appropriate tables in the following section. 

For purposes of calculations, each trifoliate com- 
pound leaf was considered equivalent to three simple 
leaves. This gave 5-1eat-equivalents per plant anal- 
yzed. Frequencies for double and total spots in the 
control versus treated materials were compared using 
the chi-square test. 

Individual epicotyl weights were determined in con- 
nection with the study of organic synthesis, to within 
-+.01 mg on a Cahn electrobalance~(ModelGR) equipped 
with a strip chart recorder. In the interval of 30 sec- 
onds required to dissect the epicotyl from the embryo 
and transfer it to the balance pan, some water loss 
occurred. This loss was estimated by extrapolating the 
linear weight loss curve determined for about two mi- 
nutes back through the origin (time of dissection). Dry 
weights were determined after drying at 75 ~ C for 
24hr. 

In order to correlate the tritium content with spot 
production, the following studies were carried out. A 
determination of the total activity was made by soak- 
ing 100 seeds in 50 ml of water containing a tritium 
concentration of 194 ~Ci/ml, and removing samples 
after 24, 48, 72, 96, 120 and 144hr. The seeds were 
washed, and embryos and cotyledons separated and 
prepared for scintillation counting by extracting water 
in a benzene azeotrope (Moghissi, et al., 1973). A 
Beckman LS-200 counter was used employing the tech- 
nique of Lieberman and Moghissi ( 1970). The specific 
activity of the samples was determined by the method 
of internal standard with identical system properties 
(Moghissi and Carter, 1968). The study was also ex- 
tended to include the analysis of tritium in the embryo 
and cotyledons after the seeds were soaked in HTO for 
96hr, washed and then kept in moist sand (same pro- 
cedure as used in study of spots) for up to 144hr. The 
organically bound tritium was determined by acid di- 
gestion of the epicotyls and by analyzing the digest be- 
fore and after adding an internal standard (Moghissi 
and Bretthauer, 1973). 

R e s u l t s  

(a)  Study of Spot F r e q u e n c y  

The f i r s t  e x p e r i m e n t  was  p e r f o r m e d  us ing  11 g of 

s e e d  of L65-1237 s o a k e d  in HTO ( 2 0 m l )  f o r  6,  12, and 

24 h r  at c o n c e n t r a t i o n s  of 0 . 1 ,  1, 10 and 25 ~ C i / m l ,  

f o r  e a c h  t r e a t m e n t  i n t e r v a l .  The f r e q u e n c y  of s p o t s  

c a l c u l a t e d  fo r  any of t he  t r e a t m e n t s  was  not s t a t i s t i -  

c a l l y  h i g h e r  than  f o r  the  c o n t r o l s .  In v iew of t h e s e  r e -  

s u l t s ,  the  da ta  n e e d  not be  r e p r o d u c e d  h e r e .  

The second experiment was performed using 0.01, 
0.1, 5 and 50~Ci ofHTO/ml, A sample of 12g of 

L65-1237 seed was soaked in 20ml solution for 92hr. 

The data (Table I) indicate a rise in the frequency of 

all three kinds of spots in all the treated materials 

compared to the control. It must be pointed out 

that even the lowest concentration of tritium, viz., 

0.01~Ci/ml, was effective in significantly increas- 

ing the frequency of spots. There was an average of 

only 0.25 dark-green spots per leaf in the control com- 

pared to 1.04 spots in the treated material. Similar 

increases were noticeable for the yellow and double 

spots. Other treatments also differed significantly 

from the control. This is not only true for total spots 

but also for double spots -- which can be the true 

measure of somatic crossing over's having occurred. 

It is interesting to note that the increase in frequency 

of total spots was of a similar magnitude in all the 

materials treated in spite of a 5,000-fold difference 

in HTO concentration. 

The relative frequency of different types of spots 

was another point of investigation in these experiments. 

The last four columns of Table 1 record relative pro- 

portions of different types of spots in various treat- 

ments. A parallelism in increased spot frequency is 

seen among different types of spots in all treated ma- 

Table  1. Spot f r e q u e n c y  on Y•177177177 l e a v e s  f r o m  the  L65-1237 s e e d  t r e a t e d  with v a r i o u s  c o n c e n t r a t i o n s  of HTO 
f o r  9 2 h r  

Spot f r e q u e n c y  p e r  l ea f  P r o p o r t i o n s  of d i f f e r e n t  t y p e s  of s p o t s  
Concentration Leaves 
(F~Ci/ml) analyzed DG* Y1 Db T DG/Db Yl/Db DG/YI T/Db 

0.00-Control 150 0.25 0.88 0.74 1.86 0.34 1.19 0.28 2.51 
0.01 110 1.04 2.43 2.25f 5.74t 0.46 1.08 0.43 2.55 
0. I0 150 0.61 2.38 1.27, 4.269 0.48 1.87 0.26 3.35 
5.00 ~ 150 0.68 2.25 1.23f 4.17t 0.55 1.83 0.30 3.39 
50.00 ~ 105 1.69 2.14 2.23f 6.06f 0.76 0.96 0.79 2.72 

*DG = d a r k  g r e e n ,  Y1 = y e l l o w ,  Db = double  and T = to ta l  s p o t s  

i" = s i g n i f i c a n t l y  d i f f e r e n t  f r o m  the  c o n t r o l  (•  p < 0 . 0 5 )  

a = These data were used for a recent paper (Vig, 1974) and have been reproduced here to emphasize the 
point regarding saturation effect discussed in the text. 
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t e r i a l s .  The r a t i o  b e t w e e n  y e l l o w s  and  d o u b l e s ,  f o r  

e x a m p l e ,  i s  a l w a y s  a r o u n d  1 in  t he  c o n t r o l  a s  we l l  a s  

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

g e s  abou t  r e l a t i o n s h i p s  b e t w e e n  t o t a l  v e r s u s  doub le  

s p o t s  i s  t ha t  a p p r o x i m a t e l y  o n e - t h i r d  of a l l  s p o t s  a r e  

d o u b l e .  The t r e a t m e n t s  wi th  v a r i o u s  c o n c e n t r a t i o n s  of 

HTO did  not  a l t e r  t h e s e  r a t i o s  e x c e p t  in a few i s o l a t e d  

c a s e s ,  e . g . ,  a d i s p r o p o r t i o n a t e  i n c r e a s e  in t h e  f r e -  

q u e n c y  of d a r k - g r e e n  s p o t s  in  t he  m a t e r i a l  t r e a t e d  

w i t h  50 ~ C i / m l .  

The e f f e c t i v e n e s s  of v e r y  low c o n c e n t r a t i o n s  of t r i -  

t i u m ,  v i z . ,  0 . 0 1  a n d  O. l ~ C i / m l ,  w a r r a n t s  c o n c e r n  

and  n e e d s  f u r t h e r  s t u d y .  Wi th  t h i s  po in t  in  v i e w ,  a s  

we l l  a s  to  c o n f i r m  t h a t  t h e r e  w e r e  no r e a l  d i f f e r e n c e s  

in  t he  i n d u c e d  spo t  f r e q u e n c y  o v e r  a l a r g e  r a n g e  of 

t r i t i u m  c o n c e n t r a t i o n s ,  a n o t h e r  e x p e r i m e n t  was  c o n -  

d u c t e d .  S e e d  s a m p l e s  ( 11 g) ( L 6 5 - 1 2 3 7 )  w e r e  s o a k e d  

f o r  9 4 h r  in  2 5 m l  of H 2 0  c o n t a i n i n g  0 . 0 1 ,  0 . 1 ,  5 ,  

10, and  2 5 ~ C i  of H T O / m l .  The d a t a  ( T a b l e  2) d e -  

m o n s t r a t e  t he  e f f e c t i v e n e s s  of  a l l  c o n c e n t r a t i o n s  t e s t e d  

in i n c r e a s i n g  t he  f r e q u e n c y  of s p o t s .  The spo t  f r e -  

q u e n c y  in  t h e  s e e d s  t r e a t e d  w i th  n o n - t r i t i a t e d  d i s t i l l e d  

w a t e r  ( c o n t r o l )  w a s  r a t h e r  h i g h  in t h i s  c a s e ;  h o w e v e r ,  

e n v i r o n m e n t a l  f a c t o r s ,  p r i m a r i l y  t e m p e r a t u r e  f l u c -  

t u a t i o n s  d u r i n g  g r o w t h ,  a r e  t h o u g h  to b e  r e s p o n s i b l e .  

Such  f a c t o r s ,  o r  s o m e  e x p e r i m e n t a l  e r r o r ,  m a y  b e  

r e s p o n s i b l e  f o r  l a c k  of i n c r e a s e  in doub le  s p o t s  o b -  

s e r v e d  in a few c a s e s  in  t h i s  e x p e r i m e n t .  N e v e r t h e -  

l e s s ,  w h e n  c o m p a r e d  to t h e  c o n t r o l ,  a l l  s e e d s  t r e a t e d  

wi th  HTO h a d  s i g n i f i c a n t l y  h i g h e r  t o t a l  s p o t  f r e q u e n -  

c i e s .  A g a i n  i t  was  o b s e r v e d  t h a t  a n  i n c r e a s e  in  t he  f r e -  

q u e n c y  of t o t a l  s p o t s  in  a l l  t r e a t m e n t s  w a s  a l m o s t  t he  

s a m e .  Th i s  c o n f i r m e d  e a r l i e r  o b s e r v a t i o n s  ( T a b l e  1) 

t ha t  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  w a s  not  d o s e  

d e p e n d e n t .  A l s o  t h e  r e l a t i o n s h i p s  of any  two t y p e s  of 

s p o t s  a p p e a r e d  to  b e  s i m i l a r  in  a l m o s t  a l l  t r e a t m e n t s ,  

In T a b l e  2 t he  r e l a t i o n s h i p  f o r  e i t h e r  t y p e  of s i n g l e  

s p o t s  to t he  d o u b l e s  i s  a p p r o x i m a t e l y  1 : 1. T h e r e f o r e  

t h e  t o t a l  spo t  p o p u l a t i o n ,  in  any  t r e a t m e n t ,  w a s  a b o u t  

t h r e e  t i m e s  t h e  p o p u l a t i o n  of  d o u b l e  s p o t s .  

The e q u i v a l e n c y  in t h e  t o t a l  i n c r e a s e  in s p o t s  f o r  

t r e a t m e n t s  wi th  w i d e l y  v a r y i n g  c o n c e n t r a t i o n s  of HTO 

f o r  92 ( T a b l e  1) a n d  9 4 h r  ( T a b l e  2) w a s  f u r t h e r  i n -  

v e s t i g a t e d  by  i n c r e a s i n g  t h e  p e r i o d  of  t r e a t m e n t .  S e e d s  

( 12 g s a m p l e s )  w e r e  t r e a t e d  w i th  O. 05 ,  0 . 1 ,  a n d  1 ~Ci  

of t r i t i u m / m l ,  in  2 5 m l  of H 2 0 .  S ix ty  h r  a f t e r  i m b i b i -  

t i on  s t a r t e d ,  a n  a d d i t i o n a l  25 ml  of  HTO was  a d d e d .  

The  t o t a l  t r e a t m e n t  p e r i o d  was  1 4 2 h r  in  5 0 m l  of HTO 

at  t he  a b o v e  c o n c e n t r a t i o n s .  The a n a l y z e d  d a t a  g i v e n  

in  T a b l e  3 c o n f i r m e d  t h e  o b s e r v a t i o n s  m a d e  p r e v i o u s -  

l y .  A t w e n t y f o l d  i n c r e a s e  in  c o n c e n t r a t i o n  ( 0 . 0 5  to 

1 ~ C i / m l ) ,  d o u b l i n g  of  t h e  a m o u n t  of HTO, a nd  a n  a l -  

m o s t  5 0 ~  i n c r e a s e  in  t r e a t m e n t  p e r i o d ,  d id  not  s u g -  

g e s t  a l i n e a r  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 .  The 

r e l a t i o n s h i p s  of d i f f e r e n t  t y p e s  of s p o t s  r e m a i n e d  c o m -  

p a r a b l e  to t h o s e  c a l c u l a t e d  f o r  t h e  c o n t r o l .  

To d e t e r m i n e  if  t h i s  s a t u r a t i o n  e f f e c t  on  spo t  f r e -  

q u e n c y  b y  t r i t i u m  w a s  a u n i q u e  p r o p e r t y  of t h e  v a r i e t y  

Tab le  2 .  Type and  f r e q u e n c y  of s p o t s  on  t h e  YzzY• l e a v e s  of L65-1237  p l a n t s  o b t a i n e d  f r o m  t h e  s e e d  t r e a t e d  
wi th  0 .01~  0 .1~  1, 5 ,  1 0 a n d  2 5 ~ C i / m l  f o r  9 4 h r  

Spot  f r e q u e n c y  p e r  l e a f  R e l a t i v e  f r e q u e n c i e s  of  s p o t s  
C o n c e n t r a t i o n  L e a v e s  
( v C i / m l )  a n a l y z e d  DG Y...! D...~b T D G / D b  Y1/Db DG/Y1 T / O b  

O. O 0 - C o n t r o l  130 1 . 5 0  1 .38  1 .32  3 . 8 5  1 .14  1 .05  1 .09  2 . 9 2  
( 0 , 3 3 ) *  ( 0 . 2 5 )  ( 0 . 1 8 )  ( 1 . 7 6 )  

0 . 0 1  140 2 . 0 0  1 .85  1 .30  5 . 1 3 t  1 .54  1 .42  1 .08  3 . 9 5  
(0.31) (0.33) (0.17) (0.81) 

0 . 1 0  140 2 . 1 4  2 . 1 6  1 .55  5 . 8 4 1  1 .38  1 .39  0 . 9 9  3 . 7 7  
(0.30) ( 0 . 2 4 )  (0.19) (0.73) 

1 .00  130 1.39 2.16 2.131 5.691 0.65 1.01 0.64 2 . 6 7  
( 0 . 4 1 )  ( 0 . 3 6 )  ( 0 . 3 1 )  ( 1 . 0 8 )  

5 . 0 0  ~ 150 1 .61  2 . 2 4  1 .761  5 . 6 1 1  0 . 9 2  1 .27  0 . 7 2  3 . 1 9  
(0.36) (0.46) (0.27) (1.09) 

10.00 a 100 1.73 2.87 1.689 6.281 1.03 1.71 0.60 3.74 
(0.83) (1.01) (0.65) (2.59) 

25.00 ~ 130 1.29 2.30 1.49 5.08t 0.87 1.54 0.56 3.41 
(0.66) (0.59) (0.31) (1.56) 

* = F i g u r e s  in  p a r e n t h e s i s  r e f e r  to  spo t  f r e q u e n c i e s  p e r  l e a f l e t  of t h e  c o m p o u n d  l e a f  
t S i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  c o n t r o l  ( •  p < 0 . 0 5 )  
a = See  f o o t n o t e  to T a b l e  1. 
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T a b l e  3.  Types  and  f r e q u e n c i e s  of s p o t s  on  the  Y•177177 l e a v e s  of L65-1237 p l a n t s  o b t a i n e d  f r o m  the  s e e d  t r e a t e d  
wi th  0 . 0 5 ,  0 . 1  and  1 . 0 # C i / m l  f o r  1 4 2 h r  

Type and  f r e q u e n c y  of s p o t s / l e a f  R e l a t i v e  f r e q u e n c i e s  of s p o t s  
T r i t i u m  N u m b e r  of 
c o n c e n t r a t i o n  l e a v e s  
(~Ci/ml) a n a l y z e d  D__G.G Y_.ll D__b_b T DG/Db YI/DD DG/YI W/Db 

0.00-Control I00 1.08 1.68 1.93 4.69 0.56 0.87 0.64 2.79 
(2.0p~ 

0 . 0 5  85 1 .36  2 . 6 4  3 .26  7 . 2 6 *  0 . 4 2  0 . 8 1  0 . 5 2  2 . 2 3  
(6.0) 

0 .10  100 2 .69 3 .54 4.68"I" 10.96"1" 0 .57  0 .76 0 .76 2 .34  
(5.7) 

1 .00  110 2 .80  3 .02 2.89"I" 8 . 7 1 ,  1.00 1.05 0 .93  2 .70 
( 3 . 7 )  

= ~ total spots on the first compound leaf 
f = Significantly different from the control (~<~, p < 0.05) 

Table 4. Types and frequencies of spots on the Y•177 leaves of variety T219 from the seed soaked in various 
concentrations of HTO for 92hr 

Type and frequency of Proportions among different 
spots per leaf types of spots 

Concentration Number of 
(~Ci/ml) and leaves 
treatment time analyzed D__~G Y_~l D__~b T DG/Db Yl/Db DG/YI T/Db 

0.00-Control 150 I. 27 I. 15 I. 35 3.77 0.94 0.85 I. I0 2.79 
0.005 - 92hr 90 1.68 1.01 1.89* 4.58 0.89 0.53 1.66 2.42 
0.01 - 92hr 150 2.37 1.57 2.02r 5.96f 1.17 0.78 1.51 2.95 
0.I0 - 92hr 160 1.43 1.27 1.30 4.00r I.I0 0.98 1.13 3.08 
1.00 - 92hr 120 1.88 1.77 2.06r 5.71r 0.91 0.86 1.06 2.51 

f = Significantly different from the control (X ~ , p < 0.05) 

L65-1237, seeds of varietyT-219 raised at Columbus, 

OH, during 1971 (kindly supplied by Dr. E.F. Pad- 

dock) were soaked in 0.005, 0.01, 0. I0 and 1.00~Ci/ml 

of tritium for 92 hr. Statistical comparison of control 

spot frequency with the observed frequency on the 

treated plants revealed significant differences for total 

spot frequency at all tritium concentrations tested, 

and in all but one case when double spots were consid- 

ered for such calculations. Also, it is of partic- 

ular interest to note that the lowest concentration, 

0.005 ~Ci/ml, used only in this experiment was also 

effective in increasing spot frequency. As in the pre- 

vious experiments, the increase in all these cases 

was not proportional to the concentration. Thus both 

varieties, viz., L65-1237 and T-219, responded si- 

milarly regarding low dose saturation. The relative 

frequencies of spot types, as indicated by the right 

half of Table 4, were similar in the control versus 

the treated materials. A last set of two experiments 

was conducted to make sure that the so-called satu- 

ration effect is real. Seed samples were soaked in HTO 

of two different concentrations ( 1 and I0 ~Ci/ml). 

The data presented in Table 5 agree with previous data 

that whereas the control population had significantly 

lower frequency of spots compared to the two tritium 

treatments, there were no real differences in spot 

frequency between 1 and 10~Ci/ml treatments. This 

was true for both sets of data. 

(b) Dosimetry 

Water content of developing embryos increased 

rapidly after imbibition of water was initiated. The 

fact that no isotopic discrimination occurred in im- 

bibed water was verified by analyzing the imbibed wa- 

ter and comparing its specific activity with that of the 

treatment solution. Rapid exchange of water in the de- 

veloping embryo resulted in negating the dilution ef- 

fect of water present in the "dry" seedprior to imbibi- 

tion. Thus the water in the embryonic cells had the 

same specific activity as the treatment solution after 

several hours of soaking. 

Dry embryos were found to contain about 10~o 

moisture which rapidly increased upon soaking to about 

55~ within 12hr, to about 75~ within 24hr, and 

equilibrated just above 80~- three days after soaking 

started (Figure 1). 
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Table 5. Spot frequency of the leaves of Y~• plants (var. L65-1237) treated with two different doses of tri- 
tium. Eighty seeds were soaked in 25 ml of given concentrations of HTO and 48 hr later another 15 ml of the 
solution of the same concentration of HTO was added. The seeds were washed in distilled water at the end of 
93hr and sown 

Type and  f r e q u e n c y  of 
s p o t s  p e r  l e a f  

SH C o n c e n t r a t i o n  N u m b e r  of 
( ~ C i / m l )  l e a v e s  a n a l y z e d  D_..G_G Y__j.1 D___bb T 

Set  1 : 

�9 O - C o n t r o l  140 O. 91 1 .29  1 .39  3 .59  
1 70  1 . 9 4  2 . 1 3  1 . 3 7  5 .44% 
10 110 1 .95  2 . 2 8  1.75% 5.98~" 

Set 2: 

.O-Cont ro l  80 1.08 1.39 1.08 3.55 
1 50 1 .52  2 . 4 6  2.16% 6.14% 
10 130 1 .62  1 .88  1 . 5 0 .  5 . 0 0 f  

% = Significantly different from the control (X 2 , p < 0.05) 

In s p i t e  of  i m b i b i t i o n  of  l a r g e  a m o u n t s  of  w a t e r ,  t he  

d r y  we igh t  of t he  e m b r y o s  d id  not  i n c r e a s e  s i g n i f i -  

c a n t l y  un t i l  abou t  9 6 h r  a f t e r  s o a k i n g  ( F i g u r e  1 ) .  

T h e r e a f t e r  e m b r y o  we igh t  i n c r e a s e d  s h a r p l y  t h r o u g h -  

out  t he  d u r a t i o n  of t h e  e x p e r i m e n t .  

A f t e r  t he  t r e a t m e n t  in  HTO, t he  s e e d s  w e r e  sown 

in  s a n d  and  w a t e r e d  w i th  t ap  w a t e r .  U n d e r  t h e s e  c o n -  

d i t i o n s  t he  r a p i d  w a t e r  e x c h a n g e  r a t e  in  t h e  e m b r y o  

and  c o t y l e d o n s  r e s u l t e d  in r e m o v i n g  t r i t i u m  f r o m  c e l -  

l u l a r  a n d  i n t r a c e l l u l a r  w a t e r  p o o l s .  The d e p l e t i o n  r a t e  

of HTO u n d e r  t h e s e  c o n d i t i o n s  w a s  e x a m i n e d  a f t e r  

l e a c h i n g  t h e  s e e d s  f o r  s e v e r a l  d i f f e r e n t  p e r i o d s .  D a t a  

r e v e a l e d  a l o g a r i t h m i c  l o s s  of HTO w h i c h  w a s  s i m i l a r  

f o r  a l l  p e r i o d s  of i m b i b i t i o n .  T w e n t y - f o u r  h r  a f t e r  

s o w i n g ,  t he  HTO c o n t e n t  in  bo th  t h e  c o t y l e d o n s  and  

e m b r y o  w a s  abou t  14  of t he  o r i g i n a l  c o n c e n t r a t i o n  a n d  

at  1 2 0 h r  w a s  l e s s  t h a n  0 . 0 1 ~  of t h e  o r i g i n a l  v a l u e � 9  

O r g a n i c  i n c o r p o r a t i o n  of  t r i t i u m  in t h e  d e v e l o p i n g  

e m b r y o  ( F i g u r e  2) f o l l o w e d  a p a t t e r n  s i m i l a r  to  d r y  

w e i g h t  i n c r e a s e � 9  W i t h i n  t h e  f i r s t  t h r e e  d a y s  t h e  s p e -  

c i f i c  a c t i v i t y  of t r i t i u m  in o r g a n i c  m o l e c u l e s  w a s  f r o m  

3 to 6 ~  t h a t  of t h e  i m b i b i n g  s o l u t i o n  but  s t a r t i n g  a f t e r  

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

i n c o r p o r a t i o n  i n c r e a s e d  r a p i d l y .  T r i t i u m  a c t i v i t y  in  

t h e  o r g a n i c  f r a c t i o n  w a s  d e t e r m i n e d  in  a way t h a t  

y i e l d e d  o n l y  ~ C i / g  of d r y  e m b r y o  t i s s u e .  S i n c e  no 

a n a l y s i s  w a s  done  to d e t e r m i n e  t he  C : H : O r a t i o  in  

t h e  e m b r y o s  on ly  a p p r o x i m a t e  v a l u e s  a r e  a v a i l a b l e  f o r  

t h e  p e r c e n t a g e  of  t r i t i u m  e q u i l i b r a t i o n .  C o n v e r s i o n  

f r o m  a c t i v i t y  p e r  g r a m  to a m e a n i n g f u l  t r i t i u m  to h y -  

d r o g e n  r a t i o  was  b a s e d  on  t h e  a s s u m p t i o n  t h a t  t h e  e r a -  

bryo was about 14~ protein, 2~o fat and 82~o carbohy- 

drate. Using these estimated values and general pro- 

rein, carbohydrate and fat formula, i t  was calculated 

that 0.5 ml of water is recoverable per gram of tissue. 

Recovery of H20 from plant samples oxidized in an 

oxygen pressurized Parr Bomb have yielded 0.45 to 

0.50 ml per gram of tissue. Thus, although this is an 

inaccurate estimate it appears to be an acceptable 

value and allows an interesting observation. When 

seeds were imbibed in HTO for 24hr only 4~Ci/g was 

observed in the organic fraction. This concentration 

of tritium is about 4% of the activity of the imbibing 

solution. The rate of tritium incorporation into organic 

fraction was net rapid until about 96 hr. Subsequent 

incorporation of tritium is indicated bythe linear slope 

in Figure 2 and confirmed by the increase in dry 

weight shown in Figure 1�9 However, after six days 

only 20~ of the organic hydrogen was derived from 

organic material of the cotyledons. 

D i s c u s s i o n  

A s t u d y  of the  b i o l o g i c a l  c o n s e q u e n c e s  of r a d i o i s o t o p e  s 

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

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

s u c h  a s  f r o m  f i s s i o n  p o w e r  r e a c t o r s .  T h i s  i s  p a r t i -  

c u l a r l y  t r u e  of t r i t i u m  w h i c h  m a y  b e  i n c o r p o r a t e d  in to  

DNA t h u s  r a i s i n g  s e v e r a l  p r a c t i c a l  and  t h e o r e t i c a l  

p r o b l e m s  ( C l e a v e r ,  T h o m a s ,  B u r k i ,  1 9 7 2 ) .  It h a s  

b e e n  e s t i m a t e d  t h a t  e x p o s u r e  to  1 ~Ci of t r i t i u m  p e r  

g of f r e s h  t i s s u e  of s o y b e a n  i s  e q u i v a l e n t  to  0 . 3  r a d / d a y  

( C h o r n e y ,  S c u l l y  and  D u t t o n ,  1 9 6 5 ) .  S u p p o s e ,  r e f e r -  

r i n g  to Tab le  1, 12 g of s o y b e a n  i m b i b e d  20 m l  of HTO 

wi th  0 . 0 1 ~ C i  t r i t i u r n / m l .  U s i n g  t h i s  v a l u e ,  t h e  c a l -  

c u l a t e d  d o s e  would  b e  [ 0 . 2 0 ~ C i t  (12 + 2 0 g )  • 0 . 3  



336 B . K .  Vig and  J . C .  M c F a r l e n e :  S o m a t i c  C r o s s i n g  o v e r  in  Glyvine max L.  

10 100 
mg % 

dry embryo 

0.8 2, //'I" ~----I .... 

0.6 / 
o/ 

&4 [ 

/ 

I 0 
0 24 48 72 96 ]20 h 144 

Time 

F i g .  1. P e r c e n t  m o i s t u r e  i nc rease  and e m b r y o  d r y  weight  
c h a n g e s  d u r i n g  i m b i b i t i o n  and  e a r l y  g r o w t h  

8O 
i_ 

60 .~ 

"C3 

40 m 

o 

20 

28 

grn 
24 

20 

16 

0 24 

i I 

i 

48 72 96 120 h 144 
Time 

Fig. 2. Tritium incorporated into the organic fraction of 
developing soybean embryo. Values are expressed as ac- 
tivity per gram of dry embryo. Imbibing solution was 
194 ~Ci/ml of tritiated water 

r a d s / d a y / ~ C i ]  o r  l e s s  t h a n  2 m i l l i r a d s / d a y / g  d u r i n g  

t he  f i r s t  9 4 h r  of t r e a t m e n t .  Th i s  d o s e  would  b e  a p -  

p r o x i m a t e l y  10 t i m e s  h i g h e r  t h a n  t h e  n a t u r a l  b a c k -  

g r o u n d  r a d i a t i o n .  

T h e r e  w a s  a c l o s e  c o r r e l a t i o n  b e t w e e n  t h e  s y n t h e -  

s i s  of  o r g a n i c  m a t t e r  in  t he  d e v e l o p i n g  e m b r y o  and  

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

w i th  t h e  m i n i m u m  d u r a t i o n  of t r i t i u m  n e e d e d  f o r  i n -  

d u c t i o n  of s p o t s .  T h e s e  e v e n t s  r e q u i r e d  abou t  9 6 h r ,  

s u g g e s t i n g  t h a t  t h e  n e w l y  s y n t h e s i z e d  o r g a n i c  f r a c -  

t i on  w a s  a f f e c t e d  by  t r i t i u m  e m i t t e d  b e t a  and  was  

e v e n t u a l l y  r e s p o n s i b l e  f o r  t he  i n d u c t i o n  of s p o t s .  The 

d a t a  in  F i g u r e  1 s u g g e s t  t ha t  t h e  i n c o r p o r a t i o n  of t r i -  

t i u m  in to  o r g a n i c  f r a c t i o n s  d u r i n g  t he  f i r s t  72 h r  was  

due  to e x c h a n g e  of t r i t i u m  on a l r e a d y  p r e s e n t  m o l e -  

c u l e s ,  p r o b a b l y  at  OH s i t e s .  The v e r y  s m a l l  q u a n t i -  

t i e s  so  i n c o r p o r a t e d  w e r e  a p p a r e n t l y  too s m a l l  to 

c r e a t e  d e t e c t a b l e  q u a n t i t a t i v e  d i f f e r e n c e s  in  spo t  f r e -  

q u e n c y .  A l t e r n a t i v e l y  in  s h o r t  t r e a t m e n t  p e r i o d s ,  i m -  

b i b i t i o n  o f t r i t i a t e d w a t e r  a p p a r e n t l y  s t o p p e d  p r i o r  to 

t he  s t a r t  of o r g a n i c  s y n t h e s i s  in  t he  e m b r y o .  R e - e x -  

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

su l t  in  g e n e t i c  m a t e r i a l  e s s e n t i a l l y  d e v o i d  of t r i t i u m .  

C o n s i d e r i n g  t h e  low e n e r g y  of t r i t i u m  e m i t t e d  b e t a  

( O . O 1 8 M e V ) ,  a n d  s h o r t  e f f e c t i v e  r a n g e  in b i o l o g i c a l  

s y s t e m s  ( a p p r o x i m a t e l y  1 ~ m ) ,  i t  i s  not  s u r p r i s i n g  

to f ind  t ha t  t r i t i u m  d id  not  b e c o m e  e f f e c t i v e  u n l e s s  

incorporated into organic material and presumably 

into DNA. 

Previous work (Vig, 1973b) showed that small 

quantities of tritium from exogenously supplied tri- 

tiated thymidine (T-TdR) were incorporated in soy- 

bean plumular tissue within 36 hr of the initiation 

of imbibition. Evidence from the present experiments 

suggests that this early DNA synthesis was either 

too small to have a detectable impact on spot forma- 

tion or the early synthesis was derived from already 

present precursors so that tritium in the water was 

not appreciably incorporated. 

It is interesting that the rise in spot frequency 

reached a certain maximum with rather low levels of 

treatment and neither several fold increase in con- 

centration nor an increase in the duration of treat- 

ment (92 versus 142 hr) changed it. An explanation 

of this finding is not possible with the present data. 

However, a similar observation of a saturation effect 

by tritium was made by Wolff (1964) regarding the 

effect of the T-TdR in causing sister-chromatid ex- 

changes in Vicia faba (broad bean) chromosome. This 

was later supported by the work of Martin and Pre- 

scott (1963) and Wolff and Heddle (1968). More re- 

cently Gibson and Prescott (1972) have shown that 

Chinese hamster cells fed with as low as 0.005 ~Ci/ml 

of T-TdR for as little as 6 hr show a saturation el- 
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f e c t .  In t h e i r  e x p e r i m e n t s ,  us ing  a u t o r a d i o g r a p h y  and 

s i s t e r  c h r o m a t i d  e x c h a n g e s  as  i ndex ,  they  found the  

m a x i m u m  e f fec t  on c h r o m o s o m e s  showing  on ly  0 . 3  to 

0 . 4  g r a i n s  p e r  d a y / c h r o m o s o m e .  It i s  a l so  wor th  

m e n t i o n i n g  that  the  Glyeine max s y s t e m  does  not show 

s a t u r a t i o n  e f fec t  fo r  gene t i c  d a m a g e  when t r e a t e d  with  

up to 7 5 0 R  of g a m m a  r a d i a t i o n  (V ig ,  1974) .  

The po ten t i a l  s i g n i f i c a n c e  of p r o c e s s e s  l i ke  s o m a t i c  

c r o s s i n g  o v e r  i s  not yet  c o m p l e t e l y  u n d e r s t o o d  in e v o -  

lu t ion  and human  b io logy .  Z i m m e r m a n n  and a s s o -  

c i a t e s  ( Z i m m e r m a n n ,  S c h w a i e r  and L a e r ,  1966) have  

po in ted  out that  s o m e  f o r m s  of  c a n c e r  in m a n  m a y  r e -  

su l t  f r o m  the  e x p r e s s i o n  of r e c e s s i v e  genes  in o t h e r -  

w i s e  h e t e r o z y g o u s  i nd iv idua l s  th rough  the  p r o c e s s  of 

s o m a t i c  c r o s s i n g  o v e r .  U n f o r t u n a t e l y ,  no r e p o r t  of 

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

c r o s s i n g  o v e r  u s ing  gene t i c  m a r k e r s  i s  a v a i l a b l e  f r o m  

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

l a t ion  b e t w e e n  the  induc t ion  of s o m a t i c  c h r o m o s o m e  

e x c h a n g e s  in human  c e l l  c u l t u r e s  d e m o n s t r a t i n g  e x -  

change  of c o r r e s p o n d i n g  s e g m e n t  invo lv ing  h o m o l o g o u s  

c h r o m o s o m e s  and the  induc t ion  of twin spo t s  in the  

p r e s e n t  s y s t e m  with a g iven  m u t a g e n  can  be  u s e d  at 

th i s  s t a g e  to s o m e  a d v a n t a g e .  S i m i l a r  s tud ie s  a l so  

s e e m  p o s s i b l e  us ing  mutan t s  of  Niootiana tabacum 

( D e s h a y e s  and Du l i eu ,  1974) which a p p e a r  to e x p r e s s  

s o m a t i c  c r o s s i n g  o v e r .  
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