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Effects  of  G a m m a - R a y  F r a c t i o n a t e d  D o s e s  on  C h r o m o s o m e  A b e r r a t i o n  F r e q u e n c i e s  

Changes  of rad ia t ion  in t ens i ty  have  been  shown to  
mod i fy  the  a m o u n t  of some ch romosomal  aberra t ions .  

In  Tradescantia a decrease was ob t a ined  for two-h i t  
abe r ra t ions  in def in i te  expe r imen ta l  condi t ions  1. 

F r a c t i o n a t e d  doses were  found  to  be more  c o n v e n i e n t  
t h a n  var ia t ion  of r ad i a t ion  i n t ens i t y  and  t h e  same con- 
clusion was  reached  ~. These  resul ts  were  conf i rmed  w i t h  
d i f fe ren t  biological mater ia l s  3-6. As far  as ch romosome  
re jo in ing is concerned,  the  i n t e r p r e t a t i o n  of the  effect  
was  t h a t  the  abe r ra t ions  p roduced  b y  a f i rs t  dose do no t  
i n t e r ac t  w i t h  those  of a second one, w h e n  t ime in terva ls  
be tween  2 i r rad ia t ions  are suff ic ient ly  long. F r o m  th i s  
i n t e rp r e t a t i on  the  occurrence  of 2 chemica l ly  d i f fe ren t  
t y p e s  of ch romosomaI  breaks  was  p o s t u l a t e d  in Vicia ~. 
A firs t  k ind  of abe r ra t ions  can  rejoin wi th in  a shor t  t ime,  
whereas  some o thers  can  remain  open for a m u c h  longer 
t ime.  An a l t e rna t ive  i n t e rp r e t a t i on  is t h a t  a f i rs t  dose of 
r ad ia t ion  sensit izes t he  cell aga ins t  a second one by  way  
of physiological  changesL  

The  occurrence  of 2 k inds  of abe r r a t ions  was  also 
d e m o n s t r a t e d  in A Ilium s and  Tradescantia 9 F a s t  rejoin-  
ing breaks  were  some t imes  i m p u t e d  to  ionic b o n d s  l° ,n,  
whereas  slow re joining ones were  r a the r  a t t r i b u t e d  to  
cova len t  bonds  6. 

Several  ques t ions  r ema in  unsolved.  Are the  resul ts  
ob ta ined  wi th  microspores  reproduc ib le  in ve ry  s low 
metabol iz ing  sy s t ems  like d r y  seeds (in c o n t r a s t  w i t h  pre-  
soaked seeds of  p rev ious  exper iments )  ? Do t h e y  h a v e  t h e  
same impl ica t ions  for d i f fe ren t  k inds  of abe r ra t ions  ? 

Material and methods. Nige[la damascena seeds (var. Miss 
Jekyl l  blue double) were  i r r ad ia ted  wi th  Co 6° 7-rays  
(Picker, of 4200 c w i t h o u t  filter). Two sets  of e x p e r i m e n t s  
were  successively pe r fo rmed  a t  t he  s ame  dose  ra te  
3 k rad /min .  In  t h e  f i rs t  se t  seeds were  g iven 2 exposures  
of 4 k rad  sepa ra t ed  b y  increased t imes  (from 1-64 rain). 
These  t r e a t m e n t s  y ie lded s a tu r a t i on  of aber ra t ions  so t h a t  
the  exposure  was  reduced  to  2 × 2 krad,  given in exac t l y  
t he  same expe r imen ta l  condi t ions  (22°C, 85% re la t ive  
humid i ty ) .  I n  these  condi t ions  the  wa te r  c o n t e n t  was  
8%.  I m m e d i a t e l y  af ter  i r rad ia t ion  seeds were g e r m i n a t e d  

in Pe t r i  dishes  on wet  f i l ter  pape r  a t  19 °C. R o o t  t ips  were  
f ixed (Carnoy) a b o u t  60-70 h a f te r  the  onse t  of germina-  
t ion and  slides were  p repa red  f rom Feulgen  squashes .  I t  
is well k n o w n  t h a t  in these  condi t ions  t he  only  abe r ra t ions  
belong to  t he  c h r o m o s o m e  class ~.  

Results. The  d a t a  of t h e  f i rs t  se t  is g iven in Table  I. All 
exchanges  (compris ing d icent r ics  + acentr ics ,  r ings  + seen-  
t r ies  a n d  s y m m e t r i c a l  t rans locat ions)  have  been  pooled.  
Minutes  (microf ragments ,  conven t iona l ly  < 1 #) were  
classified separa te ly  owing to  some u n c e r t a i n t y  of origin. 

I t  is qu i t e  plausible  t h a t  the  m a j o r i t y  of such small  
abe r r a t ions  cons is t  in in te rs t i t i a l  delet ions.  

E a c h  analys is  is m a d e  on  5 roo ts  (10 in  dose of 4 krad).  
T w e n t y  m e t a p h a s e s  were  ana lysed  in each  root .  

These  d a t a  show a decrease  of t he  effect  w h e n  the  
in te rva l  of t ime  b e t w een  the  2 exposures  is 4 min  or more.  
Since the  effects  reach  a s a tu ra t ion  level, no a t t e m p t  was  
m a d e  to  d i s t inguish  the  difference b e t w een  the  3 coin- 
ponen t s .  Var iance  analys is  in t he  3 f i rs t  g roups  (0-2 min)  
does  n o t  show any  s igni f icant  d i f ference  F ~  = 0.35. This  
is also the  case for  t h e  5 r ema in ing  groups  (4-64 rain) 
F~0 = 0.171. 
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Table I. Effects of a fractionated dose of 8 krad (2 exposures of 4 krad) 

Aberrations Control Control Interval(min) 
4 krad 8 krad 

0 1 2 4 8 16 32 64 

Breaks 10.5 27 21 24 13 18 19 21 21 
Exchanges 38 78 71 81 66 70 60 55 59 
Minutes 27.5 118 115 89 38 45 46 34 40 
Total 106 223 207 194 117 133 125 110 120 

Table II. Effects of fractionated exposure (2 x 2 krad) (analysis on 10 roots, 20 metaphases/root) 

Aberrations Control Control Interval (min) 
2 krad 4 krad 

0 1 2 4 8 16 64 

Breaks 4.5 14 13 13.5 6 7 8 9 
Exchanges 7 30 26 22 11 11.5 18 13 
Minutes 2 12.5 18 8.5 7 4 7.5 4 
Tota l  13.5 56.5 57 44 24 22.5 33.5 26 
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Table III. Variance analysis for the 3 components 

Specialia EXPERIENTIA 24•8 

Interval Degrees of 
of time freedom 
(rain) 

Breaks P Exchanges P rain P 

0.1.2 F ~  0.25 n.s. 
4.8.16.64 F~6 0.5 n.s. 
Total F~3 3.52 < 0.01 

1.18 n.s. 2.55 n.s. 
0.15 n.s. 1.43 n.s. 
4.67 <~ 0.01 5.82 < 0.01 

O n  t h e  o t h e r  h a n d ,  v a r i a n c e  ana lys i s  for all  g roups  
(0-64) is h i g h l y  s ign i f i can t  F ~  ~ 4.41 ( P  < 0.01). 

T h e  e x p e r i m e n t  was  r e p e a t e d  w i t h  2 exposures  of 2 k r a d  
(Tab le  I I ) .  

T h e  s ame  decrease  of effect  a p p e a r e d  as was  t h e  case 
a t  h i g h e r  exposure .  Tl~is decrease  occurs  for  t h e  3 t y p e s  
of abe r r a t i ons .  Af t e r  i n t e r v a l s  longer  t h a n  4 m i n  t h e  level  
of effect  of 2 × 2 kraal is p r ac t i ca l l y  twice  as  h i g h  as  
1 × 2 k rad .  I n  t h e  2 e x p e r i m e n t s ,  " the r e su l t s  o b t a i n e d  
for  t he  c o m m o n  con t ro l s  a re  of t h e  s a m e  o rde r  of m a g n i -  
tude .  V a r i a n c e  ana lyses  were ca r r ied  o u t  t h e  s a m e  w a y  as 
w i t h  t h e  h i g h e r  exposu re  b u t  for t h e  3 c o m p o n e n t s  
(Table III). 

F r o m  the  ana lys i s  of al l  groups ,  i t  c a n  be. safely con-  
c luded  t h a t  h e t e r o g e n e i t y  ex is t s  a m o n g  t h e  d i f f e ren t  
g roups  for  e ach  k i n d  of abe r r a t i ons .  On t he  o t h e r  h a n d ,  
no  s ign i f i can t  d i f ference ex is t s  w i t h i n  t h e  3 f i r s t  g roups  
a n d  w i t h i n  t h e  4 l a s t  ones.  

T h u s  t h e r e  is a decrease  of" t h e  effect  a t  i n t e r v a l s  
longer  t h a n  4 rain.  A d d i n g  t h e  d u r a t i o n  of 2 i r r a d i a t i o n s  
in  t h e  case  of t h e  second e x p e r i m e n t ,  i t  c an  be  de r ived  
t h a t  t h e  i n t e r v a l  for  b r e a k  r e jo in ing  is longer  t h a n  
3 ra in  20 sec a n d  s h o r t e r  t h a n  5 ra in  20 sec. T h e r e  is no  
f u r t h e r  decrease  a t  longer  i n t e r v a l s  and ,  acco rd ing  to  
some more  r e c e n t  expe r imen t s ,  for  i n t e r v a l s  as long  as 4 h.  

Discussion and conclusion. The  effect  o b t a i n e d  in our  
e x p e r i m e n t s  is s imi la r  to  t h a t  o b t a i n e d  in  Altium s, b u t  
in  t h i s  l a s t  case  seeds h a d  b e e n  i m m e r s e d  before  i r r ad ia -  
t ion .  Th i s  was  also t h e  case  of ViciaS. 

I t  c a n  b e  conc luded  t h a t  t h e  fal l  of t h e  a m o u n t  of 
a b e r r a t i o n s  is i n d e p e n d e n t  of t h e  w a t e r  c o n t e n t .  T h e  
m a j o r i t y  of t h e  e x p e r i m e n t s  rea l ized  b y  p rev ious  workers  
d id  n o t  ru le  o u t  t h e  p a r t i c i p a t i o n  of m e t a b o l i c  processes  
in  b r e a k  r e jo in ing  since g e r m i n a t i o n  was s t a r t e d  before  
i r r ad ia t ion .  

Th i s  is in  c o n t r a s t  w i t h  t h e  p r e s en t  f ind ings  in w h i c h  
v e r y  slow m e t a b o l i z i n g  s y s t e m  was  ut i l ized.  

P r ev ious  worker s  s,8,s obse rved  a second fal l  w h i c h  was 
a t t r i b u t e d  to  m e t a b o l i c  repai r .  Th i s  m e t a b o l i s m  would  be  
needed  for t h e  second  k i n d  of abe r r a t i ons .  

As expec t ed  t h i s  second fall  d id  n o t  occur  in  t h e  p r e s e n t  
ex p e r i men t s .  

A n o t h e r  p o i n t  w o r t h  m e n t i o n i n g  is t h a t  all  k i n d s  of 
a b e r r a t i o n s  a re  conce rned  i n  t h e  process  a n d  n o t  o n l y  ex-  
ch an g es  as  in  o t h e r  ma te r i a l s .  S ince  in  n o n e  of t h e  presee, t 
e x p e r i m e n t s  ac t ive  m e t a b o l i s m  is invo lved ,  i t  wou ld  b e  
t e m p t i n g  to  a d o p t  t h e  h y p o t h e s i s  1°,1x t h a t  ion b o n d s  c a n  
p l a y  a role in  t h e  r e jo in ing  of t h e  f i rs t  class of b r e a k s  
w h i c h  is here  t h e  on ly  ex i s t ing  one. E x p e r i m e n t s  des igned  
to  ve r i fy  t h i s  a s se r t ion  are  in  progress  x3. 

R~sumd. Des gra ines  s~ches de  Nigella damascena o n t  6t6 
i r radi6es  p a r  les r a y o n s  y du  Co ~° g des  doses  f r ac t ionn6es  
de  2 × 4 k r a d s  e t  2 × 2 k r a d s  s6par6es  p a r  des  i n t e rva l l e s  
de  t e m p s  a l l a n t  de  1 -64  rain.  Les  r6sn l t a t s  des  2 exp6-  
r iences  se c o n f i r m e n t  e t  m o n t r e n t  q u ' g  des  in t e rva l l e s  de  
t e m p s  de  4 m i n  e t  plus,  la  f r6quence  de  t o u s l e s  t ypes  
d ' a b e r r a t i o n s  d i m i n u e  de  man i~ re  s igni f ica t ive .  Ces fairs  
i m p l i q u e n t  l ' ex i s t ence  de  m 6 c a n i s m e s  r 6 p a r a t e u r s  oh  in-  
t e r v i e n n e n t  peu  ou p a s  du  t o u t  les p rocessus  m6tabo l iques .  
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