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Fas t  R e j o i n i n g  P r o c e s s e s  in Nigella damascena C h r o m o s o m e s  After  F r a c t i o n a t e d  E x p o s u r e s  to 
Accelerated Electrons 

In  previous  expe r imen t s  wi th  the  p l an t  species Nigella 
damascena, i t  was found  t h a t  f rac t iona t ion  of y-ray 
exposures  resul ts  in a h ighly  s ignif icant  decrease of the  
f requency  of lesions belonging to  the  ch romosome  class 
a t  t ime  in tervals  longer t h a n  2 rain 10 sec ~. This decrease 
was suppressed  or reversed  a t  exac t ly  t he  same t ime  
in te rva l  when  seeds were p r e t r ea t ed  wi th  a solut ion of 
various che la t ing  agents .  F r o m  these  data ,  it  was inferred 
t h a t  ionic bonds  are involved in the  fast  re joining 
processes ~. 

These new expe r imen t s  were designed to inves t iga te  if 
the  conclusions d rawn from exper imen t s  wi th  y-rays can 
be ex t ended  to  accelera ted electrons.  
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RBE's of accelerated electrons versus 6~ y-rays (10 root meristems/ 
20 metaphases per meristem). Dotted line: accelerated electrons. 
Full line : 6~ v-rays. 

Table I. Effects of fraetionated exposures of accelerated eIectrons 
(2 • 2 krads) separated by increased time intervals 

Treatments Time intervals (min) 

0 1 3 6 30 60 

Control 32.5 20.0 17.5 22.5 16.5 21.5 
DP 32.5 29.5 25.0 21.5 25.0 22.5 
DIECA 20.5 23.0 18.5 18.0 28.0 23.5 

Percentages of chromosome aberrations (10 root meristems/20 
metaphases per meristem). 

Table II. Effects of fraetionated exposures of accelerated electrons 
(2 • 2 krads) separated by increased 10 see intervals 

Treatments Time intervaIs (see) 

0 10 20 30 40 50 60 70 120 

Control 48.5 53.5 48.5 33.0 32.0 33.5 32.5 31.0 33.5 
DP 28.5 32.0 39.0 31.0 31.5 30.0 27.0 23.5 33.0 
DIECA 31.0 36.0 31.0 42.0 45.0 39.5 42.0 43.5 42.5 

Percentages of chromosome aberrations (10 root meristems]20 
metaphases per meristem). 

Material and methods. The mater ia l  Nigella damascena 
dry  seeds has been previous ly  descr ibed in detai l  2. Seeds 
(about 8% wate r  content)  were i r rad ia ted  in a B e t r a t r o n  
w i t h  34 MeV electrons a t  3 dose ra tes  in 3 series of experi-  
ments ,  respect ive ly  740 rads /min ,  674 r ads /min  and  847 
fads/ ra in .  The seeds were i r rad ia ted  by  the  e lectron b e a m  
in the  center  of a plexiglas block 3 cm th ick  backing the  
moni to r ing  ch amb e r  of the  electron beam of the  Bet ra ton ,  
Brown-Bover i  35 Asclepitron.  

The absorbed  dose re la t ive to  wa te r  was der ived f rom 
ionizat ion measu remen t s  wi th  a 0.6 cm 3 Baldwin  chamber  
in the  i r radia t ion  site of the  seeds and  checked by  absorbed  
dose measu remen t s  with a Fr icke dosimeter .  A supple-  
m e n t a r y  ver i f icat ion was made  by  the  same me t h o ds  in 
the  same sample  holder  a t  the  end of the  d i a p h r a g m  
def ining a field of 12 • 12 cm. The dose ra tes  men t ioned  
are the  effective ones ob ta ined  for the  di f ferent  i r radia-  
t ions  and  the  precision ranges v a r y  f rom 3.6% to 5.1% a t  
the  95 % confidence level. 

The f irs t  series, designed to evalua te  the  re la t ive biolo- 
gical effect iveness (IRBE) of accelera ted electrons,  was 
compared  wi th  an i r rad ia t ion  wi th  6~ y-rays (dose ra te  
362 rads /min  at  25~ 53% relat ive humidi ty )  a t  doses 
ranging  f rom 2 to  6 krads.  In  t he  y-ray beam,  the  seeds 
were i r rad ia ted  in the  center  ot t h e  same plexiglas  block 
set  close to the  col l imator ,  a t  full aper ture ,  of an abou t  
6~ 2500 Ci Picker  C8M/80 instal la t ion and  backed  by  a 
10 cm th ick  plexiglas block. 

The second series was designed to  inves t iga te  the  effects  
of f r ac t iona ted  exposures  oI accelera ted electrons.  The 2 
exposures  (2 • 2 krads) were separa ted  by increased t ime  
in terva ls  rang ing  f rom 1 to  60 rain. 

The th i rd  series of expe r imen t s  was made  to conf i rm 
and  to precise the  resul ts  of the  second. The 2 exposures  
were separa ted  by  t ime  in tervals  ranging  f rom 10 to  120 
sec wi th  a regular  i nc remen t  of 10 sec (except  for the  last  
interval) .  Seeds were sown immed ia t e ly  af ter  i r rad ia t ion  
and  the  ch romosome  damage  observed dur ing  the  first  
mi to t ic  cycle af ter  i r radiat ion.  The cytoIogical procedures  
have  been repor ted  elsewherea. 

For  expe r imen t s  wi th  chela t ing agents,  seeds were 
t r ea ted  ei ther  by  sodium d i e thy ld i t h ioca rbama te  (DIECA) 
or d ipyr idy l  (DP) (1 • 10 -4 M/8 h at  20~ then  redried 
to the  initial  mois ture  before i r radiat ion.  

Results. The Figure  summar izes  t he  resul ts  oi t he  first  
exper iments .  R B E ' s  of accelera ted electrons versus s~ 
v-rays are of the  same order  of magn i tude  as those  repor t -  
ed by  o ther  researchers  for qui te  d i f fe rent  mater ia ls .  
These da ta  a l lowed 'us  to select the  appropr i a t e  exposures  
for the  expe r imen t s  of f rac t ionat ion .  

Table  I shows a s ignif icant  decrease of the  n u m b e r  of 
aber ra t ions  be tween  0 and  1 min  in terval  i.e. non  fract ion-  
a ted  and f rac t iona ted  exposures  (the F value be tween  
0 and 1 rain is 12.18"*). The th resho ld  value ( - -4 0 %)  is 
comparab le  to t he  mean  th reshold  value ob ta ined  wi th  
y-rays ( - -41 .3%)  1 . However ,  the  d a t a  suggest  t h a t  the  
drop  occurs earlier a f ter  accelera ted  electrons t h a n  af ter  
y-rays. As for y-rays, t he  drop is suppressed  by  b o t h  
chela t ing  agents  (stat ist ical  differences no t  significant).  

1 j .  GILOT-DELHALLE, R. THAi<ARE and J. MOUTSCHEN, Rad. Bot. 
13, 229 (1973). 

2 ~. and iVf. M~OUTSCHEN-DAHiVIEN, J. GILOT-DELHALLE and M. 
REEKMANS, La Cellule 66, 83 (1966). 

a j .  and M. ]V[OUTSCHXN-DAHMEN and J. GILOT, Experientia 24, 843 
(1968). 
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Table III. Etfects of fraetionated exposures of acceierated electrons 
on different types of aberrations (2 • 2 krads) 

Time intervals (see) 

0 10 20 30 40 50 60 70 120 

Breaks 10.5 15.5 14.0 11.5 8.5 11.0 7.5 8.5 7.5 

Asymmetrical exchanges 
Interchanges 16.5 18.0 17.0 10.5 11.0 13.5 11.5 10.5 16.5 
Intraehanges 7.5 7.5 7.0 5.5 2.5 3.5 4.0 2.0 4.5 
Milmtes 14.0 12.5 10.5 5.5 10.0 5.5 9.5 10.0 4.5 

Percentages of aberrations (10 root meristems/20 metaphases per 
meristem). 

p roved  t h a t  these  processes also opera te  af ter  accelera ted  
electrons.  The fact  t h a t  the  m i n i m u m  delay before t he  
drop  is shor te r  t h a n  af ter  7-rays (20 sec ins tead of 2 mill 
10 sec) could be due to  differences of exper imenta l  con- 
dit ions,  especially the  higher  dose ra te  in the  case of 
accelera ted  electrons.  

The two chela t ing agents  react  in the  same m a n n e r  as 
af ter  7- i r radia t ions  i.e. by  suppress ing  the  decrease 
ob ta ined  in t he  series w i thou t  chela t ing agents.  The 
decrease of t he  damage  is general ly  t h o u g h t  to be due to 
the  p reponde rance  of res t i tu t ions .  Some "of those  ' resti-  
t u t e d  breaks '  could no t  pa r t i c ipa te  in exchanges,  which  
explains the  decrease of the  n u m b e r  of aberra t ions .  In  the  
p resen t  exper iments ,  th is  s t a t e m e n t  was conf i rmed since 
the  p ropor t ion  of incomple te  exchanges  was cons iderably  
decreased af ter  the  cri t ical  t ime  interval .  This  re la t ive  
decrease of incomple teness  would be a biased es t ima te  of 
the  chromosome break  res t i tu t ion .  

The resul ts  of the  th i rd  series are given in the  Table  II.  
This shows t h a t  decrease occurs be tween  20 and  30 sec 
t ime  in terval  (F 20-30 sec = 21.7"*) and no decrease 
appears  af ter  chela t ing agent  t r e a t m e n t s  (contrariwise,  a 
sl ight increase for D I E C A  is seen be tween  the  same t ime  
intervals) .  

Table  I I I  shows t h a t  all k inds of aber ra t ions :  breaks  
and  exchanges  are involved in the  decrease.  Minutes  
( f ragments  smaller  t h a n  0.5 ix) were classified separately ,  
owing to  the  unce r t a in ty  of the i r  origin. Symmet r i ca l  
exchanges  were no t  t aken  into considera t ion  on account  of 
the  diff icul ty  of de tec t ion  of such lesions. In  tile class of 
d icentr ic  chromosomes ,  the  p ropor t ion  of dicentr ics  
accompanied  witt l  2 acentr ic  f ragments  can be general ly 
considered as an index  of incomple te  rejoining. This 
p ropor t ion  was s ignif icant ly  m u c h  lower af ter  the  critical 
interval .  A score of 100 dicentr ics  yie lded the  p ropor t ion  
20% before, agains t  4% af ter  (;r = 10.7, p _~ 0.001). 

Discussion and conclusion. The t ime  in terval  af ter  7- 
rays  (2 min  10 sec) is the  m i n i m m n  delay  necessary  for the  
suppress ion of in te rac t ion  be tween  b o t h  exposures  due to  
fast  re joining processes ~. In  the  p resen t  exper iments ,  we 

Rdsumd. Des graines (~s~ches~) de nigelles on t  6t6 
irradi6es par  des doses Iract ionn6es (2 • 2 krads) d'61ec- 
t rons  acc614r6s (34 MeV). Une  d iminu t ion  tr~s signifies- 
t i r e  des t a u x  de routes  les 16sions chromosomiques  a lieu 
ent re  les interval les  de t e m p s  20 et  30 see. Apr~s un trai-  
t e m e n t  des graines par  2 agents  de ch61ation (DP et  
DIECA),  il y a suppress ion de l 'effet.  
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E v o l u t i o n  in a C o s m o p o l i t a n  Spec ies :  Genet ic  Lat i tudina l  Cl ines  in Drosophila melanogaster 
Wild P o p u l a t i o n s  

Drosophila melanogaster, a widespread  cosmopol i tan  
species, if of ten  considered of low in te res t  for evo lu t ionary  
studies.  This  is ma in ly  due to  the  fact  t h a t  these  flies are 
ecologically l inked to  h u m a n  agricul tural  act ivi t ies  1,~. 
I t  is general ly assumed t h a t  melanogaster was in t roduced  
by  m a n  in m a n y  countr ies  and  t h a t  genet ic  exchanges  
be tween  foreign popula t ions  are still favored by  frui t  
t r anspor t s .  Thus,  recen t  in t roduc t ion  in m a n y  countr ies  
and p e r m a n e n t  mix ing  of popula t ions  should leave l i t t le 
t ime  for the  appearance  of geographic  divergences  and  
the  fo rma t ion  of locat races. We  leave open the  ques t ion  of 
t he  ex t en t  of m a n ' s  influence on melanogaster genetics,  
bu t  show t h a t  s t rong la t i tud ina l  selection exis ts  among  
these  flies. 

TEISSIER et  al. 3-s showed t h a t  q u a n t i t a t i v e  b iometr ica l  
differences d i s t inghish  F rench  and  Japanese  strains.  This 
conclusion resul ted  f rom the  s t u d y  of numerous  strains,  
bu t  the  f requency  d i s t r ibu t ions  of d i f fe rent  s t ra ins  
of the  same geographic  origin over lapped  great ly  so t h a t  
it  was no t  possible to  de te rmine  the i r  indiv idual  origins. 
The reason for th is  now appears  to be a genet ic  dr i f t  

which  art if icial ly increased var iab i l i ty  be tween  s t ra ins  
kep t  under  l abora to ry  condi t ions  for several  years  9,1~ 
For  mos t  q u a n t i t a t i v e  b iometr ica l  characters ,  f reshly  
caught  flies show less he te rogene i ty .  

More recent ly ,  s t ra ins  f rom t ropical  Africa reared  in 
s t an d a rd  25~ l abora to ry  condi t ions  were found to  be 
m u c h  smal ler  and to have  fewer ovarioles thai1 F rench  
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1963), p. 533. 
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5 G. TEISSIER, Annls G4n4t. 7, 2 (1958). 
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7 j .  p .  MELOU, Annls G4n4t. 3, 25 (1961). 
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