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A Thymidine-Induced Sex-Linked, Sex-Limited Temperature-Sensitive Lethal and the Significance 
of Modifier Genes in Drosophila melanogaster 

In  an earlier repor t ,  t he  au tho r  1 inves t iga ted  a group 
of eight  sex-l inked lethals  induced  in D. mela~cogaster b y  
feeding it on t hymid ine -con ta in ing  cul ture  m e d i u m  2. One 
out  of these  e ight  behaved  as a t empera tu re - sens i t i ve  
lethal .  This  has been  ma in t a ined  in a ba lanced  s tock 
(against  y Sc sl In  49 Sc 8) in our labora tory .  A pure  s tock 
of this  le thal  (denoted as 1 t~) has  been  es tabl ished and  
kep t  a t  26~ The f ecund i ty  and  fer t i l i ty  are re la t ive ly  
good. The homozygous  females  are viable  a t  16 ~ and  
26 ~ the  hemizygous  males  a t  26 ~ only. The p resen t  
note  is a comple te  analysis  of th is  le thal  (see also SuzuKI 
and DUCK s and SUZUKI, PITERNICK et al.4). 

The stock employed for the localisation carried the 
markers w sn B in the X-chromosome. By the usual 
crossing-over technique the lethal factor i ts was found 
to be located at 52 -4- 1%. An examination of the salivary 
gland chromosomes stained with aeetie-orcein revealed 
no gross changes and deletion of the size of one band could 
not be ruled out. It seems very probable that the lethal 
factor is a point mutation. Further, as the lethal effect 
of Its is found to set in in the late third instar larvae/early 
pupae stage, this has been termed as a L/Pr-boundary 
lethal. 

To explain the difference in the survival-behaviour 
of the males and females, as mentioned above, one might 
presume (see HADORN~) that in the females the activity 
of the ring-gland hormones produced is strong enough 
to make them cross the L/Pr threshold and let them 
survive at both temperatures. In males it is insufficient 
at 16 ~ but strong enough for survival at 26 ~ However, 
this is just a conjecture. 

The rest of the genotype being identical for both of 
the sexes, the temperature-sensitivity of the present 
lethal factor may be a result of its interaction with some 
modifying factor (denoted as 'm') located on the X-chromo- 
some. In males, the modifier is present in a single dose, 
whereas in females the dose is doubled (2 X-chromosomes) 
and the effect might be potentiated (HERSKOWlTZ~). 

To verify the above hypothesis, the homozygous 
females i t; m/it;m were mated to normal Oregon males 
and the emerging females I ts m/+ + in turn mated to 
y SoS i In 49 Sc s males. The resulting recombinant and 

n o n - r eco mb i n an t  females  were individual ly  m a t e d  to  
y So s l  I n  49 Scs males and  a large n u m b e r  of cul tures  
s t a r t ed  a t  26~ Out  of 154 cul tures  checked for the  
presence  or abscence of normal  males,  13 were  w i t h o u t  
normal  males.  Assuming  the  e s t ima ted  n u m b e r  of the  
+ m geno type  to be equal  to  1 t~ + genotype ,  th is  would 
give a crossing-over  ra te  of t he  order  of 26/154 or 17%. 
The 13 cultures,  cor responding  to  t he  geno type  l t s +  
(devoid of m) behave  as le thal  bo th  a t  26 ~ and  16~ 
being no longer t empera tu re - sens i t ive .  This  observa t ion  
is i m p o r t a n t  f rom general  biological considera t ions  as 
it  po in t s  out  t h a t  t he  deleter ious  effects  of cer ta in  genes 
migh t  au tomat ica l ly  be c o m p e n s a t e d  by  others.  Fur the r ,  
t he  t e rms  such as ' sub-vi ta l ' ,  ' semi- le thal '  and  'pene-  
t rance '  win  new signif icance in t he  l ight  o f  t he  p resen t  
observat ions .  More exper imen t s  are under  progress  and  
will be repor ted  e lsewhereL 

Zusammen/assung. ]3ei Drosophila melanogaster wurde  
ein tempera turabh~ingiger  Le ta l f ak to r  gefunden.  Die 
Tempera tu rabhs  der  Mani fes ta t ion  wird mi t  dem 
Vorhandense in  yon  Modif ika t ionsgenen erkl/irt. 
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Modifications with Chelating Agents of the Effects of y-Ray Fractionated Exposures on Chromosome 
Aberrations 

In  previous expe r imen t s  1 w i th  Nigella damascena seeds, 
we showed t h a t  f rac t iona t ion  of 7-ray doses results  in a 
decrease of ch romosome  aber ra t ion  frequencies  when  
in tervals  of t ime  be tween  the  two exposures  are longer 
t h a n  3 rain 20 see and shor te r  t h a n  5 rain 20 sec. In  th is  
p l an t  mater ia l ,  t he  effect  of f rac t iona t ion  was concerned 
wi th  aber ra t ions  of the  ch romosome  class only in which  
exchanges  are m u c h  more  af fec ted  t h a n  breaks.  In  th is  
research,  i t  was clear t h a t  we were deal ing wi th  fast  
re joining processes in which  ionic bonds  are general ly  
imputed~,  3 which  excludes the  pa r t i c ipa t ion  of some 
act ive  metabol i sm.  In  view of these  exper iments ,  chela t ing  
agents  were t e s t ed  to  modi fy  the  effects  of ionizing radia-  
t ions  and  found  to  be act ive  on ch romosome  breakage  as 
well as ca t ion s t a rva t ion  a-6. In  th is  respect ,  e thy lene  
d iamine  te t ra -ace t ic  acid (EDTA) ~, s, 2, 2 ' -d ipyr idyl  9 and 

somet imes  Cupfer ronl~  were t h o u g h t  to  ac t  by  a mecha-  
n ism of chela t ion  of nuclear  components .  

The p resen t  expe r imen t s  are des igned to  t e s t  whether ,  
in our biological sys tem,  chela t ing  agents  can influence 
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~[odifieations of effect for each class of aberrations 
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Aberrations Control 2, 2"-Dipyridyl 

a a b 

8-Hydroxyquinoline Cupferron EDTA Diethyldithio- 
carbamate 

a b a b a b a b 

Breaks 0.597 0.789 3.043 0.982 1.565 1.348 2.162 0.895 0.753 1.426 2.522 
Exchanges 0.669 0.925 1.347 1.162 1.253 1.561 1.011 1.310 1.138 1.628 1.744 
Minutes 0.417 1.542 1.597 1.408 2.421 2.334 2.196 1.228 3.000 1.917 3.228 
Total 0.581 0.971 1.692 1.208 1.615 1.636 1.387 1.232 1.538 1.677 2.261 

a, ratios of the means of the 3 final levels to the 3 initiallevels of the same series, b, ratios of the means of the 3 final levels of each chelating 
agent to the final control levels. 
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Fig. 1. Percentage of aberrations after unfractionated exposures 
(4 krad) of dry seeds treated with several chelating agents (1 • 10 -a 
M/8 h). (Analysis of 200 metaphases in each case.) 
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after fractionated exposures 
(2 x 2 krad) expressed in percent of the initial level (unfractionated 
exposure). (Analysis of 200 metaphases in each case.) 

the  effects of v- ray  f rac t ionat ion .  If so, it  would  be an 
indica t ion  of the i r  ac t ion  a t  t he  nuclear  level. Therefore  
the  local izat ion of such  cat ions  a t  some i m p o r t a n t  sites 
wi th in  t he  nucleus could be inferred.  Since it was  also 
found t h a t  chela t ing  agents  can  themse lves  be chromo-  
some breakers  n,  p roper  concen t r a t ion  should f irs t  be  
careful ly choosen. 

Material and methods. The mate r ia l  (Nigella damascena 
dry  seeds) has  previous ly  been  descr ibed in detai l  1. They  
were t r ea t ed  wi th  1 • 10-1~M solut ions for  EDTA,  Cupfer- 
ton,  2 ,2 ' -d ipyr idyl ,  8-hydroxyquinol ine ,  d ie thy ld i th io -  
c a r b a m a t e  or disti l led wa te r  (control) for 8 h and  t h e n  
redr ied to  the i r  init ial  level (8%). A p re l imina ry  exper i -  
m e n t  has  shown t h a t  t he  concen t ra t ion  chosen was  free 
of effect  on chromosomes .  

Seeds were i r rad ia ted  wi th  6~ v-rays (Picker of 
4200 Ci w i t h o u t  filter-) a t  t he  dose ra te  of 3 k rad /min .  
Exposures  were 2 t imes  2 krads  sepa ra ted  by  t ime  inter-  
vals of 0, 1, 2, 3, 4, 5 ~  Longer  exposures ,  which  could 
resul t  in sa tu ra t ion  of aberra t ions ,  were avoided.  In te r -  
vals  longer t h a n  5 ~  which  did no t  show any  difference 
in previous  exper iments ,  were  no t  inves t iga ted .  Tech- 
nical  man ipu la t ions  af ter  i r rad ia t ion  and  cytological  
procedures  have  previous ly  been  r epo r t ed  in deta i l  1. 

Results. The effects  of all k inds  of aber ra t ions  (in %) 
af ter  chela t ing  agents  were  co mp a red  wi th  t he  contro l  
level (Figure 1) w i t h o u t  dose f rac t ionat ion .  Af te r  all 
chela t ing  agents,  t he  effect  was found  to  be lower. This  
is in ag reemen t  wi th  t he  occurrence of a p ro t ec t ive  effect  
f i rs t  descr ibed in m a m m a l s  t2 af ter  E D T A  and  d ie thyl -  
d i th ioca rbama te .  The p ro tec t ive  effect  increases in t h e  
order  2, 2 ' -dipyridyl ,  8-hydroxyquinol ine ,  d ie thy ld i th io -  
ca rbamate ,  Cupferron and  EDTA.  

On the  o the r  hand ,  i t  can be seen (Figure 2) t h a t  t he  
decreased a m o u n t  of aber ra t ions  normal ly  occurr ing a t  
in tervals  h igher  t h a n  4 min  is suppressed  by  all che la t ing  
agents .  W i t h  4 out  of 5 inves t iga ted  agents,  the re  was a 
clear increase at in te rva ls  longer  than 3 min.  The  in ten -  
s i ty  of th is  increase was in t h e  order  2, 2 ' -dipyridyl ,  
8-hydroxyquinol ine ,  EDTA,  Cupferron,  d ie thy ld i th io -  
ca rbamate .  Fo r  2, 2 ' -dipyridyl ,  t he  effect  can  be consid-  
ered as pos i t ive  since the re  is no s ignif icant  decrease,  as 
is the  case in t he  control .  The  a m o u n t  of abe r r a t i ons  
scored af ter  t he  increase was h igher  t h a n  the  contro l  
level a f te r  t he  decrease  each k ind  of aber ra t ions  be ing  
involved.  

D a t a  are given in t he  Table,  in which  final  levels (mean 
a m o u n t s  of aber ra t ions  af ter  t he  increase) are co mp a red  
wi th  t he  ini t ial  levels (mean a m o u n t  b e f o r e  the  increase ) 
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(a) and  the  final  levels (after the  increase) wi th  t he  control  
f inal  level (after t he  decrease) (b). Compar ison  is made  
for each kind of aberra t ion .  Minutes  have  been  separa te ly  
classified, the  major  pa r t  of it  consis t ing p robab ly  in 2 
h i t  aberra t ions .  In  t he  contro l  series all k inds of aberra-  
t ions  decrease.  This  decrease is h igher  for exchanges  
which  conf i rms previous  f indings 1. 

W i t h  all chela t ing  agents  inves t iga ted  the  rat ios  are 
s ignif icant ly  increased for all k inds  of aber ra t ions  (b). 
The sl ight  except ion  no ted  af ter  E D T A  for b reaks  was  
p robab ly  due  to  some sample  error. Compared  wi th  the  
control ,  t he  absolute  increase for t he  to ta l  aber ra t ions  
is ordered:  Cupferron,  EDTA,  8-hydroxyquinol i l le ,  2, 2'- 
d ipyr idyl ,  d i e thy ld i th ioca rbamate .  

Discussion and conclusions. The f rac t iona t ion  effect  was 
clearly suppressed  by  all che la t ing  agents,  the  efficiency 
of which being d i f fe ren t  for each k ind  of agent ,  which  
m a y  depend  on the  s t ab i l i ty  cons t an t  of t he  che la t ing  
complexes.  The p resen t  f inding is a s t rong ind ica t ion  
t h a t  ionic bonds  are involved  in the  f i rs t  re jo in ing pro-  
cesses of b roken  chromosomes  suggest ing a d i rec t  effect  
a t  t he  ch romosome  level ,  However ,  t he  p ro tec t ive  effect  
a f ter  un f rac t iona ted  doses or doses separa ted  by  smal l  
in tervais  could arise f rom all i n d i r e c t  mechan i sm as in 
mammals .  New exper imen t s  des igned to  see t he  p a r t  

p layed  by  d i f ferent  ions, as well as induced specific 
ch romosome  modif icat ions ,  are in progress  13. 

Rdsumd. Des graines s~ches de Nigella damascena ont  
6t6 t ra i t6es  par  les agents  de ch61ation su ivan ts :  I 'EDTA,  
le 2, 2 ' -dipyridyl ,  le Cupferron,  la 8-hydroxyquinol6ne e t  
le d i6 thy ld i th ioca rbamate  a v a n t  d ' e t r e  irradi6es par  !es 
rayons  y du 6~ ~ des doses f ract ionn6es  (2 • 2 krads) 
s6par6es pa r  des interval les  de 0 ~ 5 min.  On a consta t6  
une suppress ion de l 'e f fe t  de f r a c t i o n n emen t  et  une aug- 
m e n t a t i o n  absolue des f r6quences de tous  les types  d ' abe r -  
ra t ions  des chromosomes .  Pa r  contre ,  pour  des in ter :  
valles cour ts  ou nuls, un effet  r ad iopro tec teu r  est  observ6 
par  r ap p o r t  au t6moin.  
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A C o r r e l a t i o n  B e t w e e n  the  A b i l i t y  to  W i t h s t a n d  H i g h  T e m p e r a t u r e s  an d  R a d i o r e s i s t a n c e  in  Droso- 
p h i l a  melanogaster 

Single insemina ted  founder  females  of D. melanogaster 
collected in t he  wild have  been shown to  lead to  s t ra ins  
w h i c h d i f f e r  for several  q u a n t i t a t i v e  t ra i ts ,  such as 
scutel lar  and  s ternopleura l  chae ta  number s  1, 2, ma t i n g  
speed and  du ra t ion  of copula t ion  3, abi l i ty  to  w i t h s t a n d  
t e m p e r a t u r e  shocks 4, and  res is tance  to  i r radia t ion  wi th  
Co s~ y-rays 5. As argued in these  publ icat ions ,  th is  is in- 
d i rec t  evidence t h a t  t he  wild popfi la t ions are po lymorph ic  
for genes (or polygenes) control l ing these  traits% The 
p o l y m o r p h i s m  for scutel lar  ehae ta  n u m b e r  has  been  
exploi ted  by  HOSGOOD, MACBEAN and  PARSONS 7 who 
found t h a t  w h e n  di rect ional  selection for h igh chae ta  
n u m b e r  was  based  on those  s t ra ins  which  had  a h igh  
scutel lar  chae ta  number ,  ex t r eme ly  rapid  responses  were  
obta ined.  

In  th is  paper ,  we discuss the  abi l i ty  of popula t ions  to  
w i t h s t a n d  h igh  t e m p e r a t u r e s  in re la t ion to  the i r  level of 
radiores is tance  to Co ~~ y-rays. Refer r ing  f irs t  to  t he  
abi l i ty  to  w i t h s t a n d  h igh  t empera tu res ,  newly h a t c h e d  
larvae  were  placed in to  vials for each of 18 s t ra ins  all 
der ived f rom single insemina ted  females  collected at  
Leslie Manor  (Victoria)1-~, and  the  n u m b e r  of adul t s  
t h a t  emerged  at  t he  ex t r eme  t e m p e r a t u r e  of 30.5 ~ was  
scored. This  is a t e m p e r a t u r e  a t  which  i t  is diff icult  to  
cul ture  Drosophila. The expe r imen t  was done twice, 2 
genera t ions  apar t ,  and  the  percen tages  t h a t  did no t  
emerge are given in Table  I. The da t a  in Table  I were 
t r ans fo rmed  using the  angular  t r ans fo rma t ion  to  avoid 
a corre la t ion b e t w e e n  the  raw percen tages  and  the i r  
variances.  The  corre la t ion coefficient  be tween- the  angular  
values for the  18 s t ra ins  in Table  I came to  0.690, which  
is s ignif icant ly  > 0 a t  P ~ 0.001 (17 degrees of freedom).  
Thus,  even  t hough  fewer flies emerged  in t he  f i rs t  t h a n  
in t he  second exper iment ,  the re  is a h igh degree of 
r epea tab i l i ty  b e t w e e n  exper imen t s  in spi te  of l imi ted  
data .  I t  is r e l evan t  t h a t  s t ra in  2 is ve ry  sensi t ive to  a 

Table I. Percentage of flies that did not emerge as adults when 
grown at 30.5~ 

Strain First Second 
experiment ~ experiment b 

1 92.5 32 
2 89.5 64 
3 53 12 

20 57.5 12 
21 48 28 
22 68 15 
23 88.5 28 
24 68.5 16 
25 64 17 
26 74.5 17 
27 72.5 33 
28 61.5 32 
29 54 7 
30 64.5 18 
31 86 37 
32 88.5 32 
33 77.5 30 
34 75.5 24 

Percentages based on 4 replicates of 50 larvae, b Percentages based 
on 4 replicates of 25 larvae. 
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