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Summary. The s tudy of the radiobiological and cytogenetic aspects of induced semi-steril i ty for applicat ion in the 
genetic control  of the onion fly Hylemya antiqua (Meigen) has been continued. Doses of 1.5 krad  of X-rays or 0.25 krad  
of fast neutrons were applied to males and 1.0 krad  of X-rays  or 0.25 krad  of fast neutrons to seven day-old  females. 
On the basis of semi-steri l i ty (between 60% and 30% egg hatch) in baekcrosses to normal flies, eleven strains were 
suspected of carrying a chromosomal rearrangement.  Seven had a reciprocal t ranslocat ion and two from a i .  5 krad X-ray  
t rea tment  showed complex rearrangements.  In  two strains no rearrangements were found. Two homozygous t rans-  
locations are described. Combining da ta  of earlier experiments with the new results we concluded tha t  the  i r radiat ion 
of males with low doses, 0.5 krad  of X-rays  or 0.25 krad  of fast neutrons, is suitable for the  induction of chromosomal 
rearrangements.  Strains carrying rearrangements  from such low dose t rea tments  will be further used for genetic 
control  experiments  on the onion fly. 

Introduction 

The i n d u c t i o n  of c h r o m o s o m a l  r e a r r a n g e m e n t s  for 
the  con t ro l  of the  onion fly,  Hylemya antiqua (Meigen), 
has  been  desc r ibed  b y  Wi inands-S t~ ib  and  van  
H e e m e r t  ( t914).  More d a t a  were  n e e d e d  a n d  are  
p r e s e n t e d  in th i s  r epor t .  W h e n  males  were i r r a d i a t e d  
w i th  1.0 k r a d  of X- r ays ,  th i s  dose a p p e a r e d  to  be 
su i t ab l e  for the  p r o d u c t i o n  of semi-s te r i le  t r ans loca -  
t ion  s tocks .  In  o rder  to  increase  the  y ie ld  of re-  
a r r a n g e m e n t s ,  th i s  t ime  a dose of 1.5 k r a d  of X - r a y s  
was dec ided  upon.  F e m a l e s  were t r e a t e d  w i th  t .0 k r a d  
of X - r a y s  when seven d a y s  o ld  i n s t e a d  of one d a y  old, 
because  the  l a t t e r  h a d  a v e r y  low f e c u n d i t y  a f t e r  
i r r a d i a t i o n  due to  d i s t u r b e d  ova r i an  d e v e l o p m e n t  
(Theunissen,  197t) .  F a s t  n e u t r o n s  were a d m i n i s t e r e d  
a t  a lower  dose (0.25 krad)  t h a n  p r e v i o u s l y  (1.0 k rad)  
to  b o t h  sexes in o rder  to  increase  p a r e n t a l  f e r t i l i ty .  

As desc r ibed  in the  p rev ious  pape r ,  se lec t ion  for 
s emi - s t e r i l i t y  was ca r r i ed  ou t  in t he  F 1 gene ra t i on  (see 
Mate r i a l s  and  Methods) .  Crosses w i th  an egg h a t c h  
m a i n l y  be tween  6 0 %  a n d  30% were used  for cy to log-  
ical  ana lys i s .  Th i s  c a t e g o r y  of semi-s te r i le  F 1 crosses 
will  be f u r t he r  n a m e d  suspected. I n  c o n t r a s t  to  the  
p rev ious  pape r ,  t h e  crosses  in wh ich  no  eggs were  
p r o d u c e d  a n d  the  crosses of which  no eggs h a t c h e d  
are  c a l l e d / a l l u r e s .  

In  general ,  c h r o m o s o m a l  r e a r r a n g e m e n t s  can  be 
found  in t he  whole  f e r t i l i t y  r ange  f rom 0 %  to  t 0 0 %  
(Searle et al., 1974). F e r t i l i t y  is p o s i t i v e l y  c o r r e l a t e d  
wi th  t he  pe rcen t age  of a l t e r n a t e  o r i en t a t i ons  of 
t r a n s l o c a t i o n  m u l t i v a l e n t s .  Ma in ly  s t r a in s  w i th  
a 6 0 % - - 3 0 %  egg h a t c h  were se lec ted  because  these  
can s t i l l  be  reare 'd e f f ic ien t ly  a n d  m a y  be  usefu l  for  
gene t ic  con t ro l  purposes .  

Va r i a t i ons  in f e r t i l i t y  h a d  been  found  in the  i r -  
r a d i a t e d  gene ra t i on  (Wijnands-St~ib  and  van  Hee-  
mer t ,  t974) a t  each  i r r a d i a t i o n  t r e a t m e n t .  We  
a s sumed  t h a t  the  v a r i a t i o n  in r a d i a t i o n  s e n s i t i v i t y  of 
the  m a t e r i a l  r e l a t e d  to  the  m e t h o d  of r ea r ing  m i g h t  
cause  a p a r t  of t h i s  va r i a t i on .  There fo re  the  same 
t r e a t m e n t  was g iven  to  males  f rom a con t inuous  
r e a r e d  s tock  w i t h o u t  i nduc ing  d i apause  and  to  males  
f rom an ear l ie r  gene ra t i on  which  h a d  been s to r ed  for 
severa l  m o n t h s  as p u p a e  in d i apause .  No dif ference in 
r a d i o s e n s i t i v i t y  was found  and  the  resu l t s  of b o t h  
g roups  are  the re fo re  combined  in t h i s  r epo r t .  

Materials and Methods 
In general the  same materials  and methods were used 

as described in Wijnands-Stgb and van Heemert  (t974). 
After initial  collection of larvae from the field, the  onion 
flies had  been reared for three to five generations in the 
labora tory  with inbreeding avoided. The male flies were 
i r radiated on the first day  of their  adul t  life. The female 
flies were i r radiated on the seventh day  after emergence. 
On the seventh day  the ovaries are full-grown and the 
females mate and subsequently oviposite quickly follow- 
ing mass mating. F 1 flies were individual ly  testcrossed 
in the first backcross (Bx). In  this paper,  as in the  previ- 
ous one, the  symbol  P is used for the  i r radia ted flies and 
their  untreated mates;  their  offspring is called F 1 and 
is backcrossed to untreated mates (B 1 cross) to yield the 
B 1 generation. The following backcross is called B z, etc. 
The fert i l i ty was determined by  measuring the percentage 
hatched eggs over the  to ta l  number of eggs deposited. 
This percentage is not  corrected for the reduction in 
fer t i l i ty  as measured from the control  crosses. 

For  scoring ha tchabi l i ty  and browning in B x and B~ 
crosses, the eggs were incubated for three days at  29 ~ 
and at  a high R.A.H. This permits  easy discrimination 
of brown eggs (late embryonic lethals) from the unfertiliz- 
ed and the hatched (empty) eggs (van Heemert,  t973). 
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Fig. 1. Photomicrographs of normal and translocatcd karyotypes of the onion fly (Hylemya ant~qua) 
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Fig. 2. Diagrammatic summary of B 1 data. The marked area 
covers the region between 60% and 30% E. H. suspected of 
carrying chromosomal rearrangements which are checked 

cytologically (compare table 1) 

The percentage of brown eggs versus empty eggs 
t ~  

( B @ E •  100) i s  used as another criterion for the selec- 
/ 

t ion of semi-sterile stocks. 
The offspring of semi-sterile B 1 crosses was preserved 

for further rearing and/or  cyLological analysis. If possible, 
five sons and five daughters were testcrossed individu- 
al ly in a second backcross (B2) to see if any sex-linkage 
is present.  The fert i l i ty in the control  was generally 
about  85% but  in a few cases a ra ther  low fer t i l i ty  was 
found. For  cytologic analysis testes were preferred, since, 
pr imari ly  because of meiotic pairing, the presence of a 
rearrangement  can be establ ished even when small seg- 
ments are exchanged or a symmetr ical  exchange is pre- 
sent. Larval  brains were also useful for cytology, al though 
difficulties in analysis may  arise when the exchanged 
segments are small and/or  similar in size. 

R e s u l t s  

A s u r v e y  of the  t r e a t m e n t s  a n d  mos t  f e r t i l i t y  
scores a n d  cy togene t i c  ana lyses  is g iven  in t ab l e  t .  
The  f e r t i l i t y  of the  i r r a d i a t e d  p a r e n t s  in crosses wi th  

a) Normal karyotype. Spermatogonial metaphase. 2n = 12 
+ B. The chromosome designations have been indicated beside 

the centromeres ; 

b) Fe 1. Translocation heterozygote 3/(-)-68(+). Larval 
brain cell. Mitotic metaphase; 

c) Fe4. Complex rearrangement 3/--6l--X. Mitotic meta- 
phase. Duplicated for a large segment of the long arm of 

chromosome 3 ; 

d) Ma 1. Translocation heterozygote 2/(-)--6s(+). Larval 
brain cell. Mitotic metaphase; 

e) Ma 1. Translocation homozygote. Spermatogonial meta- 
phase ; 

f) Ma 7. Translocation heterozygote 2/(-)--6s(§ Spermato- 
gonial metaphase; 

g) Ma 7- Translocation heterozygote 2l(-)--6s(§ Diakinesis] 
Prometaphase c~. Crossfigure ; 

h) Ma 7. Translocation homozygote. Larval brain cell. Mito- 
tic metaphase. 

The arrows indicate the translocated chromosome arms 

n o r m a l  ma tes ,  expres sed  as pe rcen tage  of egg ha t ch ,  
is r a t h e r  low ( 4 % - - t  5 %). S t ra ins  suspec ted  of c a r ry -  
ing a ch romosoma l  r e a r r a n g e m e n t  ( 6 0 % - - 3 0 %  E .H . )  
are  l i s t ed  wi th  the  pe rcen t age  of egg h a t c h  a n d  the  
pe rcen tage  of b rown  eggs ( late e m b r y o n i c  l e t h a l @  
In  a con t ro l  cross, t he  pe rcen t age  of b r o w n  eggs is  
u sua l l y  be low 10 %. Semi - s t e r i l i t y  in t he  B 1 and  the  
B 2 is c o r r e l a t e d  m o s t l y  wi th  a pe rcen t age  of b r o w n  
eggs of 2 0 % - - 6 0 % .  The  f r equency  of r e a r r a n g e m e n t s  
found  in a p a r t i c u l a r  s tock  is g iven  as the  n u m b e r  of 
i nd iv idua l s  w i th  the  r e a r r a n g e m e n t  d i v i d e d  b y  the  
t o t a l  n u m b e r  ana lyzed .  A sho r t  indicat ioI1 of t h e  
k ind  of r e a r r e n g e m e n t  is g iven in  the  t ab le .  

E l even  s t ra ins  suspec ted  of h a v i n g  a r e a r r a n g e m e n t  
were a n a l y z e d  cy to log ica l ly  for t he  presence of chro-  
m o s o m a l  r e a r r a n g e m e n t s  and  in  n ine  of these  a re-  
a r r a n g e m e n t  was found.  F i v e  F 1 s tocks  which  were 
suspec ted  were los t  du r ing  the  rear ing ,  before  c y t o -  
logic ana lys i s  could  be ca r r i ed  out .  F ig .  I a shows the  
n o r m a l  k a r y o t y p e .  I n  t he  p r o g e n y  of b a c k c r o s s e d  
flies f rom the  Fe  I s tock,  a r ec ip roca l  t r a n s l o c a t i o n  
was found  be tween  ch romosomes  3 and  6 in m i t o t i c  
as well  as meio t i c  s tages .  The  long a r m  of ch romo-  
some 3 h a d  become sho r t e r  a n d  the  sho r t  a r m  of 
ch romosome  6 h a d  ga ined  in l e ng th :  32(-)--6 ~(+>. 
Fig.  t b shows a m i t o t i c  m e t a p h a s e  in a l a r v a l  b r a i n  
cell  of a h e t e r o z y g o t e  for th i s  t r ans loca t i on .  A m o n g  
l a rvae  f rom B 2 crosses of Fe  2, in one case out  of s ix 
a r e a r r a n g e m e n t  be tw e e n  32C-I and  6 z(+l was found ;  
t he  o the r  f ive a p p e a r e d  to  be normal .  Complex  re-  
a r r a n g e m e n t s  were f o u n d  in t he  offsl)ring of Fe  3 a n d  
Fe  4. Three  pa i r s  of ch romosomes  were i n v o l v e d  
(Fe 4 see fig. I c) and  even  t r i s o m y  for ch romosome  3 
could  somet imes  be obse rved  in a few la rvae .  One 
rec ip roca l  t r a n s l o c a t i o n  was found  in t he  p r o g e n y  
of B~ crosses (Ma 4). Tes tes  p r e p a r a t i o n s  showed  
t h a t  t he  i n t e r c h a n g e d  segmen t s  of th i s  t r a n s l o c a t i o n  
(4 z - 6  :) were of equa l  length .  Af t e r  i r r a d i a t i n g  seven 
d a y  old females  wi th  X - r a ys ,  one t r a n s l o c a t i o n  was 
found  (Ma 1) be tween  ch romosomes  2 and  6 :22C- I  
--68(+), fig. t d. Th is  is the  f i rs t  c lear  case in which  
we have  o b t a i n e d  a t r a n s l o c a t i o n  in t he  p r o g e n y  of 
an  i r r a d i a t e d  female .  Two d i f fe ren t  t r ans loea t i ons ,  
Ma 10 and  Ma I t ,  were found  in t he  B 1 cross  p r o g e n y  
of a male  i r r a d i a t e d  wi th  fas t  neu t rons ,  0.25 k rad .  
A l t h o u g h  on ly  two t es tes  p r e p a r a t i o n s  could  be 
ana lyzed ,  we were able  to  e s t ab l i sh  t h a t  the  ch romo-  
some a rms  32 a n d  62 are  i n v o l v e d  in Ma 11. I n  two 
B~ crosses also of males  t r e a t e d  w i th  fas t  n e u t r o n s  
(0.25 krad) ,  on ly  for Ma 7 was  a r e a r r a n g e m e n t  
(2z~-)--68(+)) found  (figs. t f and  I g) in the  t e s tes  of 
the  male  p rogeny .  D a t a  on s ibcrosses  invo lv ing  
t r ans loca t i ons  Ma I and  Ma 7 will  be d iscussed  
below. No i n d i v i d u a l s  suspec t ed  of h a v i n g  a re-  
a r r a n g e m e n t  were found  in t he  p roge ny  of females  
i r r a d i a t e d  w i th  fas t  n e u t r o n s  (Table  t ) .  

In  fig. 2 we have  p r e s e n t e d  the  d a t a  in a s l i gh t ly  
d i f fe ren t  way ,  as p r e sen t ed  in fig. t of the  p rev ious  
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Table t. 

C. van Heemert and K. J. A. Wijnands-St~tb: Radiation Induced Semi-Sterility in Hylemya antiqua 

The effect of different radiations on the onion f ly  in terms of fertility and structural mutations in the B 1 and B v 
Only the strains which are analyzed cytologically are mentioned 

P generation B 1 cross ]3 3 cross 

Dose in k r a d  sex E.H. tested on tested cytologically tested cytologically Structural 
mutations* 

fertility 13x code sex E . H . B . E .  B 2 code sex E.H. 13. E. 

Comments 

t .5X-rays  ~ 4 33 

t.0 X-rays ~ 15 24 

0.25 fast ~ t0 25 
n(~u t rons  

0.25 fast ~ 8 
neutrons 

control 85 

12 

{ ]33 a ct 47 49 3/6 } 
Fe I ~ 3t 43 ]32 b ~ 49 42 3/6 31(-) -- 6a+) 

]32 c ~ 57 31 3/6 
Fe 2 c~ 25 60 B 2 ~ 32 t 5 1/6 3t(-) -- 6l(+) 
Fe 3 9 54 20 -- 15/23 three pairs 

in complex 
Fe 4 ~ 30 67 -- 6/8 chrom. 3,6 

and X or Y 
in complex 

B a 9 31 53 1/1 } 
B 2 b ~ 35 37 0/3 4 l_  6t 

Ma 4 ~ 44 47 ]32 c 6 74 15 1/6 
]32 d c? 26 6t 2/3 

Ma 5 ~ 63 7 ]32 ~ 27 55 0/1 
Ma I c~ 57 18 -- 2/6 2t(-) -- 6s(+) 

{ B2a 9 65 26 4/12} 2z(_)_ 6s(+ ) 
Ma 7 ~ 38 43 B 2 b ~ 37 38 0/3 
Ma 8 ? 39 53 132 r 51 50 0/9 
Ma 10 c~ 58 18 -- l / l  recipr, transl. 
Ma t t  c~ 34 47 .-  2/2 3t--61 

E. H. % egg hatch 
13. E. % brown eggs t sib strains 
* ratios are numbers of individuals with rearrangements divided by total number of individuals from each stock, which 

were checked cytologically (in B 1 and/or B2) 

paper.  As ment ioned  above, only  the 131 crosses in 
which no eggs or no ha tch ing  eggs were scored were 
considered as failures. The s ter i l i ty  area most  re levant  
for genetic control  with t rans locat ion stocks (600/0 - 
30%) is indicated.  The range of percentages  of egg 
ha t ch  in the 131 crosses with p rogeny  is shown for the  
various t r ea tmen t s  (table t). The rea r rangements  
which were found are marked  in the figure. As seen 
in fig. 2, the fer t i l i ty  of the B 1 crosses af ter  the 1.5 
k rad  X - r a y  t r ea tmen t s  of males has values main ly  in 
the middle of the scale between 60 % and 30 %. Strains 
in this fert i l i ty range almost  all had  s t ruc tura l  re- 
a r rangements .  One strain with a t rans locat ion  iso- 
la ted after  this t r ea tmen t  (Fe 2) was found  outside 
the 6 0 % - - 3 0 %  suspected area. I n  the  case of males 
t rea ted  with 0.25 krad  of fast neutrons,  the 131 fer t i l i ty  
scores are spread over the whole scale. I n  the p rogeny  
of the suspected B 1 crosses, chromosomal  rearrange-  
ments  were seen in three cases. I r rad ia t ion  of fe- 
males (X-rays or fast neutrons)  resul ted in 131 crosses 
showing a r a the r  high ferti l i ty.  In  one case after  1.0 
krad  of X- rays  on females, a 131 cross with 57% egg 
ha tch  had  a t rans locat ion  (Ma t). There  is about  
equal  d is t r ibut ion of the rea r rangements  over the F 1 
males and females. Five of the 55 backcrossed F1 males 
(9%) and four of the 39 F1 females (10%) had a 
chromosomal  rear rangement .  

Discussion 
In  table 2 the most  re levant  d a t a  of the repor ted  

exper iments  are combined with comparable  da ta  
published previously  (Wijnands-St/ib and van  Hee- 
inert, 1974). Al though sample size per t r ea tmen t  is 
re la t ively small, a few comments  can be made.  At a 
dose of 1.5 krad of X- rays  (on males) 34% of the B 1 
crosses produced p rogeny  and m a n y  were failures 
(66%). Abou t  half of these fell in the fert i l i ty range 
of 60 % - -  30 % and general ly carried a chromosomal  re- 
ar rangement .  At  doses of t .0  (and 1.t) krad  of X- rays  
(on males) the percentage of reproduct ive  F 1 flies was 
considerably higher (70%). Only t w e n t y  percent  of 
these are suspected and again in mos t  of those ana- 
lyzed s t ruc tura l  muta t ions  were present.  At  0.5 krad 
of X- rays  (on males) 72% of the B 1 crosses produced 
progeny.  Al though the picture has changed in fa- 
vour  of the class with a normal  fert i l i ty ( ~  75% E. 
H.), still t 9 %  are suspected.  

In  general it can be s ta ted  t h a t  for the i r radiat ion 
of males with X- rays  a decrease in dose will consider- 
ably  enlarge the percentage of t31 crosses with a nor-  
mal  fertility, while the percentage of suspected crosses 
decreases. The high percentage of 47 after  t.5 krad 
X- rays  m a y  look acceptable,  bu t  gives more compli-  
ca ted  rear rangements  and m a n y  other  deleterious 
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Table 2. Combined results from irradiation experiments and cytogenetic analysis, as published by Wijnands-Stiib and van 
Heemert, 1974 (I),  and from experiments decribed in this report ( I I )  

P generation B1 cross 

radiation report total number and 60% Cytogenetic Failures 
sex number percent with -- 30% analysis*** 

dose (krad) type tested progeny E.H. 

n ~o n %** n rearr, n %* 

t. S X-rays a I + II  50 17 34 8 47 5 4 33 66 
1.1 and 1.0 X-rays c~ I 56 39 70 8 20 6 (4-)5 17 30 
0.5 X-rays c~ I 43 31 72 6 19 2 (t-)2 12 28 
1.0 fast neutrons C2 I 13 9 69 2 22 1 t 4 31 
0.25 fast neutrons C2 II  25 14 56 5 36 4 3 11 44 
t.0 X-rays ~? I day old I 43 t6 37 5 31 4 0 27 63 
1.0 X-rays ~ 7 days old II  24 17 71 1 6 1 1 7 29 

* Of total number tested in I~ 1 c r o s s  
** Of the number with progeny 

*** Cytogenetic analysis of the 6 0 % -  30% E. H. category 

effects. The high percentage of failures compared 
with all other treatments points in the same direction. 

The data on the fast neutron treatments of males 
with a dose of f.0 krad resemble most those of the t.0 
(and t .f)  krad X-ray t reatment  of males. The treat- 
ment of males with 0.25 krad of fast neutrons seems 
to give even more strains which carry chromosomal 
rearrangements. 

Comparing the results of B 1 crosses for the treat- 
ment with 1.0 krad of X-rays of females on the first 
day after emergence (Wijnands-St~ib and van Hee- 
mert, t974) with the same treatment  of females on 
the seventh day of their adult life, a large difference 
can be noticed. Young females apparently are very 
sensitive to the induction of mutations. Although 
many failures (63 %) were observed, the percentage 
of suspected strains was not low (3/%). However, 
the cytological analysis of four strains was negative. 
For the treated seven day-old females, a much lower 
percentage (29%) of failures was scored, but a very 
low percentage (6%) of suspected B 1 crosses was 
found. Only one translocation could be traced in this 
case (Ma 1, fig. td). The egg production of the P fe- 
males irradiated on the seventh day after emergence 
was essentially better than that  of females irradiated 
on the first day. Nevertheless egg production was 
reduced to about 1/5 of the normal production of a 
control series. After ten days oviposition ceases, 
while normally it may  go on for a month. 

We have used unirradiated flies from the control 
stock as if they were irradiated. They were mated in 
small groups as was usual in the B1 crossings. At the 
start  of oviposition the females were separated. 
Rather a lot of these control crosses were failures. Their 
egg hatches were predominantly between 100% and 
75 %. A few strains revealed semi-sterility, even ac- 
companied by about 25 % of brown eggs. However 
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no chromosomal rearrangement could be found. This 
fact must be taken into account in the interpretation 
of all egg hatch data. Onion flies mass mated in larger 
numbers and not separated before oviposition score a 
much better average egg hatch of about 85 %. No 
sex-linkage was found for the semi-sterile strains. 

We wish to emphasize that  the output  of strains 
with a structural mutation is a minimum score. In 
the first place only a small sample of the produced F 1 
is backcrossed to measure fertility. Secondly, for 
several reasons carriers of a structural mutat ion can 
be lost. For instance, rearrangements are scored in 
B 1 crosses with severely reduced fertility and/or a 
high percentage of late embryonic lethals. Because 
of rearing difficulties at the larval stage some sus- 
pected strains were lost. As can be seen in table t, 
some samples for cytological analysis were rather 
small (e.g. Ma 5). As is expected in the case of a 
translocation carrier, half of the larval offspring will 
be normal and half will have the translocation. For 
statistical reasons rearrangements may go undetected, 
although in general at least 6 individuals were taken 
for analysis wherever possible to obtain about 98% 
probability of finding at least one translocation car- 
rier. In addition we may have overlooked transloca- 
tions with a very small or symmetrical exchange. 

With translocations Ma 1 and Ma 7 (both between 
2 * and 6 s) we have started a sibcross programme to 
isolate homozygous flies. These two translocations 
are very similar in the segments exchanged. We have 
obtained a few homozygous translocation flies in the 
adult stage (fig. le) in the M a t  stock, but only in the 
larval stage in Ma 7 (fig. th). The fertility of both is 
quite high in backcrosses and consequently the ferti- 
lity of a T / +  • T / +  cross is still high enough to 
obtain sufficient offspring for the isolation of trans- 
location of homozygotes. The work on the isolation 
of M a t  and Ma 7 will be continued. 
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I t  is striking that, as in Ma 1 and Ma 7, in nearly 
all rearrangements we have found the largest chro- 
mosome (6) is involved. Both arms of this chromo- 
some are involved equally frequently. The long arm 
of chromosome 3 is involved quite often as well. As 
we have found before (Wiinands-St~b and van Hee- 
inert, t974), the length of the chromosome (-arms) 
probably plays a role in the chance of becoming in- 
volved in a rearrangement. 

Finally, we can conclude that  for the induction and 
isolation of semi-sterile strains carrying a chromo- 
somal rearrangement, males are more suitable than 
females. A dose of t.5 krad of X-rays on males seems 
to induce too much genetic damage to obtain fully 
viable semi-sterile strains and there is a good chance 
of getting rearrangements which give too many com- 
plications (Searle et al., 1974) to be used for genetic 
control purposes. The large class of failures (66%) 
in B 1 crosses probably contains many sublethal mu- 
tations. At a dose of t.0 (and t . t)  krad of X-rays, a 
much lower percentage (30%) of failures and a rela- 
tively high number of rearrangements was found. The 
results of 0.5 krad of X-rays on males seem similar to 
those following irradiation with 1.0 (and 1.t) krad. 
Nevertheless, we believe that  a dose of 0.5 krad must 
be advised, because it can be assumed that  the semi- 
sterile strains obtained have less genetic damage from 
the irradiation (Robinson and van Heemert, t 975). 

For the s tudy of the performance of semi-sterile 
strains a translocation which can be simply recognized 
cytologically is important, to monitor the frequency 
of the translocation in cage experiments. For appli- 
cation in genetic control programmes we hope that  
strains with low fertility of the translocation hetero- 
zygote, but normal competitiveness, can be obtained 
and isolated as the homozygote. One or more translo- 

cation stocks will then be released, singly or in com- 
bination, to establish the effect on the natural popu- 
lation. Since single translocations can only be made 
homozygous if the sterility is not too high ( ~  40%), 
combinations of two or more stocks, each with mo- 
derate sterility, should be used to reach a sufficient 
sterility for genetic control. 
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