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As is shown  b y  t he  cytological  e x a m i n a t i o n  of t he  par-  
thenogenes i s  of t h e  diploid  Artemis salina,, t h e  develop-  
m e n t  s t a r t s  w i t h  i r regula r  meiosis,  i n  t h a t  in i t i a l ly  2 
meiot ic  d ivis ions  t a k e  place a n d  t h e n  follows t he  fus ion of 
t he  p ronuc leus  a n d  t h e  po locy te  18. T h e r e b y  a diploid 
nucleus  is p roduced  wh ich  s t a r t s  t he  c leavage  divis ions  as 
usual  and  t he  d e v e l o p m e n t  leads to  a pure  diploidy.  These  
resul t s  could be  ver i f ied  t h r o u g h  t he  D N A  measu remen t s ,  
because  m o s t  of t h e  nuclei  possess t h e  D N A  c o n t e n t  of 2c 
whi le  D N A  classes of c and  3c are  absen t .  Because  in t h e  
t e t r ap lo id  f o r m t h e  m a x i m a  of e x t i n c t i o n  are  sh i f ted  to-  
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Fig, 4. Frequency distribution of DNA in the ceils of the optical 
ganglia of Artemis salina parthenogenetica 2n. The DNA extinction 
mean is 0.78 4- 0.12 (arbitrary units). 

wards  2c, a n d  t he  compos i t ion  of the  cell m a t e r i a l  is 
s imi la r  to  t h a t  of t he  diploid type,  i t  can  be  conc luded  t h a t  
in  t h e  ob l iga to ry  pa r t henogenes i s  of d ip lo id  a n d  t e t r a -  
ploid Artemis only  one t y p e  of fus ion of t h e  d e s c e n d a n t s  
of t h e  meiosis  is p r e sen t  and  a mosaic  of haploid ,  d iploid  
and  po lyplo id  cells is no t  es tabl i shed.  I n  addi t ion ,  t h e  
t r a n s i t i o n  p a r t h e n o g e n e t i c  2n to  p a r t h e n o g e n e t i c  4n  is in  
a g r e e m e n t  w i t h  t he  r e l a t i on  1 : 2 in t he  D N A  con ten t .  

Zusammen]assung. D N S - M e s s u n g e n  a n  I n t e r p h a s e -  
k e r n e n  yon  Artemis salina parthenogenetica 2n u n d  Arte- 
mis  salina an/igonica zeigen ein Mengenve rh~ l tn i s  yon  
1.2: 1, w g h r e n d  zwischen Artemis salina parthenogenetica 
,in u n d  Artemis salina anfigonica D N S  W e r t e  im Ver-  
h/~ltnis 2 :1  ge funden  wurden .  

E.  JosT 7 a n d  M. MAMELI 

Institut /i~r Genetik, Mainz  (Germany), and 
Istituto di Genetics, Cagliari (Italy), 
26 January 7970. 

6 t~. STEFANI, Riv. Biol. 53, 463 (1960). 
7 Present address: Max-Planck-Institut ffir Molekulare Genetik, 

Ebrenbergstrasse 26-28, D-1 Berlin 32 (Germany). 

T h a l i d o m i d e  as  a M u t a g e n i c  A g e n t  in the  M o s q u i t o  (Culex pipiens molestus) 
D u r i n g  t h e  p a s t  decade  severa l  a t t e m p t s  h a v e  been  

m a d e  to de t ec t  r ad ia t ion - induced ,  as well as s p o n t a n e o u s l y  
occurr ing,  m u t a t i o n s  in  mosqu i toes :  t he  p ioneer  exper i -  
m e n t s  of LAVEN 1 a n d  I~ITZMILLER 2, w i t h  X - r a y  induced  
m u t a t i o n s  in  Culex, h a v e  p l a y e d  a useful  p a r t  in t h e  
recogn i t ion  of p h e n o t y p i c  express ion  of ce r t a in  m u t a n t s  
in mosqui toes .  Never the less ,  t he  app l i ca t ion  of i nb reed ing  
t echn iques  of CRAIG a a n d  VANDEHEY 4'5, b y  s ingle-pai r  
m a t i n g s  for  m u t a n t  i so la t ion  a n d  o the r  t ypes  of genet ic  
research,  imp ly  t h a t  t h e r e  are, perhaps ,  no  p r o v e d  cases 
of r a d i a t i o n - i n d u c e d  m u t a t i o n s ,  a t  l eas t  in  A edes aegypti, 
a l t h o u g h  a few such  s t r a in s  h a v e  b e e n  p roduced  b y  
i r r ad i a t i on  techniques. .  

I n  v iew of p rev ious  f ind ings  r e l a t ed  to  t h e  c h r o m o s o m e  
in jur ies  p roduced  b y  t h a l i d o m i d e  ( e -ph tha l imidog lu t a r i -  
mide)  6,7, i t  b e c a m e  of i n t e r e s t  to  t e s t  w h e t h e r  i t  could  
induce  ge rmina l  m u t a t i o n s  in  Culex. T h e  p r e s en t  com- 
m u n i c a t i o n  p r e sen t s  p a r t  of t h e  resu l t s  of m u t a g e n e t i c  
s tud ies  w i t h  Culex, where  t h a l i d o m i d e  ha s  been  used in 
t he  p r o d u c t i o n  of d o m i n a n t  l e tha l  m u t a t i o n s ,  semi le tha l s  
as well  as i n d u c t i o n  of some p h e n o t y p i c  anomal ies ,  t he  
occurrence  of wh ich  in r epea t ed  e x p e r i m e n t s  ha s  led to  
t he  p r e s u m p t i o n  t h a t  t he  chemica l  m i g h t  be  useful  in  
f u t u r e  mu tagenes i s  s tudies  a n d  a possible  m e a n s  of induc-  
ing l e tha l  genes in  t i le  c o n t r o l o f  mosqui toes .  

Materials and methods. Egg- ra f t s  of Culex pipiens 
molestus f rom our  au togenous  l a b o r a t o r y  stock,  were  col- 
lec ted  r a n d o m l y .  T he  l a rvae  f rom each  egg-raf t  were 
rea red  in s epa ra t e  ename l  wash-bas ins .  H a l f  of t he  l a rvae  
f rom each  b a s i n  were chosen  for  t e s t s  and  t i le  o the r  ha l f  
r ea red  as controls .  T h e  n e w l y  emerged  a d u l t  males ,  
wh ich  were fed on  t h e  d rug  a t  p r e p u p a l  stage,  were 
s t a r v e d  in  a less h u m i d  a t m o s p h e r e  for a t  leas t  24 h a n d  
f u r t h e r  fed on  t h e  d rug  m i x e d  w i t h  10% sugar  for 72 h. 
T h e y  were t h e n  crossed w i t h  n o r m a l  v i rg in  females  f rom 
the  same  egg-raft ,  wh ich  were segrega ted  accord ing  to  

size (female p u p a e  la rger  t h a n  ma le  pupae) .  E a c h  egg- 
r a f t  o b t a i n e d  f rom a p a r e n t a l  pa i r  (P) was s epa ra t ed  a nd  
t he  F 1 adu l t s  wh ich  emerged  were m a t e d  a m o n g  t h e m -  
selves. T h e  F 2 r a f t s  were isola ted a n d  adu l t s  e x a m i n e d  for  
a n y  p h e n o t y p i c  dev ia t ions  f rom the  normal .  Fo r  each  
e x p e r i m e n t  5 l ines were m a i n t a i n e d ,  wh ich  were rea red  
up  to  F 3 genera t ion .  A t  F~ only  5 r a f t s  f rom each  l ine 
were t e s t ed  for possible  p h e n o t y p i c  changes .  The  resu l t s  
are  d e m o n s t r a t e d  in T a b l e  I. The  v a r i a n t  p h e n o t y p e s  in 
t h e  F 1, F2 a n d  F 3 gene ra t ions  were scored as genet ic  
m u t a n t s  if t h e y  were  s imi la r  in  a p p e a r a n c e  to t he  pre-  
v ious ly  es tab l i shed  m u t a n t s .  To be  ce r t a in  t h a t  t h e y  were 
n o t  phenocopies ,  w h e n e v e r  possible  t h e y  were t e s t ed  for 
he r i t i b i l i t y  b y  s ib -ma t ings  for s u b s e q u e n t  genera t ions .  

I n  t he  F~ gene ra t i on  of t he  t r e a t e d  group,  phellO- 
typ ica l ly  female  mosqu i toes  w i t h  pa r t i a l l y  t r a n s f o r m e d  
male  appendages ,  t o g e t h e r  w i t h  g y n a n d r o m o r p h s  (sex 
mosaics),  also mosa ics  w i t h  morpholog ica l  t r a i t s  n o t  re- 
l a t ed  to  sex such  as ( K u f / + )  were  o b t a i n e d  in h i g h  fre- 
quencies,  w h i c h  is in  a g r e e m e n t  w i t h  t h e  resul t s  o b t a i n e d  
w i t h  chemica l  m u t a g e n s  as d e m o n s t r a t e d  b y  AUERBACH 8. 

The  occur rence  of fused (fu) w i t h  k n o b b e d  p ro t ru s ions  
on a n t e n n a l  segments  a n d  (SpW) in h i g h  f requencies  of 
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di f fe ren t  series of e x p e r i m e n t s  r epea t ed  w i t h  t ha l i domide ,  
is a p r o b a b l e  i nd i ca t i on  of an  a p p a r e n t  d i rec t iona l  t en-  
dency  of these  m u t a t i o n s .  The  r e p r o d u c t i o n  of some of t h e  
m u t a n t s  b y  tha l idomide ,  s imi la r  to  those  p roduced  b y  
o t h e r  inves t iga to rs ,  w h e n  X - r a y  h a d  been  used as t h e  
m u t a g e n i c  a g e n t  1, ~, 9, is a n  ev idence  for t he  r a d i o m i m e t i c  

p r o p e r t y  of t h e  chemical .  F u r t h e r m o r e ,  t h e  d i s t u r b a n c e s  
in  t h e  n o r m a l  sex r a t i o  of t h e  progenies  of t h e  t r e a t e d  
groups,  also semis te r i l i ty  a n d  n o n - v i a b i l i t y  obse rved  in 
t h e  sex d i s t o r t ed  fanfilies, led us to  a s sume  t h a t  t h e y  
were caused  b y  t r ans loca t ions ,  as r epo r t ed  r ecen t l y  b y  
LAV~N 10 on  t h e  p r o b a b l e  effect  of t r ans loca t i ons  in  t h e  
d i s to r t ion  of t h e  n o r m a l  sex ra t io  in  Culex. A l t h o u g h  i t  
would  be  p r e m a t u r e  to  conc lude  on  d i rec t  r e l a t i onsh ip  of 
sex d i s to r t i on  w i t h  t r an s l o ca t i o n s  in  Culex, a n o m a l o u s  
c h r o m o s o m a l  assoc ia t ions  were  de t ec t ed  in t h e  r ep roduc-  
t ive  cells of t h e  t r e a t e d  groups,  p r e p a r e d  b y  t h e  usual  
s t a in ing  m e t h o d s  as well  as t h e  m e t h o d  descr ibed  pre-  
v ious ly  11. A de ta i l ed  s t u d y  of t h e  cyto logica l  f ind ings  will  
be  r epo r t ed  elsewhere.  

To d e t e r m i n e  d o m i n a n t  l e tha l  m u t a t i o n s  i n d u ced  b y  
tha l i domide ,  a t  F 1 on  t h e  mosqu i toes  of t h e  same  stock,  
t h e  a d u l t  males  were t r e a t e d  b y  feeding for  a b o u t  72 h 
before  be ing  crossed w i t h  n o r m a l  v i rg in  females  f rom the  
same  raf t .  T h e  eggs o b t a i n e d  a t  F 1 were  t e s t ed  for h a t c h -  
abi l i ty ,  e m b r y o n a t i o n ,  etc. as shown  in Tab le  I I .  

Since t h a l i d o m i d e  is spa r ing ly  soluble  in  water ,  a sus- 
pens ion  of excess chemica l  in  w a t e r  ( s a t u r a t e d  solut ion)  
was  used. Due  to  t h e  fac t  t h a t  t h a l i d o m i d e  reac t s  w i t h  
water ,  u n d e r g o i n g  hydro lys i s ,  a n d  is equa l ly  c o n v e r t e d  
to i ts  me t ab o l i t e s  a t  p H  7 a n d  37~ in 24 h 1~, f resh ly  
p r e p a r e d  suspens ions  were  used  a t  12 h i n t e rva l s  for all 
t r e a t m e n t s .  The  con t ro l  a n d  t h e  t r e a t e d  l a rvae  were  fed 

Fig. 1. A semisterile female mutant (patch-winged) (pW), with ex- 
tremely reduced wing patches, without halters, usually with asym- 
metric legs. 

Fig. 3. Morphologically female, with left male antenna. The left 
palpus 5-jointed (5-j). 

Fig. 2. Male antenna with fused (fu) and compressed antennal 
segments and a knobbed protrusion at distal end of the antenna. 

9 R. PAL and B. S. t(RISHNAMURTHY, Nature 184, 658 (1959). 
io H. LAVE•, Nature 227, 958 (1969). 
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and K. Sc~II) ,  Biol. Council Symp. on Embryopathic Activity of 
Drugs (Eds. J. M. RossoN, F. SULLIVAN and R. L. SMITH; 
Churchill Ltd., London 1965), p. 210. 

Fig. 4. Female head with dumbbell-shaped palpi (db) and with only 
one antenna. 
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Table I. Description of the morphological anomalies, numerical data and other cllaracteristies related to the effect of thalidomide in Culex 
Pipiens molestus 

Symbol for No. of F 1 No. of No. of adults No. of F 2 rafts No. of F 2 No. and description of No. of proven 
parental larvae and semilethal recovered in F 1 adults abnormalities in F 2 and mutants per- 
pairs (P) �9 pupae died up adults re- Male Female Obtained Examined Examined F~ mosquito 

to emergence covered in Fib 

A 1 10 2 53 9 8 8 212 fu, 69; SpW, lc~; kuf, gyn, 3 

A 2 12 2 72 1 No rafts recovered - 
A 3 9 6 24 20 8 7 492 Iu, 39, 2c~; SpW, 29; wa, 1(~; 

5j, 29 
A 4 4 2 59 2 2 2 72 fu, 15; fu, with knobbed 

protrusions, 2~, 19 
A 5 6 3 52 4 4 3 169 fu, 1~; fu, 29 ; hg, 1~ ; 

zwi, 1; min, 49 
C 1 3 - 26 39 12 8 295 ba, 1; Ant, lc~ 
C 2 1 - 36 41 10 9 499 pfl, 19; Wa, 1~ 

C a - - 34 37 10 10 571 ba, 19; Rap, lc~ 
C A 4 - 49 38 9 9 396 - 
C 5 7 - 31 35 13 12 623 Rap, lc~; Ant, 1~ 

2.1/mosquito 

0.4/mosquito 

A, adult males treated 24 h after emergence; C, controls, b (pW), patch winged, adult females with extremely reduced black wings with 
shallow and occasionally asymmetric legs and without halters (Figure 1). The designated mutants underlined have been tested for heritability. 
The semilethals and lethals observed in F 1 generations also anomalies observed in the larval or pupal stage were not counted in the final 
analysis of mutants per mosquito. 

Table II. Comparative study of dominant lethal mutations induced in F 1 egg rafts of the treated parental males (P) with the controls 

No. of eggs No. of eggs ~o Dominant No. of eggs % Unfertilized No. of eggs % Hatchability 
examined embryonated, lethality unfertilized eggs hatched 

unhatched 

Test 4196 937 22.33 503 11.98 2756 65.72 
Control 6700 308 4.59 167 2.49 6225 92.91 

o n  ' B e m a x '  cereal  w i t h  y e a s t  a n d  ' B e m a x '  w i t h  y e a s t  in 
t h e  s u s p e n s i o n  of t h e  chemica l ,  r e spec t ive ly .  T h e  c o n t r o l  
a n d  t h e  t r e a t e d  a d u l t s  we re  fed on  10% s u g a r  a n d  10~o 
s u g a r  w i t h  chemica l ,  r e spec t ive ly .  T h e  a d u l t s  we re  m a i n -  
t a i n e d  in t h e  l a b o r a t o r y  t e m p e r a t u r e  of 27 :~ 2~ a n d  
80% re l a t i ve  h u m i d i t y .  

A t  m o l e c u l a r  level,  c e r t a i n  chemica l  r e a c t i o n s  are  re- 
s p o n s i b l e  for  t h e  p r o d u c t i o n  of m u t a n t  genes.  I t  h a s  b e e n  
s h o w n  t h a t  e m b r y o t o x i c  a n d  t e r a t o g e n i c  p r o p e r t i e s  of  
t h a l i d o m i d e  a re  d e t e r m i n e d  b y  t h e  p h t h a l i m i d e  m o e i t y  of 
t he  molecu le  1~. Also t h e  ev idence  in f a v o u r  of t h e  c o n c e p t  
of  d i rec t  b i n d i n g  effect  of t h a l i d o m i d e  t h r o u g h  a c y l a t i o n  
m e c h a n i s m  w i t h  D N A ,  R N A ,  h is tor ies  a n d  p h o s p h o -  
l ip ids  1~,~5, s u g g e s t s  t h a t  i t  is p e r h a p s  all a c y l a t i n g  r ad io -  
m i m e t i c  m u t a g e n i c  agen t .  

Fig. 5. Morphologically female, with left male antenna, right female 
antenna and right palpus 5-jointed (5-j). 

13 H. SCHUMACHER, D. A. BLAKE and J. R. GILLETTE, Fedn. Proc. 
26, 730 (1967). 

14 H. SCHUMACHER, D. A. BLAKE and J. R. GILLETTE, J. Pharmae. 
exp. Ther. 160, 201 (1968). 

15 C. LIJTWAK-Mann, K. SCHMID and H. I{EBERLE, Nature 214, 1018 
(1967). 
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Results. I t  could be concluded t h a t  t he  occurrence  in 
higher  f requencies  of some of p roved  m u t a n t s  in t he  
t r e a t ed  groups (2.1 per  mosqui to)  in compar i son  wi th  t he  
controls  (0.4 per  mosqui to ) ;  the  d i s to r t ion  in t he  normal  
sex ra t io ;  the  revers ion in the  no rma l  ha t ch ing  sequence;  
the  h igher  f requency  of d o m i n a n t  le thal  m u t a t i o n s ;  t he  
le thals  and  semile thals  ob ta ined  in t he  F1 genera t ion  of 
the  t r e a t ed  pa ren ta l  progenies ;  also the  mosaic  pheno-  
t ypes  w i th  gross morphologica l  aber ra t ions  induced  in 
head  appendages ,  p roved  to  be the  mos t  i m p o r t a n t  
cri ter ia  for t he  mu tagen i c i t y  of tha l idomide  in Culex 1~. 

Zusammenfassung. Nach  Behand lung  von  M~tnnchen 
yon  Culex pipiens molestus mi t  Tal idomid  k o n n t e n  im Ver-  
gleich zur Kont ro l le  hGhere R a t e n  an ph i ino typ i schen  
Anomal ien ,  Le t a lmu ta t ionen ,  Semi l e t a lmu ta t ionen  und  

einige gepri i f te  Muta t ionen  in der  FI-, F 2- und  Fa-Nach- 
k o m m e n s c h a f t  nachgewiesen  werden.  
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An Attempt to Induce Crossing-Over in Males 

Crossing-over occurs wi th  a ve ry  low f requency  in 
Drosophila males b u t  occurs freely in females.  This 
obse rva t ion  encouraged REDDY, REDDY and  RAG 1 inves-  
t iga te  if the re  is any  subs tance  in the  female  germinal  
t issue, i.e. ovaries,  which  m i g h t  induce crossing-over  in 
males.  They  p repared  an ex t r ac t  by  homogeniz ing  several  
Drosophila ovaries  and  t e s t ed  th is  for t he  induc t ion  of 
cross ing-over  in t he  males.  These expe r imen t s  were  per-  
fo rmed b o t h  wi th  f resh and  boiled ex t rac t .  The fresh 
ex t r ac t  p roved  to  induce  a s ignif icant  n u m b e r  of cross- 
overs. 

An a t t e m p t  to conf i rm these  in te res t ing  observa t ions  
was  m a d e  by  SINGER et a l ) .  Here,  the  f resh ex t r ac t  
induced  only  8 cross-overs in 68,974 flies, while t he  con- 
t rols  y ie lded 7 cross-overs  in 19,170. These au thors  t hus  
failed to  conf i rm earlier  resul ts  where  103 cross-overs 
were recovered  in 29,147 flies. Therefore,  i t  was t h o u g h t  
wor thwhi l e  to  r epea t  these  expe r imen t s  to  suppor t  one 
or o the r  of t he  observa t ions .  

A 3rd ch romosome  double  recessive stock, se cu, and  
a wild s tock  Oregon-R,  were used.  Females  he te rozygous  

Induction of crossing-over in Drosophila melanogaster males treated 
with ovarian extract 

Treatment Dose No. of Total Total 
per males progeny cross-overs 
male test- 

crossed 

of Drosophila melanogaster with Ovarian Extract 

for these  2 s t ra ins  were m a t e d  to s imilar  males  and  were 
dissected in saline. Near ly  400-500 ovaries  were dissected 
and  were homogenized  wi th  sand. Saline was added  to 
make  the  vo lume of t he  h o m o g e n a t e  to  1 ml. The homo-  
gellate was cent r i fuged twice a t  4000 r p m  for 5 min.  The 
s u p e r n a t a n t  was in jec ted  into t he  he te rozygous  males  
w i th  an AGLA brand  mic romete r  syr inge using a fine 
glass capil lary.  F resh  ex t r ac t  was in jec ted  in to  males  in 
2 sets a t  a ra te  of 0.2 tzl and 0.4 ~1 per  male. The ex t r ac t  
was t h e n  boiled and  s imilar  in jec t ions  were per formed.  
The in jec ted  males were ind iv idua l ly  m a t e d  to  5-7 se cu 
virgins for 2 days  per  brood.  7 such broods  were  cul tured.  
Scoring was  no t  m a d e  for t he  first  2 broods.  The resul ts  
are given in t he  Table.  

No cross-overs were observed  in these  expe r imen t s  
excep t  in the  one wi th  boiled ex t r ac t  where  only  2 
r ecombinan t s  appeared  in 6252 flies. The conclusion is 
t h a t  the  Drosophila ovar ian  ex t r ac t  does no t  induce 
cross ing-over  in t he  males.  

Zusammenfassung. Von zwei fri iheren, sich wider-  
sp rechenden  Befunden  wird  einer  ges t f i tz t :  Ovarial-  
ex t rak te  yon  Drosophila 15sen in M~nnchen  keine ~cros- 
sing-over,,  aus. 
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Saline 0.2 ~1 26 16,280 0 

Fresh extract 0.2 ~zl 16 8,482 0 

Fresh extract 0.4 [xl 19 8,168 0 

Boiled extract 0.2 ~tl 20 7,726 0 

Boiled extract 0.4 [~1 17 6,252 2 

1 0 . S .  REDDY, G. M. REDDY and M. S. RAO, Nature 208, 203 (1965). 
K. M. SINGER, A. CHOVNICR, D. T. SUZUKI, D. BAILLIE and 
D. HOAR, Nature 21d, 503 (1967). 
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