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T h e  N u c l e a r  C o n t e n t  of  D N A  in  T h r e e  D i f f e r e n t  S t r a i n s  of  Artemia  salina L e a c h  ( P h y l l o p o d a ,  
B r a n c h i o p o d i d a e )  

I n  t he  b r ine  sh r imp ,  Ar temia  salina, diploid  a n d  poly-  
ploid  s t r a in s  h a v e  been  descr ibed  b y  m a n y  au thors ,  wh ich  
differ  f rom each  o t h e r  morpho log ica l ly  as well  as physio-  
logically. F u r t h e r m o r e ,  severa l  s t r a in s  or species exis t  
w i t h  differences  ill t h e i r  cytology.  T he  diploid  s t r a ins  
deve lop  b y  fe r t i l i za t ion  or pa r thenogene t i ca l ly ,  whereas  
t he  po lyplo id  s t r a in s  deve lop  on ly  pa r thenogene t i ca l ly .  
I n  t h e  diploid  b i o t y p e  pa r t henogenes i s  is au tomic t i c ,  
whereas  t e t r a p l o i d  Ar temia  are  au topo lyp lo id  a n d  the re -  
fore a n  exac t  p lo idy  r e l a t ionsh ip  ha s  to  be  found  in t h e  
D N A  c o n t e n t  of t h e  diploid  a n d  t e t r ap lo id  p a r t h e n o -  
genet ic  race. Cons iderab le  differences  exis t  a m o n g  t h e  di- 
p loid  s t ra ins .  S t r u c t u r a l  dif ferences  in  t h e  ch r om osomes  
of A .  sal ina parthe~ogenetica 24 and  A.  sal ina a~/igonica, 
m a k e  i t  v e r y  l ikely t h a t  t he re  is a d i f fe ren t  D N A  c o n t e n t  
in  t h e  nucle i  of these  s t r a in s  ~. There fo re  we t e s t ed  
w h e t h e r  t he  differences are  to  be  a c c o u n t e d  due to  modif i -  
ca t ions  of physio logica l  c h a r a c t e r  or to  d ivers i t ies  cor- 
r e l a t ed  to  a d i f fe ren t  D N A  c o n t e n t  in t h e  2 forms.  

Ar temia  sal ina is p r e s en t  in  Cagliar i  (Sardinia)  as 2 bio-  
t y p e s :  t he  diploid  anf igonic  in  t h e  sa l t  works  of S. 
Bar to lomeo ,  a n d  t h e  diploid  p a r t h e n o g e n e t i c  in  t h e  sa l t  
works  of S. Gilla. A.  s. parlhenogenetica dn which  l ives in  
t he  mar shes  of Comacchio.  Fo r  our  research  s tud ies  we 
h a v e  col lected A .  s. an/ igonica and  A.  s. parthenogenetica 
2n d i rec t ly  f rom t h e  sa l t  m a r s hes  of S. B a r t o l o m e o  a n d  S. 
Gilla.  F o r  t h e  t e t r a p l o i d  p a r t h e n o g e n e t i c  s t r a i n  we h a v e  
used a s tock  we b r e d  in our  l abo ra to ry .  P r e p a r a t i o n s  of 
ne rvous  t i ssue  were m a d e  b y  d issec t ing  op t ica l  gangl ia  
and,  a f t e r  f i xa t i on  in Carnoy,  t h e y  were squashed  in  
acet ic  acid 45%.  Before  hydrolys is ,  each  slide was f rozen 
in l iqu id  n i t r ogen  a n d  t h e  cover-s l ide  t a k e n  off. T he  t i m e  
for  hydro lys i s  was  chosen,  in  some tests ,  as 6.8 and  10 
min.  Af te r  8 ra in  of hydrolys is ,  nuclei  showed  a m a x i m u m  
of a b s o r p t i o n  a t  t he  wave  l e n g t h  of 546 nm.  T he  m e t h o d  
we used for  Feu lgen  s t a i n i n g  is t h a t  p roposed  for cy to-  
p h o t o m e t r i c  m e a s u r e m e n t s  2. To d e t e r m i n e  t h e  D N A  con-  
t e n t  in  t he  i n t e r p h a s e  nuclei  we used  t h e  'Who le -nuc leus ' -  
m e t h o d  3 a n d  on ly  for compar i son  d id  we t a k e  measure -  
m e n t s  t h r o u g h  t he  ' P l u g ' - m e t h o d  4. M e a s u r e m e n t s  were 
t a k e n  w i t h  t h e  Zeiss M i k r o s p e k t r a l p h o t o m e t e r .  I n  t h e  
d iag rams ,  t he  e x t i n c t i o n  was p l o t t e d  aga i n s t  t he  n u m b e r  
of nucle i  in  percen t .  

The  resu l t s  of t h e  m e a s u r e m e n t s  on  i n t e r p h a s e  nucle i  
f r om diploid  A.  s. an/ igonica a n d  t e t r a p l o i d  A.  s. partheno- 
genetica are g iven  in the  F igures  1 a n d  2. I n  b o t h  t ypes  
va r ious  degrees  of p lo idy  could be  found.  T he  diploid  
fo rm shows 3 m a x i m a  a t  2c, 4c a n d  8c a n d  a b o u t  90% of 
t he  cells be long  to t h e  D N A  classes 2c a n d  4c. B o t h  of 
these  D N A  classes are to  be  expec t ed  in t i ssues  of d ip lo id  
cells a t  t he  s tage  of cell d ivis ion,  whereas  t he  D N A  va lue  
8c is cha rac t e r i s t i c  for  e n d o m i t o t i c  g r o w t h  of t he  cells. 
The  m a x i m a  for  t h e  t e t r a p l o i d  Ar temia  were f o u n d  to  be  
4c a n d  8c in 95% a n d  16c in on ly  5% of t h e  cells. T h u s  t he  
p lo idy  r e l a t ionsh ip  1 : 2 b e t w e e n  t he  diploid  a n d  t h e  t e t r a -  
p loid  fo rm d e m o n s t r a t e d  b y  t h e  cyto logica l  e x a m i n a t i o n  
of t h e  m e t a p h a s e  pla tes ,  was  also conf i rmed  b y  t he  D N A  
m e a s u r e m e n t s .  
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Compar i son  of A.  s. parthenogenetica 2n a n d  A.  s. 
an/igonica was m a d e  on  cells of t he  opt ica l  gangl ia  of b o t h  
fo rms  in  o rder  to  o b t a i n  exac t  p lo idy  classes. F igures  3 a n d  
4 s u m m a r i z e  t h e  d a t a  in  t e r m s  of t h e  2 forms.  I n  A. s. 
an/igonica t h e  m e a n  m a x i m u m  is 0.64 4-0.07,  in  A. s. 
parthenogenetica 2n t h e  m e a n  m a x i m u m  is 0 .784-0 .12 .  
C o m p a r i n g  t h e  ex t inc t i ons  i t  m a y  be  deduced  t h a t  t h e r e  
exis t  no  d i f fe rent  p lo idy  classes in  t h e  r a t io  1 : 2, a l t h o u g h  
i t  c a n n o t  be  exc luded  t h a t  gene dup l i ca t ions  are  p r e sen t  
as t he  resu l t  of e v o l u t i o n a r y  steps,  l ead ing  to  smal l  
d i f ferences  in  t h e  D N A  con ten t .  The  t o t a l  l e n g t h  of t h e  
ch romosomes  be tween  b o t h  forms  is 1.4:1 as s h o w n  b y  
STEFANI 5, whereas  our  f ind ings  on  t h e  D N A  measu re -  
m e n t s  of b o t h  fo rms  show a b o u t  1.2:1.  There fo re  i t  
could  be  a s sumed  t h a t  t he  differences  f o u n d  in t h e  
c h r o m o s o m a l  m e a s u r e m e n t s  are n o t  on ly  due  to  differences  
in t h e  D N A  c o n t e n t  b u t  also due  to  IRNA a n d  nuc lea r  
pro te ins .  Never the less ,  m e a s u r e m e n t s  b y  u l t r amic ro -  
s p e c t r o p h o t o m e t r y  would  be  necessary .  

% 

3O 
2O 

z 00 

2c ~c 8c 
/7=88 

~o loo zoo 400 
Extinction r_(arbi~rary uni;s) 

Fig. 1. Frequency distribution of DNA in interphase nuclei of 
Artemia salina an/igonica. The 2 maxima 2c and dc are characteristic 
for diploid cells in different stages of DNA synthesis. The maximum 
8c is due to endomitotic cell growth. 
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Fig. 2. Frequency distribution of DNA in interphase nuclei of 
Artemia salina parthenogenetica gn. The maximum 2c characteristic 
for diploid cells is absent. The 4c and 8c maxima are characteristic 
for tetraploid cells and the 16c maximum for cells with endomitotic 
celt growth. 
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Fig. 3. Frequency distribution of DNA in the ceils of the optical 
ganglia of Artemia saline an/igo~ice. 90% of the ceils belong to the 
maximum 2c with the DNA extinction mean 0.64~ 0.07 (arbitrary 
units). 
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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 .  
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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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