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D i f f e r e n c e s  in  t h e  F i r s t  P r o g e n y  of  Drosophila melanogaster S t r a i n s  in I n t e r s p e c i f i c  C o m p e t i t i o n  

A s t r o n g  d e g r e e  of  f r e q u e n c y - d e p e n d e n c e  in  p r o g e n y  
p r o d u c t i o n  1, 2 in  m i x e d  c u l t u r e s  of  2 spec i e s  o f  Drosophila 
w a s  v e r i f i e d  b y  o n e  g e n e r a t i o n  t e s t s  ~. A d e c r e a s e  or  
m a i n t e n a n c e  of  p r o g e n y  n u m b e r  in  c u l t u r e s  w i t h  h i g h  
a n d  low p a r e n t a l  d e n s i t y  is a lso  o b s e r v e d  ~. W e  a t t e m p t e d  
to  i n v e s t i g a t e ,  in  m i x e d  c u l t u r e s  of  t w o  spec ies ,  w h e t h e r  
t h e  i n c r e a s e  in  p a r e n t a l  d e n s i t y  of  o n e  s p e c i e s  i n h i b i t s  
t h e  f i r s t  p r o g e n y  of  t h e  o t h e r  c o m p e t i t o r  s p e c i e s  m a i n -  
t a i n e d  w i t h  c o n s t a n t  p a r e n t a l  f r e q u e n c y .  

W e  u s e d  15 w i ld  s t r a i n s  of  D. melanogaster, 12 h o m o -  
z y g o u s  a n d  3 h e t e r o z y g o u s  fo r  t h e  2rid c h r o m o s o m e  b y  
m e a n s  of  C y L / P m  t e c h n i q u e .  F r o m  e a c h  s t r a i n  3 r e p -  
l i c a t e s  we re  m a d e  w i t h  200 f l ies  e a c h  a n d  i n t r o d u c e d  
i n t o  b o t t l e s  of  ~/a 1, w i t h  f r e s h  m e d i u m .  T h e s e  3 r e p l i c a t e s  
r e c e i v e d  r e s p e c t i v e l y  200, 400, a n d  600 fl ies,  D.pseudo- 
obscura. 

I n  t h i s  w a y ,  t h r e e  d i f f e r e n t  s e t s  of  p o p u l a t i o n s  we re  
e s t a b l i s h e d ,  w i t h  s p e c i e s  i n i t i a l  f r e q u e n c i e s  of  1:1,  1 : 2, 
a n d  1 :3 .  T h e  p o p u l a t i o n s  w e r e  k e p t  a t  2 5 ~  a n d ,  a f t e r  
7 d a y s  of  e g g - l a y i n g ,  t h e  p a r e n t a l  f l ies  w e r e  d i s c a r d e d .  
14 d a y s  l a t e r  t h e  p r o g e n y  c o u n t s  we re  m a d e  o n l y  once .  
T h e  r e s u l t s  a r e  s u m m a r i z e d  in  t h e  T a b l e .  C o m p a r i s o n s  b y  
m e a n s  of  Z 2 t e s t  b e t w e e n  o u t c o m e s  s h o w e d  in  t h e  T a b l e  
p e r m i t  u s  t o  a r r a n g e  t h e  15 s t r a i n s  of  D. melanogaster in  

Number, percentage, and values and P (with 2df) of z2-test of the 
first progeny of Drosophila melanogaster for the 3 types of populations 

Strains - 1:1 1:2 I :3  Vaiuesofze 
and P 

% n % ,* % 

M6 18 86 2 9 1 5 26.01"* 
M7 203 60 34 10 100 30 129.16"* 
M8 239 66 28 8 97 26 190.79"* 
M10 166 70 20 8 52 22 148.48"* 
M12 6 3 34 16 175 81 228.97** 
M15 202 88 4 2 23 10 312.70"* 
M17 380 62 26 4 207 34 306.72** 
M18 121 42 26 9 142 49 79.32** 
M19 104 36 101 34 88 30 1.48 
M24 27 23 40 33 53 44 8.46* 
M27 253 52 64 13 172 35 110.32"* 
M32 24 11 3 1 194 88 297.82** 
Mean 145 ~ 3 4  32 4- 8 109 :t:20 
POL 1 258 72 49 14 51 14 241.72"* 
POL 2 73 36 67 33 61 31 1.08 
POL 3 184 60 26 8 98 32 121.89"* 
Mean 172 •  47 -t-12 70 4-14 

*, P <0 .05 ;  **, P~s 

5 g r o u p s  w i t h  d e c r e a s e  of t h e  f i r s t  p r o g e n y  : 1. in  d i r e c t i o n  
1:1, 1 : 2, 1 : 3, s t r a i n  M6 ; 2. in  d i r e c t i o n  1 : 3, 1 : 2, 1:1, 
s t r a i n s  M12  a n d  M24 ;  3. in  d i r e c t i o n  1:1, 1 : 3, 1:2, s t r a i n s  
M7, MS, M10,  M15,  M17,  M27,  P O L  1, a n d  P O L  3; 4. in  
d i r e c t i o n  1:3, 1:1, 1:2, s t r a i n s  M18  a n d  M 3 2 ;  a n d  5. t h e  
s t r a i n s  M19  a n d  P O L  2, w i t h o u t  s t a t i s t i c a l l y  s i g n i f i c a t i v e  
d i f f e r e n c e s  b e t w e e n  t h e  p o p u l a t i o n s  1:1, 1 : 2, a n d  1 : 3. 

I n  t h e  2 n d  g r o u p  s t r a i n s ,  t h e  g r e a t e r  t h e  p a r e n t a l  
d e n s i t y  o f  D_ pseudoobscura t h e  g r e a t e r  is t h e  f i r s t  p r o g e n y  
of D. melanogaster, as  w a s  o b s e r v e d  3 in  D. pseudoobscura. 
i.e., t h e  c a r r i e r s  of  t h e  3rd c h r o m o s o m e  g e n e  a r r a n g e m e n t  
s t a n d a r d  (ST) a r e  s u p e r i o r  in  f i t n e s s  o v e r  t h e  c a r r i e r s  of  
t h e  3rd  c h r o m o s o m e  i n v e r s i o n  C h i r i c a h u a  (CH) in  c u l t u r e s  
w i t h  h i g h  l a r v a l  d e n s i t y ,  a n d  t h e  o p p o s i t e  r e l a t i o n  o c c u r s  
in  c u l t u r e s  w i t h  low l a r v a l  d e n s i t y .  I n  t h i s  s ense ,  t h e  l a r v a l  
c o m p e t i t i o n  b e t w e e n  D. melanogaster a n d  D. pseudo- 
obscura, c a n  be  i n c r e a s e d  b y  e x t e n d e d  e g g - l a y i n g  pe r i od ,  
b e c a u s e  t h e s e  2 s p e c i e s  l a y  m o r e  eggs  in  l o n g e r  o v i p o s i t i o n  
p e r i o d s  4. 

C o m p a r i n g  t h e  m e a n  p r o d u c t i v i t y  of  D. melanogaster, 
f i r s t  p r o g e n y  of  t h e  h o m o z y g o u s  wi ld  s t r a i n s ,  b y  m e a n s  of  
t - t e s t s ,  t h e  f o l l o w i n g  r e l a t i o n s  we re  f o u n d :  1:1 r 1 : 2  
(t = 3 ,225;  22 dr ;  1) < 0.01), 1:1 = 1 : 3  (t = 0 ,897;  
22 dr ;  P > 0.05), a n d  1 : 2  # 1 : 3  (t = 3 ,424;  22 d f ;  
P < 0.01). M o r e o v e r ,  for  t h e  h e t e r o z y g o u s  n o  d i f f e r e n c e s  
w e r e  f o u n d .  As  is s u g g e s t e d  b y  t h e  r e s u l t s  o b s e r v e d ,  
h o m o z y g o u s  a n d  h e t e r o z y g o u s  for  2 n d  c h r o m o s o m e  of  
D. melanogaster e x h i b i t  d i f f e r e n t  o u t c o m e s  in  t h e  p r o d u c -  
t i o n  of  t h e  f i r s t  p r o g e n y  in  i n t e r s p e c i f i c  c o m p e t i t i v e  
c o n d i t i o n s .  

Resumen. E1 r e s u l t a d o  de  la  p r o d u c c i 6 n  de  la p r i m e r s  
p r o g e n i e  de  D. melanogaster fu6  d i f e r i e n t e  p a r a  los t r e s  
t i p o s  de  p o b l a c i o n e s  de  c o m p e t e n c i a  corn  D. pseudoobscura 
y t a m b i 6 n  p a r s  las  e s t i r p e s  h o m o  y h e t e r o c i g o t a s  de  
D. melanogaster. 
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A C h r o m o s o m e  M u t a t i o n  A f f e c t i n g  the  N u m b e r  of  

W h e n  c r o s s e d  w i t h  a m a l e  of  t h e  s a m e  spec ies ,  Xenopus 
borealis ~ p r o d u c e s  o f f s p r i n g  w h o s e  n u m b e r  of  n u c l e o l i  
(nu) p e r  cel l  is 1 o r  2: t h e  p r o p o r t i o n  of  2 nu n u c l e i  
v a r i e s  f r o m  one  e m b r y o  t o  a n o t h e r  b e t w e e n  46 a n d  7 6 % .  I t  
is i n t e r e s t i n g  to  r e p o r t  h e r e  t h e  e x c e p t i o n a l  c a se  of  a 
c o u p l e  o f  X. borealis f r o m  L a k e  S a m b u r u  a r e a  ( N o r t h e r n  
K e n y a ) .  

1 Supported by a grant  (No. 3.60.68) from the Fonds national 
suisse de la Recherche Scientifique and the George and Antoine 
Claraz donation. 
Unpublished research in this laboratory has shown that  Xenopus 
laevis borealis (Parker) is a species on its own right and we propose 
to name it Xenopus borealis (Parker). 

N u c l e o l i  in  Xenopus borealis P a r k e r  1-3 

E m b r y o s ,  s q u a s h e d  in  t o t o  a t  s t a g e s  1 0 - t l  a n d  l a t e r  
a t  s t a g e  46 (NIEUWKOOP a n d  FABER ~) we re  e x a m i n e d  b y  
p h a s e  c o n t r a s t  m i c r o s c o p y .  I n  s o m e  t h e r e  w e r e  1 o r  2 
n u c l e o l i  p e r  n u c l e u s ,  in  o t h e r s  1, 2 or  3 : o u t  of  53 e m b r y o s ,  
25 (47%)  b e l o n g e d  t o  t h e  f i r s t  c a t e g o r y ,  28 (53%)  t o  t h e  
s e c o n d  o n e  T h e s e  p r o p o r t i o n s  s u g g e s t e d  a M e n d e l i a n  
d i s t r i b u t i o n  of  t h i s  a n o m a l y .  

Material collected by FISCHBERG and t(OBEL, who express their 
gratitude to the Fisheries and Game Dept. of Kenya for permission 
to collect frogs of the genus Xenopus. 

4 p. D. NIsuwKoop and J. FABER, Normal Table o/ Xenopus 
laevis (Daudin) (North Holland Publishing Company, Amsterdam 
1956). 
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To t e s t  th i s  hypo thes i s  we squashed  t a i l t ip s  of 198 
t adpo les  a t  s tages  47 and  48 : 89 e m b r y o s  (45%) p resen ted  
2 n u  a t  most ,  109 (55%) up  to  3 nucleol i  pa r  cell. I n  t h e  
f i rs t  group (2 n u )  we found  17 to 49% 1 n u  a n d  51 to 
83% 2 n u  cells; in  t he  second one, 4 - 3 2 %  1 n u ,  29-72% 
2 n u  and  14 -57% 3 n u  cells. E m b r y o s  w i t h  less t h a n  14% 
3 n u  nuclei  were discarded.  

ELSDALE, FISCHBERG and  SMITH 5 in 1958, FISCHBERG 
and  WALLACE ~ in 1960 h a v e  shown  t h a t  in  X .  7. l a e v i s  

(Daudin) ,  t he  n u m b e r  of secondary  cons t r i c t ions  pe r  
m e t a p h a s e  p la t e  is iden t ica l  to  t he  m a x i m a l  n u m b e r  of 
nucleol i  d u r i n g  t he  i n t e r p h a s e ;  t h e y  observe  2 chromoso-  
mes w i t h  t e r m i n a l  sa te l l i tes  in  t he  n o r m a l  X.  7. l a e v i s  

whereas  tile I n u  m u t a n t  (Oxford m u t a n t )  p resen t s  on ly  
one of t hem.  This  r e l a t ionsh ip  becomes  qu i te  clear in  t h e  
l igh t  of b iomolecu la r  da ta ,  BIRNSTIEL et  al. ~ h a v i n g  

Fig. 1. X .  borealis (2 nu): normal caryotype: 2 n = 36. 
Fig. 2. X .  borealis (3 nu) : earyotype with mutation on 1 chromosome 
7 ; 2 n  = 36. 

d e m o n s t r a t e d  t h a t  t h e  seconda ry  cons t r i c t ions  co n t a i n  t he  
r i bosoma l  c is t rons  coding for t h e  cy top l a smic  r - R N A ;  

I n  X .  b o r e a l i s  c a r y o t y p e  TYMOWSKA an d  FISCHBERG 
(in press) h a v e  shown  2 types  of s econda ry  cons t r i c t ions  
borne  b y  ch romosomes  4 a n d  5 respect ive ly .  The  same 
s i t ua t i on  occurs  in  X .  m u l l e r i  whose  e a r y o t y p e  is nea r ly  
iden t i ca l  to  t h e  b o r e a l i s  one (TYMOWSKA an d  KOBELS). I f  
nucleic acid h y b r i d i za t i o n s  h a v e  m a d e  i t  possible  (PARDUE, 
in press) to  d e m o n s t r a t e  t h a t ,  in X.  m u l l e r i ,  t h e  r - D N A  is 
localized on t h e  t e r m i n a l  cons t r i c t ion  of ch romosome  4, 
th i s  p r o p e r t y  o u g h t  to  be va luab le  in t h e  case of X.  
b o r e a l i s .  

The  f r equency  of t h e  3 nucleol i  m u t a t i o n  (near ly  50%) 
suggests  t h a t  one of t h e  p a r e n t s  possesses a super-  
n u m e r a r y  nuc leo la r  organizer  in t h e  he te rozygous  s ta te .  
To t e s t  th i s  hypo thes i s ,  we crossed t h e m  w i t h  o the r  frogs 
of the  same p o p u l a t i o n :  desp i te  m a n y  sol l ic i ta t ions  w i t h  
gonado t roph ins ,  t h e  m o t h e r  ($ 1) has  so far  o b s t i n e n t t y  
refused to  lay. T h e  male  p a r e n t  (3 1) was t h e  f a t h e r  of 
1900 new embryos ,  100 of which  were f ixed b e t w een  s tage  
10 an d  46. E x c e p t  4 i l l - formed l a rvae  w i t h  some 3 n u  

cells, t h e y  all p re sen ted  1 to 2 nucleol i  per  nucleus  (n o rma l  
number ) .  Thus  t h e  or ig in  of the  m u t a t i o n  is n o t  p a t e r n a l  
b u t  m a t e r n a l  (Figures 1 a n d  2). 

C y t o l o g i c a l  a n a l y s i s .  X .  b o r e a l i s  w i t h  2 n u :  2 n = 36: 
t h e  ch romosomes  can  be  d i s t r i b u t e d  in to  8 groups  accord-  
ing to  t h e  c lass i f icat ion proposed  b y  TYMOWSKA (in press) 
for th i s  species. 

X .  b o r e a l i s  w i t h  3 n u :  2 n = 36: excep t  t h e  pa i rs  4, 5 
an d  7, t h e  ch romosomes  do n o t  differ  f rom t h e  homolo-  
gous pa i rs  of 2 n u  ind iv iduals .  Chromosomes  of pa i r  4 are 
easi ly ident i f ied,  a l t h o u g h  t h e  t e r m i n a l  nucleolar  orga- 
nizer  m a y  be di f f icul t  to  reveal .  The  associa t ion  of t he  
homologues  of th i s  pa i r  obse rved  in 50% of t h e  2 n u  

b o r e a l i s  m e t a p h a s e s  is p resen t  in  on ly  6% of t h e  3 n u  

m e t a p h a s e  p la tes  ana lyzed .  
To fo rm pai rs  5 an d  7, t he re  are 4 chromosomes ,  1 

s u b m e t a c e n t r i c  an d  3 me t acen t r i c s  bea r ing  an  i n t e r ca l a ry  
secondary  cons t r ic t ion .  I n  order  to  cha rac te r i ze  t h e m  
precisely,  we ana lyzed  22 m e t a p h a s e s  f rom 2 c~3 w i t h  2 n u  

an d  f rom 2 ~6  an d  2 ~ w i t h  3 n u ,  an d  m a d e  the  fol lowing 
m e a s u r e m e n t s :  1. Cen t romer ic  I n d e x  (CI). 2. L e n g t h  of 
t h e  cons t r i c t ion  in % of the  l e n g h t  of t h e  long a r m  wh ich  
bears  it. 3. L e n g t h  of t h e  c h r o m a t i d  s egmen t  be tween  the  
cen t romere  a n d  t h e  p r o x i m a l  end  of t h e  cons t r ic t ion ,  in 
% of t h e  long a r m ' s  t o t a l  length .  

R e s u l t s  (figure 3). A) 2 n u  i nd iv idua l s  : 5 a a n d  5 b are the  
2 e l ement s  w i t h  secondary  cons t r i c t ions ;  7a  m (muta t ed )  
an d  7 b  c o n s t i t u t e  pa i r  7. Fo r  these  2 pa i rs  the  CI values  
are 0.45 a n d  0.42 respect ive ly .  The  cons t r i c t ion  a t  5 a and  
5b  rep resen t s  t h e  15.5% of t h e  long a r m ' s  l eng th  an d  t he  
d i s t ance  s epa ra t i ng  t h e  p r o x i m a l  e x t r e m i t y  of t h e  constr ic-  
t i on  f rom t h e  Cell tromere cor responds  to  18.9% of the  
l engh t  of th i s  same arm.  

13) 3 n u  i nd iv idua l s :  2 of t h e  ch romosomes  w i t h  con- 
s t r i c t ions  h a v e  a CI of 0.46, t h e  cons t r i c t ion  measu r ing  
14.1~ of t h e  long a r m  an d  t h e  c e n t r o m e r e p r o x i m a l  end 
of t h e  cons t r i c t ion  d i s t ance  19.7~ of the  same. These  
n u m b e r s  are v e r y  close to  those  found  for 5a  an d  5b  
( ind iv idua ls  w i t h  2 n u )  an d  a l low us to  i den t i fy  these  2 

Fig. 3. 2 nu  X .  borealis (normal) and 3 nu  X .  borealis (mutated): 
comparison of chromosome pairs 4, 5, 6 and 7. 5a and 5b are the 
two homologues of pair 5. 
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Fig. 4. Presumptive origin of the mutated 7 a TM chromosome. 4 a and 4b, 5 and 5, 7 a and 7 b: respective homologues of pairs 4, 5 and 7; 4b m 
and 7a m : translocated 4b and 7a; a, b, c and d: the gametes of a type III individual; A, B, C and D: the 4 possible reeombinants following 
fertilization of a, b, c or d by a normal gamete. 

ch romosomes  as pai r  5 e lements .  The 7 am is qui te  d i f ferent  
because of its CI of 0.48, of the  re la t ive  shor tness  of its 
secondary  cons t r ic t ion  (13.2 % of the  long a rm ) bu t  ma in ly  
because of the  pos i t ion  of t he  former  t he  d i s tance  of its 
origin to  t he  cent romere ,  compr iz ing  34.7% of the  long 
a r m ' s  length.  One ch romosome  is left :  i ts  CI of 0.40 
shows t h a t  i t  belongs to  pa i r  7 (7b). 

Origin o/the mutated 7a m. The presence  of 3 nucleoIi in 
the  in te rphase  nuclei  implies  t he  exis tence  of 3 nucleolar  
organizers.  If 2 of t h e m  are borne  by  the  homologues  of 
pa i r  4, t he  3rd one m u s t  be located on the  cons t r ic t ion  
seen in the  a l tered ch romosome  of pai r  7. This  m a y  be 
expla ined  by  a reciprocal  t r ans loca t ion  be tween  2 
chromosomes ,  one belonging to  pai r  4, the  o ther  to pai r  7. 
In  the  scheme of Figure  4 we added  to these  t he  e lements  
of pa i r  5 t h a t  should no t  be mis taken  for the  m u t a t e d  
chromosome.  

Le t  us imagine  2 breaks  (r), one affect ing the  shor t  a rm 
of one e lement  of pa i r  4, t h a t  we shall  call 4 b, and the  o ther  
on pai r  7, in the  shor t  a rm of chromosome 7 a, for instance.  
Af te r  hav ing  ro t a t ed  180 ~ these  segments  will be  exchan-  
ged:  the  end of 4b  fuses wi th  7 a, t h a t  of 7 a coupling wi th  
4b.  The resul t  is 2 he te rozygous  pairs  4 a - 4 b  TM and 7a m- 
7b. 

The m o m e n t  of t he  occurrence of th is  t rans loca t ion  
remains  unknown.  For  reasons of clar i ty,  Figure 4 does 
no t  t ake  in to  account  the  theore t ica l  necess i ty  of a 
t e lomere  a t  the  dis ta l  end of the  t r ans loca ted  arm. We  
m u s t  pos tu la te  a second b reak  near  the  apex  of the  shor t  
a rm of ch romosome  4b  and  7a: th is  will give 2 te lomeres  
4b  and  7a t h a t  will each fuse wi th  the  e x t r e m i t y  of the  
o the r  chromosomes .  

Let  us go back  to  Figure 4 where  we show the  4 types  
of gametes  (a, b, c and  d) f rom an indiv idual  wi th  t y p e  I l I  
ch romosomal  pa t t e rn .  These gametes ,  eggs or spe rma to -  
zoans, fusing wi th  a normal  gamete  will give rise to 
embryos  of 4 types :  A, t3, C and D. The ca ryo types  we 
have  got up to now being exclusively of t ype  A (2 nu) or 
t ype  ]3 (3 nu), C and D never  appearing,  we feel au thor ized  
to  conclude t h a t  X. boreatis 91 inhered i ted  the  m u t a t i o n  
f rom one p a r en t  and  therefore  bears  the  m u t a t i o n  in the  
he te rozygous  state.  

Rdsumd. L ' e x a m e n  cytologique de la descendance  de 2 
Xenopus borealis r6v61a 50% d ' ind iv idus  dot6s de n o y aux  
~t 1 et  2 nucl6oles (s i tuat ion normale)  e t  50% g 1, 2 et  3 
nuc16oles. Le ca ryo type  de ces derniers  d6mon t ra  la 
pr6sence de 3 organisa teurs  nucl6olaires, au lieu de 2, 
l 'or igine de l'~16ment suppl~menta i re  re levan t  d ' une  
t ranMocat ion r6ciproque en t re  4 e t  7. 
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