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S u m m a r y .  The s t a t i s t i ca l  p a r a m e t e r s  of a pol len populat ion of Oenothera purpurata in which the mende l ian  f ac to r  
of pol len  l e tha l i ty  s e g r e g a t e s ,  showed that the pol len populat ion ana lysed  at an thes i s  in the Oenothera sub-genus  
quite  fai thful ly  c o n s e r v e s  the s e g r e g a t i o n  indica ted  in the t e t r a d s .  Fo l lowing  on this fact ,  the s e g r e g a t i o n  "ac t ive  
g r a i n s ,  i nac t ive  g r a i n s ,  empty  g r a i n s "  was ana lysed  in the pollen of the complex  h e t e r o z y g o t e s .  The l a r g e  s t an -  
dard  devia t ion  of the p e r c e n t a g e s  of the t h r ee  pol len c l a s s e s  and the value of the c o r r e l a t i o n  between the p e r c e n t -  
ages  of g ra in  c l a s s e s  taken two by two s ignify that the s eg rega t i on  of the t h r ee  potent ia l  c l a s s e s  of m i c r o s p o r e  
d i f f e r s  f rom one t e t r a d  to ano the r .  By s u p e r i m p o s i n g  the c o r r e l a t i o n  coef f ic ien t  e s t i m a t e d  between the p e r c e n t -  
age of the t h r ee  g ra in  c l a s s e s  of a b i fac to r i a l  s e g r e g a t i o n  of co rn  pol len on the c o r r e l a t i o n  coef f ic ien t  of the t h r ee  
c l a s s e s  of Oenothera pollen,  it is  poss ib le  to know with c e r t a i n t y  the d i s t r ibu t ion  of the potent ia l ly  ac t ive ,  i n a c -  
t ive  and empty  m i c r o s p o r e s  in the t e t r a d s .  This d i s t r ibu t ion ,  which is  d i f ferent  depending on whether  the s p e c i e s  
is h e t e r o g a m o u s  o r  i sogamous ,  a l lows us to con f i rm  that the empty  g ra ins  c a r r y  the r e c o m b i n e d  c o m p l e x e s  
which become  lethal  as  a r e su l t  of th is  r e c o m b i n a t i o n .  

It has been d e m o n s t r a t e d  ( Jean  1974) that the empty  

pol len  g ra in s  of the complex  he t e rozygo te  s p e c i e s  of 

the subgenus Oenothera r e p r e s e n t  haploid indiv iduals  

of r e c o m b i n e d  c o m p l e x e s .  It would be i n t e r e s t i n g  to 

know the s e g r e g a t i o n  "ac t ive  g r a in s ,  inac t ive  g r a in s ,  

empty  g r a i n s "  in the t e t r a d s  r e su l t i ng  f rom the m e i o -  

s i s  of an ther  m o t h e r  c e l l s .  In the pol len of the m a j o r -  

ity of a n g i o s p e r m  s p e c i e s ,  at the point of an thes i s ,  

the t i e s  between the four  pol len g ra in s  o r ig ina t ing  

f r o m  one p a r t i c u l a r  t e t r a d  a r e  d e s t r o y e d  by d i s s o l u -  

t ion of the c a l l o s i c  wall of the m o t h e r - c e l l .  This means  

that ,  a f t e r  sampl ing ,  the g ra in s  a r e  r andomly  d i s -  

p e r s e d  in a m i c r o s c o p i c  p r e p a r a t i o n .  The Oeno the ras  

pol len,  howeve r ,  is  a d i f fe ren t  c a s e ,  the v i s c i n e  f i l a -  

ments  which a r e  juxtaposed g lobules  of sporopo l l en ine  

( Jean  1971), binding t oge the r  the g ra ins  of any t e t r ad .  

In th is  way the pol len populat ion should c o n s e r v e  an 

o r i en t ed  d i s t r ibu t ion  of the g r a i n s  in a m i c r o s c o p i c  

p r e p a r a t i o n .  This was p roved  when we found among 

the homozygous  Oenothera purpurata a plant whose 

pol len showed the s e g r e g a t i o n  of a mende l ian  f ac to r  

of pol len l e tha l i ty .  This s a m p l e  pol len populat ion 

helped towards  an unders tanding  of the s t a t i s t i c a l  

c h a r a c t e r s  of the c o m p l e x - h e t e r o z y g o t e  pol len  popu-  

la t ion .  

The s t a t i s t i ca l  method inc ludes  t h r ee  p a r t s :  

(1) the p re sen t a t i on  of s t a t i s t i ca l  p a r a m e t e r s  ; 

(2) the s e a r c h  for  a model pol len populat ion c o m -  

posed of 3 c l a s s e s  of g r a i n s ;  

(3) the c o m p a r i s o n  of th is  model  pol len populat ion 

with the pol len population of c o m p l e x - h e t e r o z y -  

gores .  

M a t e r i a l s  

The pol len of s o m e  s p e c i e s  of the Renne r  co l l ec t ion  
was analysed: Oenothera biennis L., Oe. coronifera 
Renner, Oe. coroni f era forma rubrisepala Renner, 
Oe. conferta Renner, Oe. rubrioaulis Renner, Oe. 
suaveolens Desfontaine, Oe. syrtico~a Bartlett, as 
well as  two o ther  s p e c i e s  Oe. nuda Renne r  ( J ean  et 
a l .  1966a, b) and Oe. e r s t e inens i s  Linder  and Jean  
(1969) .  The he t e rozygo te  +/p was taken f r o m  our  
cu l t u r e s  of Oe. purpurata Klebahn.  

The s ample  of pol len populat ion was g e n e r a l l y  
c o m p o s e d  of about 100 g r a i n s ,  n i s  the n u m b e r  of 
s a m p l e s .  F o r  Oe. b iennis ,  Oe. e r s t e inens i s  and 
Oe. s y r t i co la ,  the pol len taken off t h r e e  an the r s  of 
one f lower  of one plant f o r m e d  the subpopulat ion 
(Tables  2, 3) .  F o r  all  o ther  s p e c i e s  the s ample  was 
taken f rom one an ther  pe r  plant and no d i s t inc t ion  
was made between the plants  (Table 1) .  The v a r i a b l e  
x i s  the pe r cen t age  of one c l a s s  of g r a in .  The n u m -  
be r  of s a m p l e s  having the s a m e  p e r c e n t a g e  is  the 
f r equency  of the v a r i a b l e  ( the s t a t i s t i c a l  ca l cu la t ions  
a r e  made  us ing a p r o g r a m  in Algol l anguage ) .  

Also used  for  the d e m o n s t r a t i o n  a r e  the r e s u l t s  
of s e g r e g a t i o n s  o b s e r v e d  on co rn  sp ikes :  the s e g r e -  
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g a t i o n  of  two i n d e p e n d e n t  p a i r s  of  a l l e l e s  C / c  a n d  

+ / s u ,  u s i n g  t he  b a c k - c r o s s  cs..._~u • C + (n  = 108 
C S U  C S U  

s p i k e s ,  T a b l e  4, B )  ; t h e  s e g r e g a t i o n  of two l i n k e d  
p a i r s  of  a l l e l e s  C / c  a n d  + / w x ,  u s i n g  t h e  b a c k - c r o s s  

cw___.~x x C w x  (n  = 78 s p i k e s ,  T a b l e  4, A ) .  A s  i t  i s  d i f -  
C W X  C +  

f i c u l t  to  d i s t i n g u i s h  b e t w e e n  n o r m a l  g r a i n s  a n d  waxy  
g r a i n s  in  t he  g r a i n s  w i th  c o l o u r e d  a l e u r o n ,  t h e  p h e n o -  
t y p e s  [C +] a n d  (C wx]  w e r e  g r o u p e d  in  o n e  p h e n o t y p e  
[c]. 

R e s u l t s  

A - S t a t i s t i c a l  F i n d i n g s  

a - The  p e r c e n t a g e  d i s t r i b u t i o n  of  t he  e m p t y  g r a i n s  

in  t h e  s e g r e g a t i o n  + / p  

In a p p r o a c h i n g  t h e  s t a t i s t i c a l  a n a l y s i s  of  t h e  t h r e e  

c l a s s e s  of  p o l l e n  g r a i n s  of  t he  c o m p l e x - h e t e r o z y -  

g o t e s ,  we r e f e r  to a p o l l e n  p o p u l a t i o n  in  w h i c h  t h e  

m e n d e l i a n  f a c t o r  of  p o l l e n  l e t h a l i t y  ( p )  i s  s e g r e g a t -  

i n g .  

The  e x i s t e n c e  of  t h i s  f a c t o r  h a s  b e e n  s h o w n  in  t he  

p o l l e n  of  a p p l e  a n d  p e a r  t r e e s  ( G a g n i e u  1951 ;  L i n d e r  

1953,  1959,  1961)  a n d  in  t h e  p o l l e n  of  Oe. f r u t i e v s a  

of t h e  s u b - g e n u s  K n e i f f i a  ( L i n d e r  1 9 5 4 ) .  We  a l s o  f o u n d  

t h e  m u t a n t  + / p  in  Oe. p u ~ u r a t a  of t h e  s u b - g e n u s  

Oenothera ( J e a n  a n d  L i n d e r  1 9 7 0 ) .  

The p o l l e n  p o p u l a t i o n  of  o n e  f l o w e r  t a k e n  f r o m  two 

d i f f e r e n t  p l a n t s  i s  a n a l y s e d .  The m e a n s  a n d  t h e  s t a n d -  

a r d  d e v i a t i o n s  of  t h e  e m p t y  g r a i n s  of  t he  8 a n t h e r s  

a r e  t h e  f o l l o w i n g  (n  v a r y i n g  b e t w e e n  8 a n d  10 f o r  

a n t h e r ,  a n d  a b o u t  225 g r a i n s  f o r m  a s a m p l e ) :  

P l a n t  1 P l a n t  2 

A n t h e r  1 5 0 . 0 - +  0 . 8  4 9 . 7 - +  2 . 3  
A n t h e r  2 5 0 . 0  + 0 . 8  5 0 . 7 - +  2 . 1  
A n t h e r  3 5 0 . 0  + 0 . 8  4 9 . 4  + 1 . 2  
A n t h e r  4 5 0 . 1  + 0 . 9  4 9 . 3  + 1 . 5  
A n t h e r  5 4 9 . 9  + 0 . 8  5 0 . 2  + 1 . 6  
A n t h e r  6 5 0 . 0  -+ 1 . 4  5 0 . 5 - +  2 . 3  
A n t h e r  7 4 9 . 7  -+ 1 . 6  4 9 . 7  + 1 . 6  
A n t h e r  8 4 9 . 9  + 1 . 4  5 1 . 0  + 2 . 1  

Al l  t h e  m e a n s  a r e  p r a c t i c a l l y  i d e n t i c a l  to  t h e  t h e o -  

r e t i c a l  p e r c e n t a g e  of  s e g r e g a t i o n .  The  s t a n d a r d  d e -  

v i a t i o n s  a r e  v e r y  h o m o g e n e o u s  in  e a c h  p l a n t .  F o r  

p l a n t  1, t h e y  a r e  a b o u t  l g  a n d  f o r  p l a n t  2 a b o u t  2%. 

T h i s  d i f f e r e n c e  i s  due  to t h e  f a c t  t h a t  t h e  s e c o n d  f l o w -  

e r  w a s  p l u c k e d  a t  a m o r e  a d v a n c e d  s t a g e  of  a n t h e s i s .  

Oe. purpurata : +/p 

// ~ \ 
/ ] 1  , \ 

~ / "  r~/" M ~ l _ .  \ - _  

-2a +2o 

/ /  ~ Oe.erstelnensls:A/IA+E 

/ X 

30 40 45.5 50 60 ~. active gr. 
-2S +2S 
-3o + 3o 

F i g .  1. Th i s  f i g u r e  s h o w s  t h e  s a m p l e  f l u c t u a t i o n  of  t h e  
f a c t o r i a l  s e g r e g a t i o n  + / p  i n  t h e  p o l l e n  p o p u l a t i o n  of  
Oe. purpurata a n d t h a t  of  t h e  s e g r e g a t i o n  " a c t i v e  g r a i n s /  
i n a c t i v e  g r a i n s  + e m p t y  g r a i n s "  in  t h e  p o l l e n  p o p u l a -  
t i o n  of Oe. e r s t e inens i s .  The h i s t o g r a m  g i v e s  t he  e x -  
p e r i m e n t a l  d a t a .  The c o n t i n u e d  l i n e  c u r v e  i s  t h e  a d -  
j u s t e d  c u r v e  (Oe. purpurata: ~ = 4 9 . 9 % ,  r = 1 . 5 7  % ; 
Oe. e r s t e inens i s :  x = 4 5 . 5 % ,  ~ = 7 . 1 % ) .  The  d o t t e d  
l i n e  c u r v e  i s  t h e  t h e o r e t i c a l  c u r v e  (Oe. purpurata: 

= 50%, v = 3 . 3 % ;  Oe. e r s t e inens i s :  ~ = 4 5 . 5 % ,  v = 
4 . 9  % ) .  The  two h i s t o g r a m s  a r e  c e n t r e d  o n  t h e  m e a n s  

A s  t h e  v i s c i n  d r i e s  w h e n  i t  c o m e s  in to  c o n t a c t  w i th  

a i r ,  t h e r e  i s  l e s s  c o h e s i o n  b e t w e e n  t h e  g r a i n s  a n d  t h e  

p e r c e n t a g e  f l u c t u a t i o n  i s  s l i g h t l y  h i g h e r .  The r e s u l t s  

s h o w  t h a t  t h e  v i s c i n  k e e p s  t h e  s a m e  d i s t r i b u t i o n  of  t h e  

g r a i n s  in  t he  s a m p l e  s e e n  w i th  t h e  m i c r o s c o p e  a s  in  

t h e  p o l l e n  l o c u l u s .  T h i s  g i v e s  p a r t i c u l a r  s t a t i s t i c a l  

p r o p e r t i e s .  

The  p o l l e n  p o p u l a t i o n  of  t h e t w o  p l a n t s ,  m a d e  up of  

150 s a m p l e s ,  h a s  a m e a n  of  4 9 . 9  -+ 1 .57% a n d  g i v e s  

t h e  h i s t o g r a m  of  t h e  f r e q u e n c i e s  r e p o r t e d  in  F i g .  1. 

The  b a s e  of  t h e  h i s t o g r a m  i s  n a r r o w  a n d  i t s  m o d e  i s  

v e r y  h i g h .  C o m p a r i n g  t h e  h i s t o g r a m  w i t h  i t s  a d j u s t e d  

c u r v e  i t  c a n  b e  s e e n  t h a t  t h e  p e r c e n t a g e s  n e a r  to  50 % 

a r e  p r e f e r e n t i a l .  
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Table  1. The c o r r e l a t i o n  c o e f f i c i e n t s  b e t w e e n  t h e  p e r c e n t a g e s  of  t h e  g r a i n  c l a s s e s  
t a k e n  two by two in  t he  p o l l e n  p o p u l a t i o n  of  t h e  c o m p l e x - h e t e r o z y g o t e s  

C o r r e l a t i o n  c o e f f i c i e n t s  in  t h e  
p a i r s  of  c l a s s e s  

S p e c i e s  n x • S v A / E  A / I A  I A / E  

r A / E  > r I A / E  

A : 2 3 . 5 •  4 . 8  4 . 3  
biennis 150 IA : 19.2-+ 4 .1  3 . 8  - 0 . 8 0 1  ~ +0 .156  - 0 . 7 1 6  ~*~*~ 

V : 5 7 . 1 •  6 . 7  4 . 3  

A : 3 6 . 9 •  6 . 3  4 . 8  
coronifera 66 IA : 2 6 . 1 •  6 . 6  4 . 4  - 0 . 8 6 7  ~ +0 .520  ~ - 0 . 8 7 7  ~H~ 

V : 3 6 . 8 + 1 1 . 3  4 . 8  

A : 4 0 . 1 •  4 . 9  
nuda 62 IA : 15 .8  + 7 . 3  3 . 5  - 0 . 8 4 9  ~ *  - 0 . 0 1 6  - 0 . 5 1 5  ~ 

V : 4 4 . 0 •  4 . 9  

A : 3 3 . 8 •  5 . 4  4 . 7  
rubricaulis 76 IA : 3 1 . 0 •  5 .1  4 .6  - 0 . 8 9 7  ~ +0 .593  ~ - 0 . 8 8 8  ~ 

V : 3 5 . 0 •  9 .4  4 . 8  

A : 4 1 . 4 •  4 . 8  4 . 9  
suaveolens 40 IA : 3 5 . 5 •  4 .2  4 . 8  - 0 . 7 3 8  ~ - 0 . 0 4 7  - 0 . 6 4 0  ~ ' ~  

V : 2 3 . 0 •  6 . 2  4 .3  

A : 2 4 . 4 •  8 . 2  5 . 4  
syrticola 100 IA : 2 8 . 4 •  8 . 3  4 . 5  - 0 . 7 0 9  ~ +0 .024  - 0 . 7 2 2  ~ 

V : 4 7 . 1 •  5 . 4  

r A / E  h igh  

A : 4 5 . 5 •  7 . 1  4 . 9  
ersteinensis 195 IA : 1 5 . 3 •  5 .3  3 . 6  - 0 . 7 1 7  ~ - 0 . 3 8 2  ~ - 0 . 3 7 0  ~ 

V : 3 9 . 0 •  7 . 1  4 . 9  

A : 7 2 . 1 •  4 . 0  
eoronifera 56 IA : 6 . 3 2  5 . 4  2 . 4  - 0 . 8 7 9  ~ - 0 . 5 5 1  ~ +0 .087  
x~br~sepala V : 2 1 . 5 •  9 . 4  4 .1  

r I A / E  > r A / E  

A : 40 .2  + 5 .8  4 . 9  
conferta 81 IA : 2 6 . 1 -  + 8 . 0  4 . 4  - 0 . 4 2 8  ~ - 0 . 2 7 8  ~ - 0 . 7 4 6  ~ 

V : 33.7-+ 8 . 5  4 .6  

S t a t i s t i c a l l y  s i g n i f i c a n t  P < 0 . 0 5  
** . . . .  P < 0 . 0 1  

~ . . . .  P < 0 .001  
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In p o p u l a t i o n s  w i t h  a 50 %/50 % s e g r e g a t i o n ,  a t h e o -  

r e t i c a l  s t a n d a r d  d e v i a t i o n  of  + 3 .3% Is= V 1/2x 1/2 
225 x \ 

100 ) i s  e x p e c t e d .  One  c a n  s e e  t ha t  t h e  t o t a l  e x p e r i -  

m e n t a l  d i s t r i b u t i o n  i s  s i t u a t e d  wi th in  t he  l i m i t s  o f  

+ 2cr(-+ 3S = 4 . 7 1 % ;  -+2~ = 6 . 6 % ) .  It h a s  b e e n  d e m o n -  

s t r a t e d  f o r  t he  + / p  s e g r e g a t i o n  in  t he  p o l l e n  of  t he  

a p p l e  a n d  the  p e a r  t r e e  ( L i n d e r  1953 and  1959) t ha t  t he  

s a m p l e  f l u c t u a t i o n  of  a g a m e t o p h y t i c  s e g r e g a t i o n  i s  

w i th in  t h e  l i m i t s  o f  Z 2c~. But  in Oenothera p o l l e n ,  t h i s  

f l u c t u a t i o n  i s  s t i l l  n a r r o w e r .  It s e e m s  a s  i f  t he  g r a i n s  

a r e  t a k e n  out  of  an u r n  in  w h i c h  the  two  t y p e s  of  g r a i n s  

h a v e  the  s a m e  o r i e n t a t e d  d i s p o s i t i o n  a s  in  t he  t e t r a d  

of two normal grains and two empty grains. The pol- 

len image at anthesis by Oenothera quite accurately 

gives the segregation of the different potential pheno- 

types of the microspores in the tetrads. 

b - The percentage distribution of active, inactive, 

and empty grains 

L i n d e r  (1967 ,  1968) h a s  s h o w n  tha t  t h e  p e r c e n t a g e  

o f  e a c h  c l a s s  of  g r a i n  v a r i e s  s t r o n g l y  wi th in  t h e  p o l -  

l e n  l o c u l u s ,  and ,  a fortior~, b e t w e e n  a n t h e r s  o f  t h e  

s a m e  f l o w e r  o r  of  d i f f e r e n t  f l o w e r s .  The h i s t o g r a m  
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T a b l e  2 .  A v e r a g e  p e r c e n t a g e s  a n d  s t a n d a r d  d e v i a t i o n s  of  t h e  
t h r e e  g r a i n  c l a s s e s  in  t h e  s u b p o p u l a t i o n  of Oe. biennis,  
Oe. ersteinensis, Oe. syrticola 

G r a i n  c l a s s e s  
S u b -  

p o p u l a t i o n s  n a c t i v e  i n a c t i v e  e m p t y  

biennis 

1 30 22 .30 -+4 .43  18.37-+ 3 . 8 9  
2 30 23 .07 -+3 .75  18.83-+ 4 . 1 4  
3 30 24 .77 -+5 .75  19.20-+ 4 . 2 8  
4 30 22 .67 -+4 .37  2 0 . 7 7 -  + 3 . 8 1  
5 30 2 5 . 1 7 2 4 . 7 2  18.97-+ 3 . 9 8  

ersteinensis 

1 30 4 7 . 6 3 + 5 . 9 3  12.20-+ 4 . 2 8  
2 30 4 3 . 8 0 2 7 . 1 9  2 0 . 0 0  2 5 . 0 7  
3 30 46 .87-+9 .46  12.93-+ 6 . 2 8  
4 30 47 .67-+6 .23  13.43-+ 2 . 8 2  
5 30 46 .40-+5 .66  14.30-+ 3 . 6 6  
6 45 42 .69 -+6 .10  17.84-+ 4 . 4 0  

syrticola 

1 30 23 .00 -+8 .32  2 7 . 3 0 -  + 7 . 6 5  
2 30 27 .13-+7 .46  27.97-+ 4 . 6 3  
3 40 23 .42 -+7 .74  2 9 . 6 0 - + 1 0 . 5 9  

59.33-+ 6 . 0 5  
5 8 . 1 0 2  6 . 7 3  
5 6 . 0 3 -  + 7 . 9 3  
5 6 . 5 7  + 6 . 2 9  
5 5 . 8 7 -  + 6 . 0 4  

40.17-+ 7 . 6 7  
36.2O-+ 6 . 4 5  
40.20-+ 9 . 3 6  
38.90-+ 5 . 5 6  
39.30-+ 5 . 7 9  
39.47-+ 6 . 4 8  

49 .70 -+11 .45  
44 .90 -+10 .07  
46 .97 -+12 .95  

of  f r e q u e n c y  in  F i g .  1 r e p r e s e n t s  a n  e x a m p l e  of  t h e  

p e r c e n t a g e  d i s t r i b u t i o n  of  a c t i v e  g r a i n s  of  0e. 

ers te inensia ,  t h e  m e a n  of  w h i c h  i s  4 5 . 4 g  + 7 . 1 g  f o r  

N = 100 a n d  n = 195.  Th i s  h i s t o g r a m  i s  w ide  o v e r  

t h e  x - a x i s  a n d  t he  m o d e l  c l a s s  i s  no t  c l e a r l y  v i s i b l e .  

T a k i n g  t h e  e x p e r i m e n t a l  m e a n  a s  t h e  t h e o r e t i c a l  p e r -  

c e n t a g e  of  s e g r e g a t i o n ,  t h e  p e r c e n t a g e  d i s t r i b u t i o n  i s  

g i v e n  by  t h e  t h e o r e t i c a l  f r e q u e n c y  c u r v e  w i th  

s = 4 . 9 g  c~= 100 x 100 . 

The  s a m e  i s  o b s e r v e d  in  t h e  o t h e r  two p o l l e n  c l a s -  

s e s  of  Oe. ers te inens i s  a n d  in  t h e  t h r e e  c l a s s e s  of  t h e  

o t h e r  a n a l y s e d  s p e c i e s  ( T a b l e  1,  c o l u m n  3,  a n d  T a b l e  

2 ) .  In t h e  m a j o r i t y  of  d i s t r i b u t i o n s  S i s  g r e a t l y  s u -  

p e r i o r  to ~.  Th i s  i s  t h e  c o m p l e t e  i n v e r s e  of  t h e  s e g -  

r e g a t i o n  of  a c o u p l e  of  m e n d e l i a n  a l l e l e s .  F r o m  t h i s  

i t  c a n  b e  d e d u c e d  t h a t  s e v e r a l  s e g r e g a t i o n  p r o p o r t i o n s  

e x i s t  f o r  a c t i v e  g r a i n s ,  i n a c t i v e  g r a i n s  a n d  e m p t y  

g r a i n s .  It  s e e m s  t h a t  t h e  s e g r e g a t i o n  of  a c t i v e ,  i n a c -  

t i v e  a n d  e m p t y  m i c r o s p o r e s  v a r i e s  f r o m  o n e  t e t r a d  to 

a n o t h e r .  The  p o l l e n  p o p u l a t i o n  s a m p l e  c o m e s  f r o m  d i f -  

f e r e n t  k i n d s  o f  t e t r a d s ;  t h e  h i g h  n u m b e r  of  t h e i r  c o m -  

b i n a t i o n s  e x p l a i n s  t h e  h i g h  v a l u e  of  t h e  s t a n d a r d - d e v i a -  

t i o n .  

F r o m  t h i s  h y p o t h e s i s ,  two m o d e s  of  d i s t r i b u t i o n  

of  t h e  t h r e e  m i c r o s p o r e  p h e n o t y p e s  in  t h e  t e t r a d  c a n  

b e  a d v a n c e d .  T h e s e  m o d e s  of  d i s t r i b u t i o n  a r e  e i t h e r  

h a p h a z a r d  o r  p r e f e r e n t i a l .  In t h e  l a t t e r  c a s e  c e r t a i n  

t e t r a d s  c o u l d  g i v e  m i c r o s p o r e s  of  o n l y  o n e  p h e n o t y p e .  

C o n s e q u e n t l y ,  in  t he  p o l l e n  p o p u l a t i o n  a t  a n t h e s i s ,  a 

h i g h  p e r c e n t a g e  of  o n e  g r a i n  p h e n o t y p e  c o u l d  c o r r e -  

s p o n d  q u i t e  r e g u l a r l y  to  a low p e r c e n t a g e  of  t he  o t h e r  

two p h e n o t y p e s ,  a n d  v i c e - v e r s a .  In t h i s  way i t  c a n  b e  

s e e n  t h a t  t he  c o e f f i c i e n t s  of  l i n e a r  c o r r e l a t i o n  b e t w e e n  

t h e  p e r c e n t a g e s  of  t h e  g r a i n  c l a s s e s  c a n  h a v e  a d e s -  

c r i p t i v e  v a l u e  f o r  t he  t e t r a d  p o p u l a t i o n .  

c - Correlation between the percentages of the three 

grain classes 

B e f o r e  c a l c u l a t i n g  t h e  c o e f f i c i e n t s  of  c o r r e l a t i o n ,  t h e  

n o r m a l i t y  of  t h e  d i s t r i b u t i o n  of  t h e  p e r c e n t a g e s  of  t h e  

three grain classes for each species is analysed by 

the X 2 test. On the whole the normality is respected. 

Only in two cases does the percentage distribution de- 

part from the normal law for the active grain class of 
2 

Oe. biennis (Xt20~j = 35.8, P = 0.02) and for the inac- 
2 

tire grain class of Oe. coronifera rub~sepala (X(13) = 

119, P < 0.000). But this does not seem to change in 

any way the value of the coefficients r, which fit in 

wel l  w i th  t h e  g l o b a l  r e s u l t .  



R.  J e a n :  T e t r a d s  in  t h e  C o m p l e x  H e t e r o z y g o t e  S p e c i e s  of  t h e  S u b - g e n u s  Oenothera 223 

T a b l e  3.  The  c o r r e l a t i o n  c o e f f i c i e n t s  b e t w e e n  t h e  p e r -  
c e n t a g e s  of  t h e  g r a i n  c l a s s e s  t a k e n  two b y  two  in  t h e  
p o l l e n  s u b p o p u l a t i o n  of  Oe. b i e n n i s ,  Oe. e r a t e i n e n s i s ,  
Oe. ayrticola 

C o r r e l a t i o n  c o e f f i c i e n t s  in  t h e  
p a i r s  of  c l a s s e s  

S u b -  
p o p u l a t i o n s  n A / E  A / I A  I A / E  

Oe. biennia 

1 
2 
3 
4 
5 

Oe. ayrticola 

1 
2 
3 

Oe. erateinenaia 

1 
2 
3 
4 
5 
6 

30 - 0 . 7 6 6  ~ + 0 . 0 5 4  - 0 . 6 8 3  ~*~ 
30 - 0 .  837 ~ *  +0.  456 ~ - 0 .  869 ~ 
30 - 0 . 8 5 1  ~ *  + 0 . 2 3 3  - 0 . 7 0 9  ~*~ 
30 - 0 . 8 0 3  ~ *  + 0 . 1 7 8  - 0 . 7 2 9  ~ 
30 - 0 . 7 5 3  ~ *  + 0 . 0 4 2  - 0 . 6 2 5  ~*~ 

30 - 0 . 7 4 4  ~ - 0 . 0 3 9  - 0 . 6 3 8  ~ 
30 - 0 . 9 0 3  ~ + 0 . 3 5 2  ~* - 0 . 7 2 1  ~ 
40 - 0 .  5 7 6 " ~  - 0 .  027 - 0 .  802 ~ 

30 - 0 . 8 3 2  ~ + 0 . 1 0 5  - 0 . 6 3 9  e~*~ 
30 - 0 . 7 7 8  ~ - 0 . 3 4 8  ~ - 0 . 3 1 9  
30 - 0 . 7 2 8  ~ - 0 . 4 9 1  e~ - 0 . 2 4 0  
30 - 0 . 8 9 1  * ~  - 0 . 4 5 0  ~ - 0 . 0 0 4  
30 - 0 . 7 9 6  ~ - 0 . 2 8 9  - 0 . 3 5 0  ~ 
45 - 0 . 7 5 7  ~*~ - 0 . 2 7 2  - 0 . 4 2 3  ~ 

The  b i n a r y  c o m b i n a t i o n s  of  t h e  t h r e e  g r a i n  c l a s s e s  

a r e :  a c t i v e  g r a i n  p e r c e n t a g e s / e m p t y  g r a i n  p e r c e n -  

t a g e s  ( a b b r e v i a t i o n : A / E ) ,  a c t i v e  g r a i n  p e r c e n t a g e s /  

i n a c t i v e  g r a i n  p e r c e n t a g e s  ( a b b r e v i a t i o n  : A / I A ) ,  a n d  

i n a c t i v e  g r a i n  p e r c e n t a g e s / e m p t y  g r a i n  p e r c e n t a g e s  

( a b b r e v i a t i o n  : I A / E  ) .  The  v a l u e s  f o r  t h e  c o e f f i c i e n t s  

r a r e  g i v e n  in  t h e  T a b l e  1 f o r  a l l  of  t h e  s p e c i e s ,  a n d  

i n  T a b l e  3, by  p l a n t ,  f o r  Oe. b iennia ,  Oe. e r s t e i n e n s i a  

a n d  Oe. a y r t i c o l a  ( t h e  s u b - p o p u l a t i o n  i s  t h e  p o l l e n  

p o p u l a t i o n  of  o n e  p l a n t ) .  

E a c h  s p e c i e s  i s  c h a r a c t e r i s e d  by  a f i x e d  c o m b i n a -  

t i o n  of  t h e  t h r e e  c o e f f i c i e n t s .  In T a b l e  1 t h e  s p e c i e s  

a r e  r e g r o u p e d  a c c o r d i n g  to  i d e n t i c a l  c o m b i n a t i o n .  The 

f o l l o w i n g  c o m b i n a t i o n s  a r e  o b s e r v e d :  t h e  c o m b i n a t i o n  

c a l l e d  biennia:  A / E  h a s  a h i g h  n e g a t i v e  r ;  A / I A  h a s  

a l ow  n e g a t i v e  o r  p o s i t i v e  r ,  o r  a h i g h  p o s i t i v e  r ;  

I A / E  h a s  a h i g h  n e g a t i v e  r ;  t h e  c o m b i n a t i o n  c a l l e d  

e r a t e i n e n s i s :  A / E  h a s  a h i g h  n e g a t i v e  r ;  A / I A  a n d  

I A / E  h a v e  a m e d i u m  to l ow  n e g a t i v e  o r  p o s i t i v e  r ;  

t h e  c o m b i n a t i o n  c a l l e d  confer ta :  A / E  a n d  A / I A  

h a v e  a m e d i u m  to  l ow  n e g a t i v e  r ,  I / A E  h a s  a h i g h  

n e g a t i v e  r .  

The  r e s u l t s  b y  p l a n t  ( T a b l e  3)  s h o w  t h a t  t h e  c o m -  

b i n a t i o n s  of  t h e  t h r e e  c o e f f i c i e n t s  v a r y  s l i g h t l y  w i t h -  

in  t h e  s p e c i e s .  In t h e  a c t i v e / e m p t y  p a i r  w i th  h i g h  

c o r r e l a t i o n  t h e  c o e f f i c i e n t s  r a r e  r e m a r k a b l y  h o -  

m o g e n e o u s .  The 95 % c o n f i d e n c e  l i m i t  i s  t h e o r e t i c a l l y  

b e t w e e n  - 0 . 3  a n d  - 1 .  In f a c t  t h e  t o t a l  f l u c t u a t i o n  of  

r i s  b e t w e e n  - 0 . 6  a n d  - 0 . 9 .  The c o r r e l a t i o n  c o e f f i -  

c i e n t s  d e m o n s t r a t e  t h a t  t h e r e  a r e  p r e f e r e n t i a l  s e g r e -  

g a t i o n s  by  t e t r a d .  B u t  t h e y  do not  i n d i c a t e  w h i c h  

g r a i n s  t h e  t e t r a d s  a r e  c o m p o s e d  o f .  In o r d e r  to  u n -  

d e r s t a n d  t h e m ,  i t  i s  n e c e s s a r y  to c a l c u l a t e  t he  c o r -  

r e l a t i o n  c o e f f i c i e n t s  f o r  a p o l l e n  p o p u l a t i o n  of  w h i c h  

t h e  t e t r a d  p o p u l a t i o n  i s  we l l  k n o w n  a n d  w h i c h  p r e s e n t s  

a c e r t a i n  a n a l o g y  w i th  t h e  t e t r a d  p o p u l a t i o n  of  t h e  

c o m p l e x  h e t e r o z y g o t e  Oenothera. 

B - M o d e l s  of  t h e  t e t r a d  p o p u l a t i o n  of  t h r e e  g r a i n  

c l a s s e s  

The p o l l e n  p o p u l a t i o n  w h i c h  in  o u r  o p i n i o n  a n s w e r s  to  

t h e s e  c o n d i t i o n s  i s  t h a t  in  w h i c h  two a l l e l i c  l i n k e d  

p a i r s  s e g r e g a t e .  It  i s  t h e  i n e q u a l i t y  of  t h e  p r o p o r t i o n  

b e t w e e n  t he  p a r e n t a l  d i t y p e  t e t r a d s  a n d  t h e  r e c o m b i n e d  

d i t y p e  t e t r a d s  w h i c h  a l l o w s  t h i s  a n a l o g y .  We u s e  t he  

c l a s s i c a l  s e g r e g a t i o n  of  t h e  a l l e l e s  C ,  c a n d  t ,  wx 

w h i c h  i s  o b s e r v e d  on  c o r n  s p i k e s .  The v a l u e  of  t he  

c o r r e l a t i o n  ( T a b l e  4, A )  d i f f e r s  f r o m  o n e  p a i r  of  c l a s -  

s e s  to a n o t h e r ,  a n d  i t  r e m a i n s  r e m a r k a b l y  s t a b l e  in  

a n y  two p a r t s  of  t h e  t o t a l  p o p u l a t i o n .  W h e n  c o n s i d e r -  

ing  t h e  o r i g i n  of  t h e  g r a i n s  in  t h e  t e t r a d s ,  i t  c a n  b e  

s e e n  t h a t  t he  h i g h e s t  c o r r e l a t i o n  a p p e a r s  in  a p a i r  in  

w h i c h  o n e  p h e n o t y p e  c o m e s  f r o m  a p a r e n t a l  t e t r a d  ( P A )  

[c  +]  a n d  t h e  o t h e r  [c  wx]  f r o m  a r e c o m b i n e d  t e t r a d  

( R E ) .  B y  c o m p a r i s o n ,  in  t he  s e g r e g a t i o n  of  two i n -  

C +  ( T a b l e  4, B ) ,  t h e  c o r r e l a -  d e p e n d e n t  a l l e l i c  p a i r s  c s u  

t i o n s  in  t h e  t o t a l  p o p u l a t i o n  a r e  low a n d  p r a c t i c a l l y  of  

t h e  s a m e  v a l u e  ( t h e  X~5 ) _  = 4 . 6 6 ;  P = 0 . 4 6 ) .  The  l ow  

c o r r e l a t i o n s  a r e  f o u n d  in  t h e  s u b - p o p u l a t i o n s  1 a n d  

3, but  t h e  s u b - p o p u l a t i o n  2 s h o w s  t h e  s a m e  g r a d a t i o n  

of  t he  c o r r e l a t i o n  c o e f f i c i e n t  a s  t h a t  of  t h e  s e g r e g a -  

t i o n  of  two a l l e l i c  l i n k e d  p a i r s .  

To o b t a i n  e x a c t  s i m i l a r i t y  b e t w e e n  t h e  p o l l e n  p o p -  

u l a t i o n  of  t h r e e  g r a i n  c l a s s e s  a n d  t h a t  of  f o u r  c l a s s e s ,  

i t  i s  n e c e s s a r y  to  f o r e s e e ,  f o r  t h i s  l a t t e r  p o p u l a t i o n ,  

t h e  d i f f e r e n t  p o s s i b i l i t i e s  of  g r o u p i n g  two p h e n o t y p e s  

in  o n e .  Bu t  a s  t h e  r e s u l t s  of  t h e  s e g r e g a t i o n  C w x / c  + 

a r e  a l r e a d y  g i v e n  in  a g r o u p e d  f o r m ,  w h i c h  m a k e s  

a n y  o t h e r  g r o u p i n g  i m p o s s i b l e ,  we c o n t i n u e  to w o r k  
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Table 4. Correlation betweenthe percentage of grain 
classes taken two by two in the pollen of the Zea mays 
(coefficient r calculated from segregation on spikes 
coming from a testcross) 

C wx 
A. Bifactorially linked segregation c----~ 

Sub-  
p o p u l a t i o n s  n 

Correlation coefficients in the pairs 
of classes 

c +/c wx c / c  + c / c  w x  

tetrad: Pa/Re Pa+Re/Pa Pa+Re/Re 

1 30 - 0 . 8 2 5  ~ - 0 .  540 ~ *  - 0 . 0 3 1  
2 46 - 0 .  688 ~ *  - 0 .  488 ~ *  - 0 .  298 ~ 

Total  
p o p u l a t i o n  76 - 0 .  748 ~ - 0 .  515 ~*~ - 0 .  184 

C +  
B. Bifactorially independent segregation c su 

C o r r e l a t i o n  c o e f f i c i e n t s  in  t h e  
I n t r a - t e t r a d  p a i r s  I n t e r - t e t r a d  p a i r s  

Sub-  
populations n C +/c su C +/c + c su/c + 

1 30 - 0 .  398 ~* - 0 .  371 ~* - 0 .  292 
2 30 - 0 .  086 - 0 . 2 1 7  - 0 .  639 ~ *  
3 48 - 0 . 2 2 9  - 0 .  429 ~ *  - 0 .  150 

Total 
p o p u l a t i o n  108 - 0 .  264 ~ - 0 .  372 ~ - 0 .  288 ~ 

c + /C  s u  C s u / c  s u  C + / C  s u  

1 30 - 0 .  515  ~'~*~ - 0 .  451 - 0 .  319 
2 30 - 0 .  158 - 0 .  240 - 0 .  658 ~ 
3 48 - 0 .  353 ~"~ - 0 .  345 ~ - 0 .  450 ~ *  

Total  
population 108 -0. 400 ~H~ -0. 229 ~ -0. 423 ~ 

on the sub-population 2 of the independent segrega- 

tion, which is statistically similar to the linked seg- 

regation. Six model populations of tetrads (Fig. 2) are 

obtained, each of which is characterised by 3 corre- 

lation coefficients. Inversely the value of these 3 co- 

efficients enables a definition of the 3 types of te- 

trads to be made. 

C - The o r g a n i s a t i o n  o f  t e t r a d s  

A p p l y i n g  t h e s e  m o d e l  p o p u l a t i o n s  to t h e  p o l l e n  p o p u l a -  

t i o n s  of  Oenothera, i t  c a n  be  s e e n  tha t  t h e  t h r e e  c o m b i -  

n a t i o n s  o f  t h e  c o e f f i c i e n t s  r ,  a n a l y s e d  a b o v e ,  g ive  

t h r e e  p o p u l a t i o n - t y p e s  of  t e t r a d s ,  w h i c h  a r e  s h o w n  

C 

C 

SU 

~ - 0 . 2  

+ 

Fig. 2. Diagram showing the model pollen populations 
I, 2, 3 with three grain classes. The grouped micro- 
spores are shown by the dots, the class pairs are 
shown by the arrows together with the coefficient r 

in  Fig. 3. These latter are successively described and 

e m p t y  ( E )  m i c r o s p o r e s  i n t h e t e t r a d s  of  biennis type, 

ersteinensis type, eonferta type (successively p r e -  

s e n t e d  by  l i n e ) .  

F i g .  3. D i s t r i b u t i o n . o f  t h e  p o t e n t i a l l y  a c t i v e  (A)  i n -  
a c t i v e  ( IA)  and  e m p t y  ( E )  m i c r o s p o r e s  in  t h e  t e t r a d s  
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a - The  biennis t y p e  

The  biennis c o m b i n a t i o n  f o l l o w s  t h e  m o d e l  p o p u l a t i o n  

3: t h e  p o p u l a t i o n  of  t e t r a d s  i s  c o m p o s e d  of  d i t y p e  t e -  

t r a d s  in  w h i c h  a c t i v e  a n d  i n a c t i v e  m i c r o s p o r e s  s e g r e -  

g a t e ,  a n d  m o n o t y p e  t e t r a d s  in  w h i c h  o n l y  e m p t y  m i c -  

r o s p o r e s  a r e  f o u n d .  In t h e  biennis s p e c i e s  s e t ,  t h e  

p o l l e n  p o p u l a t i o n  of  Oe. r~bricaul is  i s  n o t e  w o r t h y  

b e c a u s e  of  i t s  h i g h  p o s i t i v e  c o e f f i c i e n t  r ( +  0 . 7 )  in  t h e  

p a i r  A / I A .  The  v a l u e  of  t h e  c o e f f i c i e n t  s h o w s  t h a t  t h e  

p e r c e n t a g e s  of  t h e  a c t i v e  and  i n a c t i v e  g r a i n s  i n c r e a s e  

a n d  d e c r e a s e  at  t h e  s a m e  t i m e  f r o m  o n e  s a m p l e  to a n -  

o t h e r .  T h i s  c a n  o n l y  b e  i f  t h e  a c t i v e  g r a i n s  a n d  t h e  i n -  

a c t i v e  g r a i n s  c o m e  f r o m  t h e  s a m e  t e t r a d .  The  v a r i -  

a n c e  of  e a c h  g r a i n  c l a s s  i s  t h e r e f o r e  t h e  s u m  of  two 

v a r i a t i o n s  : a )  t h e  v a r i a t i o n  of  t h e  n u m b e r  of  t e t r a d s  

g i v i n g  a c t i v e  a n d  i n a c t i v e  g r a i n s ;  b)  t h e  s a m p l e  f l u c -  

t u a t i o n  of  t h e  s e g r e g a t i o n  a c t i v e ,  i n a c t i v e  g r a i n s  in  

t h e  t e t r a d .  The  e s t i m a t i o n  of  t h i s  f l u c t u a t i o n  i s  g i v e n  

by  c a l c u l a t i n g  t h e  r a t i o  of  e a c h  s a m p l e  

% a c t i v e  g r a i n s  . F o l l o w i n g  t h i s  
% a c t i v e  g r a i n s  + % i n a c t i v e  g r a i n s  
t r a n s f o r m a t i o n ,  t h e  m e a n  of  t h e  a c t i v e  g r a i n s  i s  

52 % + 3 . 7  %. The  n e w  s t a n d a r d  d e v i a t i o n  i s  w e a k e r  

t h a n  t h a t  o b s e r v e d .  In  t h e  c a s e  of  a s e g r e g a t i o n  1 /1  

t h e  s t a n d a r d  d e v i a t i o n  s h o u l d  h a v e  a v a l u e  of  2 % ( c f .  

p o l l e n  p o p u l a t i o n  + / p  of  Oe. purpurata).  T h e r e f o r e  

t h e  s e g r e g a t i o n  a c t i v e / i n a c t i v e  g r a i n s  a p p r o a c h e s  t he  

s e g r e g a t i o n  1 / 1 .  The  s u r p l u s  of  -+ 1 . 7  % i s  e x p l a i n e d  

by  s u p p o s i n g  t h a t  a f ew t e t r a d s  of  e m p t y  m i c r o s p o r e s  

c o n t a i n  o n e  a c t i v e  m i c r o s p o r e  o r  o n e  i n a c t i v e  m i c r o -  

s p o r e  o r  b o t h .  Thus  t h e  t e t r a d  p o p u l a t i o n  of  rubz~J- 

caul is  i s  c o m p o s e d  p r i n c i p a l l y  of  d i t y p e  t e t r a d s  w i th  

a c t i v e  a n d  i n a c t i v e  m i c r o s p o r e s ,  a n d  of  m o n o t y p e  t e -  

t r a d s  w i t h  e m p t y  m i c r o s p o r e s  in  w h i c h  c a n  b e  s e e n  

h e r e  a n d  t h e r e  a c t i v e  o r  i n a c t i v e  m i c r o s p o r e s .  

Oe. eoronifera p r e s e n t s  t h e  s a m e  c o e f f i c i e n t  r 

c o m b i n a t i o n  a s  Oe. ~ b ~ c a u l i s ,  but  t h e  m e a n s  of  t h e  

i n a c t i v e  a n d  a c t i v e  g r a i n s  d i f f e r  f r o m  t h e  s e g r e g a t i o n  

1 / 1 ,  t h e  i n a c t i v e  g r a i n s  b e i n g  g e n e r a l l y  w e a k e r  in  

p r o p o r t i o n  i n  t h e  d i t y p e  t e t r a d s .  

Oe. biennis, Oe. syrticola a n d  Oe. suaveolens h a v e  

a n  i n d e p e n d e n t  a c t i v e / i n a c t i v e  p a i r .  The  r a t i o  

% a c t i v e  g r a i n s  c a l c u l a t e d  f o r  t h e  
% a c t i v e  g r a i n s  + % i n a c t i v e  g r a i n s  

Oe. s y r t i co la  p o p u l a t i o n  g i v e s  t h e  f o l l o w i n g  p a r a m e -  

t e r s :  46 % + l l . 6  g. B y  t h i s  t r a n s f o r m a t i o n  t h e  s t a n d -  

a r d  d e v i a t i o n  h a s  g r e a t l y  i n c r e a s e d .  T h i s  m e a n s  t h a t  

t h e  a c t i v e  g r a i n s  a n d  t h e  i n a c t i v e  g r a i n s  do no t  o n l y  

c o m e  f r o m  d i t y p e  t e t r a d s  bu t  a l s o  f r o m  a t h i r d  t e t r a d  

t y p e ,  t r i t y p e  t e t r a d s  in  w h i c h  a c t i v e ,  i n a c t i v e  a n d  

e m p t y  g r a i n s  s e g r e g a t e .  Th i s  o r g a n i s a t i o n  i s  found  in  

a l l  s u b - p o p u l a t i o n s  ( T a b l e  3 ) .  The t r i t y p e  t e t r a d ,  w h i c h  

i s  r a r e  in  t h e  t e t r a d  p o p u l a t i o n  of  Oe. r ~ i c a u l i s ,  

i s  r e g u l a r l y  p r e s e n t  in  t h e  t e t r a d  p o p u l a t i o n  of  Oe. 

sy r t i eo la  a n d  in  t h a t  of  a l l  o t h e r  s p e c i e s  of  t h e  

biennis s e t .  

The  r e s u l t s  a r e  p e c u l i a r  to  Oe. nuda, i n  t h a t  t he  

c o r r e l a t i o n  c o e f f i c i e n t  i n d i c a t e s  a t e t r a d  p o p u l a t i o n  

of  biennis t y p e  but  t h e  s t a n d a r d  d e v i a t i o n s  of  t h e  

a c t i v e  g r a i n s  a n d  t h e  i n a c t i v e  g r a i n s  h a v e  d i f f e r e n t  

v a l u e s ,  w h i c h  i s  no t  t he  c a s e  in  t h e  o t h e r  s p e c i e s  of  

t h e  biennis s e t .  T h i s  i s  e x p l a i n e d  by  t h e  l ow  p e r c e n -  

t a g e  of  i n a c t i v e  g r a i n s .  Thus  t he  m a j o r i t y  of  t he  t e -  

t r a d s  w i th  a c t i v e  m i c r o s p o r e s  a r e  m o n o t y p e  a n d  t h e y  

f o l l o w  the  f l u c t u a t i o n  of t h e  t e t r a d s  w i t h  e m p t y  m i c -  

r o s p o r e s .  

F i n a l l y ,  t h e  s t a t i s t i c a l  r e s u l t s  a r e  c o h e r e n t  f o r  

a l l  t h e  s p e c i e s  w i th  t e t r a d s  of  t h e  biennis t y p e ,  w h e n  

t h e  m e a n s  a n d  t h e  s t a n d a r d  d e v i a t i o n s  a r e  c o m p a r e d  

w i t h  t h e  s i g n i f i c a n c e  of  t h e  c o r r e l a t i o n  c o e f f i c i e n t .  

The  b a s i c  t e t r a d s  a r e  t h o s e  w h i c h  h a v e  a c t i v e  m i c r o -  

s p o r e s  a n d  t h o s e  w h i c h  h a v e  e m p t y  m i c r o s p o r e s .  A c -  

c o r d i n g  to t he  s p e c i e s ,  t he  f o r m e r  t e t r a d s  s h o w  t h e  

a c t i v e / i n a c t i v e  s e g r e g a t i o n  in  p r o p o r t i o n s  w h i c h  g e n -  

e r a l l y  d e p a r t  f r o m  i / i ,  w h i l e  t he  l a t t e r  t e t r a d s  s h o w  

e m p t y  g r a i n s  a n d  c a n  a l s o  s h o w  a c t i v e  a n d  i n a c t i v e  

g r a i n s .  

b - The  ersteinensis t y p e  

The c o m b i n a t i o n  of  t h e  t h r e e  c o r r e l a t i o n  c o e f f i c i e n t s  

f o l l o w s  t h e  m o d e l  p o p u l a t i o n  1. T h i s  m e a n s  t h a t  c e r -  

t a i n  t e t r a d s  c o n t a i n  a c t i v e  m i c r o s p o r e s  w h i l e  o t h e r  

t e t r a d s  c o n t a i n  e m p t y  m i e r o s p o r e s ,  t h e  i n a c t i v e  

g r a i n s  b e i n g  d i s t r i b u t e d  r a n d o m l y  in  o n e  o r  t he  o t h e r  

t e t r a d .  It  i s  p r o b a b l e  t h a t  t r i t y p e  t e t r a d s  a p p e a r  

a m o n g  t h e  t e t r a d - p o p u l a t i o n .  The  f l u c t u a t i o n  in  n u m -  

b e r  of  t h e  two d i t y p e  t e t r a d s  m a y  b e  e s t i m a t e d  by  t h e  

s t a n d a r d  d e v i a t i o n  of  t h e  a c t i v e  g r a i n s  o r  of  t h e  e m p t y  

g r a i n s .  In t h i s  way t h e i r  i d e n t i c a l  v a l u e  i s  e x p l a i n e d .  

A s  t h e  i n a c t i v e  g r a i n s  c a n  a p p e a r  in  t h e  two t e t r a d s ,  

t h e  f l u c t u a t i o n  in  t h e i r  p e r c e n t a g e s  i s  l o w e r .  

It  c a n  b e  s e e n  t h a t  t h e  t e t r a d  p o p u l a t i o n  of  t h e  

ersteinensis t y p e  i s  q u i t e  c l o s e  to t h a t  of  t h e  biennis 

t y p e .  The  e s s e n t i a l  d i f f e r e n c e  b e t w e e n  t h e  two t y p e s  
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i s  t ha t ,  fo r  the  ersteinensis type ,  the  i n a c t i v e  m i c r o -  

s p o r e s  do not s e g r e g a t e  only  with the a c t i v e  m i c r o -  

s p o r e s  in a t e t r a d .  In the  s u b - p o p u l a t i o n s  (Table  3) 

the  c o m b i n a t i o n s  of the  t h r e e  r c o e f f i c i e n t s  r e p r e -  

s en t  the fluctuation of the combination of the whoie 

population. The sub-population I is the exception in 

that if follows the model population 3 and is of the 

biennis type. Knowing the two tetrad populations, it 

is interesting to compare the parameters  of Oe. nuda 

and 0~. ersteinenais: the means of the three classes 

are approximately identical, but the combination of 

the correlation coefficients is not the same, which 

shows that their tetrad populations are different. 

In Table I, Oe. coronifera rubrisepala is placed 

a f t e r  ersteinensia. The t e t r a d  popu la t ion  of  th i s  s p e -  

c i e s  canno t  be s t a t e d  with any c e r t a i n t y .  As the  m e a n  

of the  i n a c t i v e  g r a i n s  is  v e r y  low, the  p e r c e n t a g e  

d i s t r i b u t i o n  of t h i s  c l a s s  is  d i s s y m e t r i c a l  and t h e r e -  

f o r e  d e p a r t s  f r o m  the  n o r m a l  law.  If we c o n s i d e r  only  

the  c l a s s e s  of  ac t ive  and e m p t y  g r a i n s  with n o r m a l  

d i s t r i b u t i o n ,  t h e i r  v e r y  h igh c o r r e l a t i o n  ( r  n e a r  to 

- 0 . 9 )  shows  two t e t r a d s ,  one with a c t i v e  m i c r o s p o r e s  

and the  o t h e r  with e m p t y  m i c r o s p o r e s .  If, d e s p i t e  the  

a b s e n c e  of n o r m a l i t y ,  we gave  a d e s c r i p t i v e  va lue  to 

the  r c o e f f i c i e n t s  of the  two p a i r s  A / I A  and  I A / E ,  

we could  a r r i v e  at  a t e t r a d  popu la t ion  of the  er s t e in -  

enais t ype .  

c - The conferta type 

Among  the  s p e c i e s  a n a l y s e d ,  Oe. conferta i s  the  only  

one which shows  the  h i g h e s t  r coe f f i c i en t  f o r  the  i n -  

a c t i v e / e m p t y  p a i r .  The c o m b i n a t i o n  of the  c o e f f i c i e n t s  

a p p r o x i m a t e l y  fo l lows  model  popu la t ion  1: one high 

coefficient, two medium coefficients. This signifies 

that there are two types of tetrads, one with inactive 

microspores, the other with empty microspores ; the 

active microspores appear randomly in the two tetrads. 

In comparison with the biennia type we will admit the 

presence of the tritype tetrad. We find in the canferta 

type another form of the population of the ersteinenais 

type, in that only one phenotype of microspore is dis- 

tributed randomly between the two ditype tetrads. 

Conclusion: Genetical significance of the tetrad 

populations 

The species analysed are characterised by three types 

of tetrads: one which gives active microspores, an- 

o t h e r  e m p t y  m i c r o s p o r e s  and a t h i r d  the  t h r e e  types  

of m i c r o s p o r e s .  It i s  known tha t  a c t i v e  m i c r o s p o r e s  

t r a n s m i t  the  c o m p l e x  i n t a c t  ( R e n n e r  1919) and we 

have  shown tha t  an e m p t y  m i c r o s p o r e  c a r r i e s  a r e -  

c o m b i n e d  c o m p l e x  ( J e a n  1974) .  In t h i s  way the  t e t -  

r a d  with a c t i v e  m i c r o s p o r e s  i s  the  r e s u l t  of a m e i o s i s  

wi thout  any e x c h a n g e ,  the  t e t r a d  with e m p t y  m i c r o -  

s p o r e s  i s  the  r e s u l t  of a m e i o s i s  with  e x c h a n g e  b e -  

tween  the  four  h o m o l o g o u s  c h r o m a t i d s ,  and the  t r i -  

type  t e t r a d  i s  the  r e s u l t  of  a m e i o s i s  with e x c h a n g e  

b e tw een  two c h r o m a t i d s .  It can  be s e e n  tha t  the t e t -  

r a d  popu la t ion  of Oenothera is  c o m p a r a b l e  with tha t  

o b s e r v e d i n  m e n d e l i a n  g e n e t i c s  : the t e t r a d  with a c t i v e  

m i c r o s p o r e s  i s  the  homologue  of the  p a r e n t a l  t e t r a d ,  

the  t e t r a d  with e m p t y  m i c r o s p o r e s  is  the  homologue  

of the  d i type  r e c o m b i n e d  t e t r a d  and the  t r i t y p e  t e t r a d  

i s  the  h o m o l o g u e  of the  t e t r a t y p e  t e t r a d .  

This  b a s i c  s t r u c t u r e  v a r i e s  with  the  p a r t i t i o n  of 

t h e  i n a c t i v e  m i c r o s p o r e s .  In the  biennia type s p e -  

c i e s ,  which a r e  only h e t e r o g a m o u s ,  the  a c t i v e  m i c r o -  

s p o r e s  and the  i n a c t i v e  m i c r o s p o r e s  a p p e a r  with p r e -  

f e r e n c e  in the  s a m e  t e t r a d .  The two c o m p l e x e s  s e g r e -  

ga te  in th i s  t e t r a d ,  but a s  the  m e a n s  and the  s t a n d a r d  

d e v i a t i o n  do not c o r r e s p o n d  to the  s e g r e g a t i o n  1 /1 ,  

the  m o r p h o l o g i c a l  s e g r e g a t i o n  a c t i v e  g r a i n s / i n a c t i v e  

g r a i n s  i s  not s u p e r - i m p o s e d  on the  g e n e t i c a l  s e g r e g a -  

t ion  of the  c o m p l e x e s .  The a c t i v e  g r a i n s ,  which  a r e  

g e n e r a l l y  p r e d o m i n a n t ,  c a r r y  the  two c o m p l e x e s .  The 

i n a c t i v e  g r a i n s  c a r r y  the  i n a c t i v e  c o m p l e x  but ,  g iven  

the  l a r g e  s t a n d a r d  d e v i a t i o n ,  it i s  p r o b a b l e  tha t  the  

i n a c t i v e  g r a i n  wil l  be ab le  to c a r r y  the  two c o m p l e x e s .  

This  m e a n s  tha t  the  s e g r e g a t i o n  " a c t i v e  m i c r o s p o r e s ,  

i n a c t i v e  m i c r o s p o r e s "  in the  t e t r a d  o c c u r s  a c c o r d i n g  

to the  f ive c o m b i n a t i o n s  4 / 0 ,  3 / 1 ,  2/2, 1/3 and  0 / 4 .  

In the  ersteinensis type  and the  conferta type,  

which  g roup  the  i s o g a m o u s  s p e c i e s  ( c o r o n i f e r a  

r~br~sepala i s  h e t e r o g a m o u s ,  but  b e l o n g s  to the  t r a n s -  

l o c a t i o n  m u t a n t s  which a r e  g e n e r a l l y  i s o g a m o u s ) ,  the  

a c t i v e  m i c r o s p o r e s  and  the  i n a c t i v e  m i c r o s p o r e s  do 

not  s e g r e g a t e  with p r e f e r e n c e  in the  s a m e  t e t r a d .  The 

m o r p h o l o g i c a l  s e g r e g a t i o n  " a c t i v e  m i c r o s p o r e s ,  i n -  

a c t i v e  m i c r o s p o r e s "  i s  not  c o n n e c t e d  to the  g e n e t i c a l  

s e g r e g a t i o n  of the  two c o m p l e x e s .  This  m e a n s  tha t  

the i n a c t i v e  g r a i n  i s  g e n e t i c a l l y  h e t e r o g e n e o u s :  i t  

c a r r i e s  the  c o m p l e x  i n t a c t  o r  r e c o m b i n e d .  

Our  r e s u l t s  c an  be  c o n s i d e r e d  p a r a l l e l  to t h o s e  of  

W. Stubbe  (1959,  1960) and  to t h o s e  of G6pel  ( 1970 ) ,  
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both of which t r ea t  the inac t iv i ty  of the c o m p l e x e s ,  

and to those  of Ha r t e  (1969a und b) which t r e a t  the 

pol len compet i t ion  between the c o m p l e x e s ,  al l  works  

which fol lowed the d i s c o v e r y  of c y t o p l a s m i c  he red i ty  

made  by Renner  (1936) .  These  au thors  showed that 

pol len f e r t i l i t y  is d e t e r m i n e d  both by the sporophyte  

and by the gametophy te .  This conc lus ion  was made 

f rom ana lys i s  of the hybr id  g e n e r a t i o n s .  Bas ing  our  

work on the pol len ana lys i s  of the plant s p e c i e s ,  we 

have a r r i v e d  at the s a m e  conc lus ion ,  that is  to say ,  

the gametophyte  a c c o r d i n g  to the complex  type and 

the sporophyte  acco rd ing  to i s o g a m o u s  o r  h e t e r o g a -  

mous  plant give toge the r  the t e t r a d  populat ion.  

As we know the s e g r e g a t i o n  of the potent ia l ly  a c -  

t ive ,  i nac t ive  and empty  m i c r o s p o r e s  in the t e t r a d s ,  

we a r e  led to in t roduce  a c o r r e c t i o n  in the Dar l ing ton  

hypothes is  (1931) which was taken up by Ca tches ide  

(1940) .  These  au thors  show that exchanges  at the l e v -  

el of  the homologous  d i f fe ren t i a l  s e g m e n t s  do not take 

p l a c e .  This i s  c o n f i r m e d  by the e x i s t e n c e  of the di type 

t e t r ad s  with ac t i ve  and inac t ive  m i c r o s p o r e s  which 

o r i g i n a t e  f r o m  m e i o s i s  without exchange  on any of the 

four t een  c h r o m o s o m e  a r m s .  But our  t e t r ad  ana lys i s  

shows that the h indrance  to the exchange  is  not abso -  

lute ,  as  the monotype t e t r a d s  with potent ia l ly  le thal  

m i c r o s p o r e s  o r ig ina t e  f r o m  m o t h e r  ce l l s  in which, 

at the pachytene  s t age ,  exchanges  a r e  made between 

the homologous  d i f f e ren t i a t ed  s e g m e n t s .  If the r e -  

combined  c o m p l e x e s  were  not e l im ina t ed  in the e m p -  

ty g r a i n s ,  the cy to log ica l  m e c h a n i s m  would be insu f -  

f ic ien t  by i t s e l f  to avoid  the b reak ing  up of the c o m -  

p l e x e s .  T h e r e f o r e  the pol len l e tha l i ty  t oge the r  with 

the cy to log ica l  m e c h a n i s m  main ta ins  the f ac to r i a l  

l inkage  of the c o m p l e x .  
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