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Sporophytic Recognition of Pollen S Alleles in the 
Gametophytic Self-Incompatibility System of Nemesia strumosa Benth. 1 
R . J .  Henny and P . D .  Asche r  
Depar tmen t  of Hor t i cu l tu ra l  Science,  Univers i ty  of Minnesota ,  St.  Paul  (USA) 

S u m m a r y .  Several  seed l ings  of Nemesia Btr~mosa with va r ious  l eve l s  of p seudo - se l f - compa t ib i l i t y  (PSC)of t en  
produced more  seed  af ter  se l f  pol l ina t ion  than when pol l ina ted  us ing pol len f rom incompat ib le  p lants  bear ing  
the s a m e  S a l l e l e s .  Sporophytic recogni t ion  of se l f  pollen apparen t ly  i n c r e a s e s  PSC leve l s  above those a t t r i b -  
utable to modifying genes  which i n t e r f e r e  with no rma l  s t y l a r  ac t iv i ty .  

In t roduct ion  

Self incompat ib i l i ty  p romotes  genet ic  d ive r s i ty  in 

p lants  by preven t ing  se l f  f e r t i l i za t ion  even though an 

individual  conta ins  functional  ovules  and pol len .  G a m -  

etophytic and sporophyt ic  se l f  incompat ib i l i ty  a re  two 

types  of incompat ib i l i ty  s y s t e m s  exis t ing  in h o m o m o r -  

phic f lowering a n g i o s p e r m s .  Both s y s t e m s  depend on 

a s e r i e s  of a l l e l e s  at the S locus  to control  the i n -  

compat ib i l i ty  r eac t i on .  In the gametophyt ic  s e l f - i n -  

compat ib i l i ty  sy s t em (Eas t  and Mangelsdorf  1925), 

the p a r t i c u l a r  S a l le le  in the pol len g ra in  d e t e r m i n e s  

spec i f i c i ty .  Matching speci f ic i ty  between the S a l le le  

in the haploid pol len tube with e i the r  of the two in the 

diploid s ty le  inhibi ts  n o r m a l  pol len tube growth.  Slow 

growing pol len tubes r a r e l y  t r a v e r s e  over  half  the 

total s t y l a r  length in the t ime  needed to i n s u r e  f e r t i -  

l i za t ion .  In the sporophyt ic  sy s t em (Hughes and Bab-  

cock 1950 ; Gers te l  1950), pol len spec i f ic i ty  is  d e t e r -  

mined  by the S genotype of the diploid pol len p roduc-  

ing pa ren t ,  r e g a r d l e s s  of the individual  S a l le le  c a r -  

r i ed  in the pol len g r a i n .  Matching ident i ty  between 

e i the r  o r  both of the two pol len spec i f ic i t i es  with 

e i the r  o r  both of the two s t y l a r  spec i f i c i t i e s  r e su l t s  

in fa i lu re  of the pol len tubes to pene t r a t e  the s t i g m a t -  

ic s u r f a c e .  

P s e u d o - s e l f - c o m p a t i b i l i t y  (PSC) occur s  when 

p lants  with a funct ional  s e l f - i ncompa t ib i l i t y  sy s t em 

yield  seeds  following se l f  po l l ina t ion .  PSC leve l s  

a r e  usua l ly  low but can reach  leve ls  approaching 

t rue  se l f  compat ib i l i ty .  This ineff ic iency of the in -  

compat ib i l i ty  m e c h a n i s m  has been a t t r ibu ted  to 
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polygenic modifying genes  inhibi t ing S gene ac t iv i ty  

(Atwood 1942; Mather  1943; Denward 1963; Taka-  

hashi 1973). In Nemesia etr~mosaj where the gameto -  

phytic s y s t e m  of se l f  incompat ib i l i ty  opera tes  (Ri -  

ley 1933), we found p rogen ies  conta in ing  individuals  

e x p r e s s i n g  leve ls  of PSC ranging  f rom none o r  

sl ight to those r e s e m b l i n g  se l f  compat ib i l i ty .  This 

phenomenon was a s ty l a r - cond i t i oned  effect as p lants  

with high leve ls  of PSC set  no seed when c r o s s e d  as  

male  with t e s t e r  p lants  of the s a m e  S genotype (Hen-  

ny and Asche r  1976). 

Although p seudo - se l f - compa t ib l e  n e m e s i a s  bore  

pol len with a functional  incompat ib i l i ty  r eac t ion ,  

o f ten t imes  the se l f  seed yield of an individual  was 

higher  than the seed set  f rom c r o s s e s  involving in -  

compat ib le  male  p lants  bear ing  the s a m e  S a l l e l e s .  

If PSC in Nemesia was indeed s imply  s ty l a r  cond i -  

t ioned,  then se l f  and c r o s s  pol l inat ion with ma les  of 

the s ame  S genotype should produce n e a r l y  ident ical  

seed s e t s .  F o r  example ,  an $2. 3 plant  s e e m e d  l e s s  

able to prevent  fe r t i l i za t ion  by i ts  own pol len than 

by pollen f rom other  incompat ib le  $2 .2 ,  $3. 3 or  

$2.3  p lan t s .  It is  as though ident ical  S a l l e l e s  f rom 

sepa ra t e  p lants  have sporophyt ic  d i f fe rences  which 

a re  somehow recognized  in the s ty le  and s e r ve  as the 

bas i s  for enhancement  or  reduct ion  of the gametophyt -  

ic incompat ib i l i ty  r eac t i on .  We f i r s t  not iced the dif-  

f e r ences  between se l f  and t e s t e r  c r o s s  se t s  while 

s tudying PSC in Nemesia. The unique na tu re  of the 

r e su l t s  caused  us to inves t iga te  them fu r the r .  

Ma te r i a l s  and Methods 

Nemesia seedl ings  were grown under  cont inuous l igh t -  
ing unti l  n e a r  the f lowering s tage in p las t ic  pots con-  
ta in ing  equal pa r t s  peat moss ,  pe r l i t e  and soft .  A 
n u m e r i c a l  code was given each plant  with the f i r s t  
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two s e g m e n t s  s h o w i n g  t h e  p r o g e n y  c o d e  a n d  t h e  l a s t  
s e g m e n t  t h e  s e e d l i n g  n u m b e r ;  s e e d l i n g  7 3 - 2 0 - 2 8  r e -  
f e r s  to  t h e  28 th  p l a n t  in  p r o g e n y  7 3 - 2 0 .  S o m e  p l a n t s  
( p o p u l a t i o n s  7 3 - 1 ,  7 3 - 1 3  a n d  7 3 - 1 5 )  w e r e  t e s t e d  in  
g r o w t h  c h a m b e r s  h e l d  a t  13"C n i g h t s  a n d  19"C d a y s  
w i t h  a 1 6 - h r  p h o t o p e r i o d  w h i l e  a l l  o t h e r s  w e r e  
t e s t e d  d u r i n g  t h e  f a l l ,  w i n t e r  a n d  s p r i n g  s e a s o n s  in  
g r e e n h o u s e s  h e l d  a t  1 3 ' C  n i g h t s .  F l o w e r s  w e r e  
e m a s c u l a t e d  a n d  p o l l i n a t e d  on  t h e  day  of  a n t h e s i s .  
R i p e  s e e d  p o d s  w e r e  h a r v e s t e d  a n d  s e e d  m a d e .  M o s t  
p l a n t s  w e r e  s e l f  p o l l i n a t e d  5-7  t i m e s  o r  m o r e  w i th  
t e s t e r  c r o s s e s  b e i n g  m a d e  a t  l e a s t  t w i c e  a n d  o f t e n  
5 -7  t i m e s  a l s o .  T h r o u g h o u t  t h i s  p a p e r  t h e  t e r m  t e s t -  
e r  c r o s s  wi l l  r e f e r  to  t e s t e r  p l a n t s ,  of  k n o w n  S g e n -  
o t y p e ,  u s e d  a s  m a l e  o n  i n d i v i d u a l s  w h i c h  c o n t a i n e d  
t h e  s a m e  S a l l e l e s .  T e s t e r  p l a n t s ,  b o t h  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  f o r  S a l l e l e s ,  w e r e  s e l e c t e d  f o r  
t h e i r  s t r o n g  i n c o m p a t i b i l i t y  r e a c t i o n .  The m e a n  s e e d  
s e t  w a s  c o m p u t e d  f o r  e a c h  t y p e  of  p o l l i n a t i o n .  C h i -  
s q u a r e  t e s t s  w e r e  c o n d u c t e d  to t e s t  t h e  h y p o t h e s i s  
t h a t  m e a n  s e l f  a n d  t e s t e r  c r o s s  s e e d  s e t s ,  f r o m  e a c h  
t y p e  of  t e s t e r  u s e d ,  w e r e  e q u a l .  D i f f e r e n c e s  a t  t h e  
95 .0% l e v e l  w e r e  c o n s i d e r e d  s i g n i f i c a n t .  

R e s u l t s  

A s u m m a r y  of  C h i - s q u a r e  t e s t  r e s u l t s  f o r  e a c h  of  14 

p r o g e n i e s  ( T a b l e  1) a n d  a s a m p l e  of  s e e d l i n g s  s h o w -  

ing  t y p i c a l  d i f f e r e n c e s  ( T a b l e s  2 - 4 )  a r e  g i v e n .  C h i -  

s q u a r e  t e s t s  s h o w e d  a s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  

s e l f  a n d  t e s t e r  c r o s s  s e e d  s e t s  in  95 of  t h e  274 p l a n t s  

t e s t e d .  A m o n g  t h o s e  95 p l a n t s  t h e r e  w e r e  142 c o m -  

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

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

s e t  w a s  s i g n i f i c a n t l y  l e s s  t h a n  s e l f  in  137 of  t h o s e  

cases. 

Of t h e  95 p l a n t s  w i t h  s i g n i f i c a n t  d i f f e r e n c e s ,  84 

w e r e  $ 2 .  3 s e e d l i n g s  s p a c e d  t h r o u g h o u t  6 p o p u l a t i o n s  

(Table 2). Each of the plants had been tested with 

$2.2, $3. 3 and $2. 3 testers. Paired comparisons 

of the $2.2 tester with the self seed set (Table 2) 

showed that in 56 of 64 cases there was a significant 

difference. Tester crosses with $3. 3 and $2. 3 test- 

ers were significantly different than selfs 22 and 34 

of 64 times respectively. In only 5 instances, once 

with $2.2 and $3.3 testers and 3 times with $2.3 

testers, did the tester cross seed set significantly 

exceed selfs (Table 2) �9 

In p o p u l a t i o n  7 3 - 1 ,  6 of  11 s e e d l i n g s  p r o d u c e d  

s i g n i f i c a n t l y  l e s s  s e e d s  w h e n  a n  $ 3 . 3  t e s t e r  was  u s e d  

a s  m a l e ,  c o m p a r e d  to s e l l s  ( T a b l e  3 ) .  Two s e e d l i n g s  

( 7 3 - 1 - 1  a n d  7 3 - 1 - 4 )  w e r e  c r o s s e d  w i th  o n e  $ 2 .  2 

p l a n t  ( 7 2 - 4 - 3 )  to  g i v e  p r o g e n i e s  7 3 - 1 3  a n d  7 3 - 1 5  

r e s p e c t i v e l y .  P r o g e n y  7 3 - 1 3  y i e l d e d  4 of  9 a n d  

p r o g e n y  7 3 - 1 5  p r o d u c e d  5 of  11 $ 2 .  3 s e e d l i n g s  

T a b l e  1. A s u m m a r y  of  C h i - s q u a r e  t e s t  r e s u l t s ,  i n  14 
s e p a r a t e  p r o g e n i e s ,  s h o w i n g  t h e  n u m b e r  of  Ss .z ,  Sz.3 
a n d  S3.a Nemesia s e e d l i n g s  w i t h  s i g n i f i c a n t  d i f f e r e n c e s  
b e t w e e n  t h e i r  m e a n  s e l f  a n d  t e s t e r  c r o s s  s e e d  s e t s  

P o p u l a t i o n  

S G e n o t y p e  a n d  
N u m b e r  of  P l a n t s  N u m b e r  of  P l a n t s  
T e s t e d  w i t h  a S i g n i f i c a n t  

Sz.2 Sz.~ Sa.3 D i f f e r e n c e  a 

7 3 - 1  - - 1I 6 
7 3 - 1 3  - 9 - 4 
7 3 - 1 5  - 11 - 5 
7 4 - 4  6 - - 2 
7 4 - 4  - - 12 1 
7 4 - 4  - 18 - 7 
7 4 - 5  - 42 - 23 
7 4 - 6  - 35 5 
7 4 - 7  - 16 0 
7 4 - 8  - - 14 2 
7 4 - 9  - 17 14 
7 4 - 1 2  - 6 0 
7 4 - 1 5  - 19 8 
7 4 - 1 6  - 12 2 
7 4 - 1 7  - 10 6 
7 4 - 1 7  19 - - 2 
7 4 - 1 8  - 8 1 
7 4 - 1 8  9 - 7 

T o t a l s  25 204 45 95 

a S i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  95 % l e v e l .  

w i th  s i g n i f i c a n t l y  l e s s  s e e d s  f r o m  $ 2 . 2  a n d  $ 3 . 3  

t e s t e r s  t h a n  s e l f s  ( T a b l e  4 ) .  In 2 of  18 c o m p a r i -  

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

w e r e  f o u n d ,  o n e  of  t he  two h o m o z y g o u s  t e s t e r  c r o s -  

s e s  d id  e x c e e d  s e l f  s e e d  s e t  ( T a b l e  4)  bu t  e a c h  t i m e  

t h e  l a r g e r  t e s t e r  c r o s s  s e e d  s e t s  w e r e  no t  s i g n i f i -  

c a n t l y  d i f f e r e n t  f r o m  t h e  s e l f  w h i l e  t h e  l o w e r  s e e d  

s e t s  w e r e .  

One  $2 .  3 s e e d l i n g  ( 7 3 - 2 0 - 3 4 ) a v e r a g e d  4 2 . 6  

s e e d s  p e r  s e l f i n g .  H o w e v e r ,  s e e d  s e t  w i th  $ 2 . 2  t e s t -  

e r s  w a s  a s i g n i f i c a n t l y  l e s s  2 0 . 7  s e e d s  w h i l e  $ 3 .  3 

t e s t e r s  a v e r a g e d  2 8 . 8  s e e d s  w h i c h  w a s  not  s i g n i f i -  

c a n t l y  d i f f e r e n t  f r o m  s e l f  s e t .  An  S 3.  3 s e e d l i n g  

( 7 4 - 1 - 5 )  h a d  a m e a n  of  4 0 . 2  s e e d s  p e r  s e l f  p o l l i n a -  

t i o n  but  a s i g n i f i c a n t l y  l e s s  1 2 . 0  s e e d s  w i t h  $ 3 .  3 

t e s t e r s .  One  o r  t h e  o t h e r ,  o r  b o t h  p l a n t s  w e r e  a 

p a r e n t  in  s e v e r a l  of  t h e  p r o g e n i e s  in  t h i s  s t u d y  ( p r o -  

g e n i e s  7 4 - 4 ,  7 4 - 5 ,  7 4 - 6 ,  7 4 - 8 ,  7 4 - 1 5 ,  7 4 - 1 7  a n d  

7 4 - 1 8 ) .  

D i s c u s s i o n  

The  P S C  we o b s e r v e d  in  Nemesia s t ~ v n o s a  i s  no t  s o l e -  

ly  c a u s e d  by  m o d i f y i n g  g e n e s  r e d u c i n g  t h e  l e v e l  o f  

s t y l a r  a c t i v i t y  in  t h e  s e l f - i n c o m p a t i b i l i t y  r e a c t i o n .  
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Tab le  2. The m e a n  s e e d  s e t s  o f  Nemesia s e e d l i n g s ,  f r o m  s i x  p r o g e n i e s ,  wh ich  s h o w e d  s i g n i f i c a n t  d i f f e r e n c e s  b e -  
t w e e n  s e l f  a n d  t e s t e r  c r o s s  s e e d  s e t s  ( d e t e r m i n e d  by C h i - s q u a r e  t e s t s ) ,  All  s e e d l i n g s  w e r e  Ss.e and  w e r e  t e s t e d  
wi th  S~.2, Sa.3 and  $2.3 testers 

Type o f  T e s t e r  ( M a l e )  Type o f  T e s t e r  ( M a l e )  

S e e d l i n g  S e l f  $ 2 . 2  $ 3 . 3  $ 2 . 3  S e e d l i n g  S e l f  $ 2 . 2  $ 3 . 3  $ 2 . 3  

7 4 - 4 - 5  3 5 . 0  7 . 3  ~ 2 1 . 7  4 4 . 3  7 4 - 9 - 1 6  15 .6  
7 4 - 4 - 1 1  3 4 . 4  24 .0  34 .0  57 .5  b 7 4 - 9 - 1 8  37 .3  
7 4 - 4 - 1 2  3 7 . 4  10 .5  ~ 2 3 . 2  18 .3  ~ 7 4 - 9 - 1 9  25 .1  
7 4 - 4 - 1 9  6 0 . 7  11 .3  a 4 8 . 8  4 6 . 7  7 4 - 9 - 2 1  10 .7  
7 4 - 4 - 3 3  4 1 . 5  19 ,3  ~ 3 0 . 7  ~ 2 1 . 5  ~ 7 4 - 9 - 2 2  16 .0  
7 4 - 4 - 3 4  4 1 . 6  21 .8  ~ 4 7 . 3  5 4 . 5  7 4 - 9 - 2 3  5 . 4  
7 4 - 4 - 4 1  4 0 . 0  15 .5  ~ 4 9 . 5  4 7 . 0  7 4 - 9 - 2 6  18 .2  

7 4 - 9 - 2 7  20 .6  
7 4 - 5 - 6  45 .6  1 7 . 5  ~ 3 6 . 8  2 9 . 2  7 4 - 9 - 2 8  13 .6  
7 4 - 5 - 7  33 .3  15 .5  a 4 1 . 8  17 .0  a 7 4 - 9 - 3 0  4 .1  
7 4 - 5 - 9  4 1 . 1  11 .3  a 3 2 . 5  19 .0  a 
7 4 - 5 - 1 0  55 .1  3 4 . 2  ~ 2 4 . 0  ~ 52 .0  
7 4 - 5 - 1 3  6 0 . 9  2 8 . 5  ~ 4 9 . 5  4 6 . 0  
7 4 - 5 - 1 4  42 .6  19 .7  a 3 1 . 0  3 0 . 8  
7 4 - 5 - 1 8  3 8 . 4  3 3 . 0  2 6 . 0  17 .3  a 
7 4 - 5 - 1 9  19 .8  9 . 0  a 4 0 . 0  b 2 4 . 8  
7 4 - 5 - 2 0  51 .0  3 4 . 0  26 .8  a 24 .0  ~ 
7 4 - 5 - 2 5  58 .9  17 .0  a 4 3 . 8  2 4 . 0  ~ 
7 4 - 5 - 2 6  58 .2  19 .0  a 2 2 . 2  a 3 3 . 2  a 
7 4 - 5 - 2 8  4 6 . 8  7 . 5  ~ 4 0 . 7  4 4 . 0  
7 4 - 5 - 2 9  5 7 . 4  2 9 . 2  a 2 8 . 2  a 4 9 . 2  
7 4 - 5 - 3 1  51 .5  2 7 . 5  ~ 3 3 . 5  3 9 . 0  
7 4 - 5 - 3 2  59 .1  12 .4  a 2 3 . 8  a 19 .8  a 
7 4 - 5 - 3 7  61 .1  3 6 . 0  a 3 7 . 7  ~ 3 7 . 2  a 
74-  5-38 6 2 . 0  2 8 . 2  a 4 6 . 2  4 8 . 0  
7 4 - 5 - 4 2  3 1 . 5  10 .0  a 11 .5  a 2 1 . 8  
7 4 - 5 - 4 3  43 .1  20 .0  a 35 .0  2 9 . 3  
7 4 - 5 - 4 4  55 .6  2 5 . 5  a 53 .5  3 7 . 2  
7 4 - 5 - 4 5  4 5 . 7  25 .0  ~ 4 6 . 5  4 5 . 8  
7 4 - 5 - 4 7  3 0 . 0  8 . 5  a 28 .8  23 .3  a 
7 4 - 5 - 4 8  6 0 . 8  2 7 . 5  ~ 5 3 . 8  4 6 . 6  

7 4 - 9 - 7  18 .2  0 . 3  a 2 0 . 5  3 . 0  a 
7 4 - 9 - 1 1  14 .9  0 . 5  ~ 1 .7  a 1 .2  a 
7 4 - 9 - 1 3  27 .1  4 . 0  ~ 24 .8  2 9 . 5  
7 4 - 9 - 1 4  10 .3  0 . 0  ~ 5 .0  4 . 8  

0 . 2  ~ 9 . 5  1 3 . 2  
I I . 0  ~ 3 2 . 7  1 3 . 2  a 

6 . 5  a 8 . 3  ~ 12 .2  a 
0 . 0  ~ 1 .2"  3 .2"  
0 • 4 ~ 2 0 . 2  1 9 . 2  
4 . 0  1 5 . 2  b 13 .0  
2 .8  ~ 2 0 . 0  11.2 
3 .7  a 2 5 . 4  8 . 4  
0 . 8  a 4 . 5 "  3 . 8  ~ 
0 . 0  a 7 . 0  6 . 6  

7 4 - 1 5 - I  0 . 0  0 . 0  5 . 5  b 0 . 0  
7 4 - 1 5 - 2  6 . 6  0 . 2  a 5 .2  0 . 0 "  
7 4 - 1 5 - 3  11 .3  6 . 8  ~ 0 . 0 "  2 .8"  
7 4 - 1 5 - 4  17 .3  1 .0  ~ 15 .5  12 .0  
7 4 - 1 5 - 8  2 1 . 8  4 .5"  1 1 . 2  1 . 7  a 
7 4 - t 5 - 1 2  10 .5  2 .5"  12 .0  1 .0  a 
7 4 - 1 5 - 1 6  3 5 . 9  15.3"  3 9 . 2  17 .8  
7 4 - 1 5 - 2 2  4 . 4  2 3 . 5  b 1 1 . 5  0 . 0 "  

7 4 - 1 7 - 1  9 . 3  1 .3  a 0 . 6 "  1 .1"  
7 4 - 1 7 - 1 3  17 .4  5 .0  a 19 .7  7 .4"  
7 4 - 1 7 - 1 7  14 .0  2 . 9  a 12 .4  1 .0"  
7 4 - 1 7 - 1 9  16 .6  2 .1a  9 . 2  a 5 .9  a 
7 4 - 1 7 - 2 2  20 .0  2 .4"  11 .3  2 .5"  
7 4 - 1 7 - 2 5  2 2 . 6  6 . 6  a 4 .  Oa 6 . 2  a 

7 4 - 1 8 - 7  20 .0  3 .3  a 8 .9"  14 .0  
7 4 - 1 8 - 8  37 .1  10 .1  a 39 .3  13 .7  a 
7 4 - 1 8 - 1 2  4 0 . 9  7 .6"  15.8"  16.8"  
7 4 - 1 8 - 1 4  5 8 . 5  6 . 2  a 14 .0  a 12 .0  a 
7 4 - 1 8 - 1 5  6 . 9  1 .4  11 .0  1 .0"  
7 4 - 1 8 - 1 7  39 .1  8 .7"  2 7 . 0  12 .4  a 

S i g n i f i c a n t l y  l e s s  t h a n  s e l f  a t  the  95 g l e v e l .  
S i g n i f i c a n t l y  g r e a t e r  t h a n  s e l f  a t  t he  95 ~ l e v e l .  

Whi le  r e d u c t i o n  in  s t y l a r  a c t i v i t y  d o e s  a c c o u n t  f o r  

v a r i o u s  l e v e l s  of  P S C ,  e s p e c i a l l y  when  m e a s u r e d  

by c r o s s e s  wi th  m a l e s  of  i d e n t i c a l  S g e n o t y p e ,  e s t i -  

m a t e s  of  s e l f  s e e d  y i e l d  a r e  i n f l a t e d  by i n c r e a s e d  

s e e d  p r o d u c t i o n  on  c e r t a i n  i n d i v i d u a l s  a b l e  to s p o r o -  

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

i n d i v i d u a l s  a p p e a r  to be  m o r e  c a p a b l e  o f  c a r r y i n g  

out t he  s e l f - i n c o m p a t i b i l i t y  r e a c t i o n  wi th  m a t c h i n g  

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

l e l e s  f r o m  s e l f  p o l l i n a t i o n .  H i g h - t e m p e r a t u r e - i n -  

d u c e d  PSC ( C a m p b e l l  and  A s c h e r  1972) s h o u l d  not  

h a v e  b e e n  a f a c t o r  in t he  cool  g r e e n h o u s e s  o r  g r o w t h  

c h a m b e r .  S i m i l a r l y ,  t e s t e r  c r o s s  r e s u l t s  r u l e  out  

t he  p r e s e n c e  of  p o l l e n - p a r t  o r  s t y l a r - p a r t  m u t a n t s  

o r  Sf  a l l e l e s  ( H e n n y  and  A s c h e r  1976) .  

A c c o r d i n g  to d i f f e r e n t  g e n e  a c t i o n  m o d e l s  ( A s c h e r  

1966; L e w i s  1965) ,  t h e  i n c o m p a t i b i l i t y  s u b s t a n c e  m a y  

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

c u l e s  ( e i t h e r  m o n o m e r  o r  d i m e r ) ,  one  e a c h  f r o m  the  

s t y l e  and  p o l l e n .  The key  to the  r e a c t i o n  i s  t he  s u c c e s s -  

ful j o i n i n g  of  the  h a l f - r e p r e s s o r s  in to  t h e  f u n c t i o n a l  

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

c o n d i t i o n e d  PSC c o u l d  be  c a u s e d  by g e n e t i c  f a c t o r s  

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

c o m p a t i b i l i t y  s u b s t a n c e ,  i t s  s e c r e t i o n  in to  t he  s t y l e ,  

o r  i t s  t r a n s p o r t  in to  t he  p o l l e n  t u b e .  B e c a u s e  o f  d e f i -  

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

would  be  f o r m e d  l e a d i n g  to P S C .  

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

b i l i t y  o f f e r  an  e x p l a n a t i o n  f o r  t h e  a p p a r e n t  s p o r o p h y t -  

ic  r e c o g n i t i o n  of  s e l f  p o l l i n a t i o n  we  o b s e r v e d  in  

Nernes~a. T h e s e  m o d e l s  ca l l  f o r  a p o l y m e r i z a t i o n  of  

s i m i l a r  m o n o m e r s  to e x p l a i n  r e c o g n i t i o n ,  but t h i s  

p o l y m e r  m u s t  f u n c t i o n  a s  a r e p r e s s e r .  S m a l l  e r r o r s  
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Table 3. The C h i - s q u a r e  t es t  r e s u l t s  c o m p a r i n g  the 
equal i ty  of mean seed  se t s  f rom se l f  and t e s t e r  c r o s s  
pol l ina t ions  on 11 $3.3 Nemesia seed l ings  in progeny 
73-1 

S 3.3 Tes t e r  

Seedl ing No. Self  as  Male P 

1 21.7 8 .0  0 . 0 2 5 - 0 . 0 1  
2 14.4 7 .3  0 .25  - 0 . 1 0  
3 1.4 1.0 0 .90  - 0 . 7 5  
4 16.0 3.7 0 .01  - 0 . 0 0 5  
5 13.1 1.8 0 .005  
6 ~[4.2 7 .0  0 .25  - 0 . 1 0  
7 13.0 1.7 0 .005  
8 15.1 5.0 0 . 0 2 5 - 0 . 0 1  
9 11.7 10.0 0 . 7 5  - 0 . 5 0  

11 16.1 3.6 0 .005  
12 4.1 2.2 0 .50  - 0 . 2 5  

Table 4. The C h i - s q u a r e  t es t  r e s u l t s  c o m p a r i n g  the 
equal i ty  of mean  seed  se t s  f r o m  se l f  and t e s t e r  c r o s s  
pol l ina t ions  on 9 $2.3 Nemesia seed l ings  in populat ion 
73-13 and 11 S2.s seed l ings  in populat ion 73-15 

$2.  2 $3 .3  
Seedl ing Self  T e s t e r  T e s t e r  P 

as  Male as Male 

73-13-1 1.3 0 .0  0 .0  0 .25  - 0 . 1 0  
73-13-2  0 .5  1.0 0 .3  0 .90  - 0 . 7 5  
73-13-3  18.4 0 .0  3.0 0 .005  
73-13-4  10.1 0 .0  6.3 0 .25  - 0 . 1 0  
73-13-5  0 .0  0 .0  0 .0  0 .995  
73-13-6 14.2 0 .5  20.5  0 .005  
73-13-7 14.0 0 .7  2.0 0 .005  
73-13-8 1.0 0 .5  0 .0  0 .50  - 0 . 2 5  
73-13-9 14.0 0 .0  5.6 0 .005  

73-15-1 14.8 0 .0  0 .0  0 .005  
73-15-2  13.7 0 .0  12.8 0 .005  
73-15-3 0 .9  0 .0  0 .0  0 .50 - 0 . 2 5  
73-15-4  10.8 7 .5  5.8 0 .50 - 0 . 2 5  
73-15-5  7.8 10.4 0 .0  0 .01 - 0 .005  
73-15-6  5.0 0 .0  1.0 0 .05  - 0 . 0 2 5  
73-15-7  2.0 0 .0  1.8 0 .50  - 0 . 2 5  
73-15-8 2.8 0 .0  0 .7  0 .25  - 0 . 1 0  
73-15-9  1.2 0 .0  0 .0  0 .50  - 0 . 2 5  
73-15-10 0 .0  0 .0  0 .0  0 .995  
73-15-11 2 .5  0 .0  0 .0  0 . 0 2 5 - 0 . 0 1  

in the syn thes i s  of these  m o n o m e r s  might  h inder  t he i r  

abi l i ty  to join,  o r  if  jo ined may affect  the r egu l a to ry  

function of  the p o l y m e r .  If gene t i ca l ly  d e t e r m i n e d ,  

these  s m a l l  e r r o r s  should o c c u r  in both the po l l en -  

and the s t y l a r - p o r t i o n s  of  the recogn i t ion  m o l e c u l e s  

for  by both t h e o r i e s ,  pol len and s t y l a r  spec i f i c i ty  a r e  

coded by the s a m e  gene .  Upon se l f  pol l inat ion,  these  

sma l l  e r r o r s  may act  s y n e r g i s t i c a l l y ,  r e su l t i ng  in 

l e s s  functional  r e p r e s s e r  than an incompa t ib l e  out -  

c r o s s .  Then incompat ib le  t e s t e r  c r o s s e s  ( t e s t e r  

plants  as  ma le )  would m e a s u r e  the amount  of  s t y l a r  

condi t ioned PSC in a plant d e t e r m i n e d  by modifying 

genes  o the r  than the S gene and se l f  s eed  se t  above 

this  l eve l  would be due to the s y n e r g i s t i c  e f fec t s  of 

combining  sma l l  s t r u c t u r a l  e r r o r s  o c c u r r i n g  in the 

t r a n s c r i p t i o n  and t r ans l a t i on  of the h a l f - r e p r e s s e r  

m o l e c u l e s  coded by the spec i f i c i ty  (S) gene .  

In e s s e n c e  we a r e  ta lking about a f o r m  of genet ic  

complemen ta t i on .  Smal l  e r r o r s  in the h a l f - r e p r e s s e r  

m o l e c u l e s  of a p a r t i c u l a r  a l l e l e  may be c o m p l e m e n t e d  

by subt le  s t r u c t u r a l  d i f f e r ences  in the h a l f - r e p r e s s e r  

m o l e c u l e s  of the s a m e  a l l e l e  f r o m  a plant with a d i f -  

fe ren t  genet ic  background.  Such complemen ta t ion  

would lead  to a m o r e  ef f ic ien t  incompat ib i l i ty  r e a c -  

t ion and l e s s  PSC.  

We cannot s t a te  conc lus ive ly  that this  phenomenon 

is  l inked to a p a r t i c u l a r  S a l l e l e ,  although a h igher  

f r equency  was a s s o c i a t e d  with the $2 .2  and $2 .3  

genotypes  c o m p a r e d  with $3.3"  The d i f f e r e n c e s  be -  

tween se l f  and t e s t e r  c r o s s  seed  se t  were  usual ly  

r e a l i z e d  in plants  e x p r e s s i n g  a f a i r l y  high l eve l  of 

PSC.  As t e s t e r  c r o s s  s eed  se t s  only r a r e l y  exceeded  

se l f ,  such highly PSC plants  a r e  n e c e s s a r y  for  they 

al low a range  within which d i f f e r ences  can be de t ec t -  

ed .  We a r e  now able to gene ra t e  p rogen ie s  of Nemesia 

with high l e v e l s  of  PSC.  F u t u r e  r e s e a r c h  will  be con-  

ducted to c l a r i fy  the i nhe r i t ance  of  these  d i f f e r e n c e s .  

Our explanat ion of the c u r r e n t  r e s u l t s  may not be the 

only one pos s ib l e ,  but it does  a l low for  d i f fe ren t ia l  

inhibi t ion of  ident ica l  S a l l e l e s ,  f rom s e p a r a t e  p lants ,  

in a s ing le  s ty le .  
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