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S u m m a r y .  P s e u d o - s e l f - c o m p a t i b i l i t y  (PSC)  in Nemesia strumosa was d e t e r m i n e d  by r e c e s s i v e  modify ing  genes  
which i n t e r f e r r e d  with the  n o r m a l  s t y l a r  i n c o m p a t i b i l i t y  r e a c t i o n .  The PSC l e v e l s  r a n g e d  f r o m  none o r  low to 
a m o u n t s  r e s e m b l i n g  full s e l f - c o m p a t i b i l i t y .  PSC wi th in  a p rogeny  could  be m a i n t a i n e d  at low or  h igh l e v e l s  by 
s e l e c t i n g  p a r e n t s  e i t h e r  high o r  low in PSC. Po l l en  f r o m  p lan t s  of any PSC leve l  fa i l ed  to p r o d u c e  s e e d  when 
p l aced  on o t h e r  i n c o m p a t i b l e  s t y l e s  b e a r i n g  the  s a m e  S a l l e l e s .  

Introduction 

Self incompatibility, determined by a single gene, the 

S gene, prevents seed set after self pollination even 

though a plant has functional ovules and pollen. In the 

gametophytic system of self incompatibility (East and 

Mangelsdorf 1925), matching identity between the S 

allele in the haploid pollen tube with either of the two 

in the diploid style inhibits normal growth of that pol- 

len tube. When there is no match between S alleles, 

the pollen tubes grow normally and insure fertilization. 

The self-incompatibility system poses a barrier to 

inbreeding; much work has been done studying ways 

to overcome it. Pollen-part (Lewis 1951, 1961; Lewis 

and Crowe 1954) and stylar-part (Lewis and Crowe 

1954; Pandey 1956) mutants are two types of genetic 

changes within the S-locus which theoretically pre- 

vent its activity and allow plants bearing them to pro- 

duce full complements of seed after self-pollination. 

The presence of Sf alleles (East 1929; Williams and 

Williams 1947; Takahashi 1973) which override the 

S-gene has been reported and similarly results in full 

seed set after selfing. 

Another means of procuring some self seed is by 

pseudo-self-compatibility (PSC). PSC is a phenome- 

non in which plants with a functional incompatibility 

system produce self seeds in amounts ranging from 

an occasional few to levels approaching true self-com- 

patibility. Large  v a r i a t i o n  in the  a m o u n t s  of se l f  t yp i -  

f i es  a p s e u d o - s e l f - c o m p a t i b l e  p lan t .  

~,~ Sc ien t i f i c  J o u r n a l  S e r i e s  P a p e r  N u m b e r  9420 of the  
M i n n e s o t a  A g r i c u l t u r a l  E x p e r i m e n t  S ta t ion .  

Freely segregating modifying genes which inter- 

fere with normal S-gene activity have been proposed 

to explain PSC (Atwood 1942; Denward 1963; Mather 

1943; Takahashi 1973; Williams and Silow 1933). In 

some cases these genes seemed subject to environ- 

mental interaction (Denward 1963) and sometimes 

were additive in effect (Atwood 1942). Environmental 

effects have often been considered a major factor in 

the expression of PSC (Leffel 1971; Stout 1938). Dif- 

ferential self pollen tube growth rates have been asso- 

ciated with different S allele combinations in the style; 

the fastest growth rates occurredwhenthe PSC levels 

were the highest (East 1934; Takahashi 1973). Inter- 

specific crosses of a self-incompatible and a self-com- 

patible species resulted in a progeny with PSC (Mather 

1943). Polygenes from the self-compatible species 

apparently interferred with the polygenic background 

of the self-incompatible species leading to various de- 

grees of PSC. In general, inbreeding has not been a 

successful means of increasing PSC levels (Denward 

1963; Duncan et al. 1973; Taylor et al. 1970; Towns- 

end 1965). 

Nemesia str~aosa, a cool season annual in the Scro- 

phulariaceae with a strong gametophytic self-incompa- 

tibility system (Riley 1933), is a good plant for gene- 

tic studies of self incompatibility. The plants flower 

in 10-12 weeks from seeding. Flowers are borne on 

indeterminant racemes which bloom for several weeks. 

The flowers are easy to emasculate and pollinate after 

which the sepals close over the style providing a bar- 

rier to foreign pollen. Rapid development of seed cap- 
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sules enables one to determine the success or failure 

of a pollination within a few days and in 2-4 weeks seed 

capsules are ripe and ready for harvest. The presence 

of a single seed preserves the seed capsule until ma- 

turity so small seed sets, resulting from rare muta- 

tions in the S gene or low levels of PSC, can be de- 

tected and rescued. We had planned to use Nemesia in 

irradiation experiments to obtain pollen-part mutants 

but the consistent occurrence of PSC often made the 

plants under study difficult to characterize. Detailed 

studies of the genetics of PSC - within a single species 

expressing levels of PSC - from none or low, to those 

approaching true self compatibility are scarce, so we 

began to study the genetics of PSC in Nemesia. 

Materials and Methods 

Growing the Seedlings and Testing for PSC 

Nemesia seeds were soaked overnight on filter paper 
moistened with I00 ppm gibberellic acid and trans- 
ferred to finely milled sphagnum moss. Germination 
occurred within 4-5 days. Seedlings were placed under 
approximately 1200 ft-cd, of constant lighting from in- 
candescent and fluorescent bulbs to speed initial growth. 
At the four leaf stage young plants were potted in 2- 
inch plastic pots in a mixture of equal parts peat moss, 
perlite and soil. They were repotted into 4-inch and 
finally 5 or 6 inch pots. Plants nearing flowering were 
moved to greenhouse sections held at 130 C nights. Pol- 
lination was begun when all the plants in a progeny were 
flowering and in a vigorous state of growth. Crossing 
was done during the fall, winter and spring seasons to 
avoid hot summer weather and its possible effects on 
self seed set (Campbell and Ascher 1972). In place of 
the standard diallele, used to determine S genotypes, 
individual plants were studied using selfing and a se- 
ries of tester crosses. The type of tester crosses and 
their purposes were: I. Crossing as female with a plant 
having at least one S allele different (to determine the 
maximum seed setting ability) ; 2. Crossing recipro- 
cally with incompatible plants of the same S-genotype 
(to look for lack of pollen or stylar activity or new S 
specificities) ; 3. Crossing as female with plants ho- 
mozygous for the S alleles each plant contained (to 
check for differing activity between S alleles in the 
style) ; and, 4. Crossing as male in a compatible com- 
bination (to test for the production of fertile pollen). 
Most plants were self pollinated 5-7 times or more 
and tester crosses, if possible, were made at least 
twice and often 5-7 times or more. The same pollina- 
tion on any one plant was not made more than twice in 
the same day to average the effects of environmental 
variation on seed set. Flowers were emasculated and 
pollinated on the day of anthesis with any unused ones 
removed to avoid contamination. Initially, all stigmas 
were washed before pollination with a pipe cleaner wet- 
ted in tap water, but this practice was eventually dis- 
continued for selfing, and later for all crosses, as no 
evidence of contamination was encountered in the 
screened greenhouses. Seed counts from all pollina- 
tions were recorded and the means computed. The 
percent PSC (% PSC) of a plant was determined by 
dividing its mean self seed set by its average seed set 

from tester crosses as female in compatible combina- 
tions. Histograms were used to show the distribution 
of % PSC among the members of a progeny. Each dia- 
gram lists the progeny code, the cross which gave the 
population and the overall mean % PSC for the progeny. 

Seed Source and Types of Crosses 

Three seedlings, 69NG1 (S3.4) , 69NG2 ($1. 2) and 

69NG3 ($2.3) , were selected from a partial diallele 

involving 39 plants grown from seed purchased from 
the Harry g. Saler Seed Company of Diamondale, Mi- 
chigan. These plants each produced a few seeds from 
only one of several self pollinations. S alleles were 
determined and arbitrarily numbered by diallele 
tests of self and intercross progenies (Campbell and 
Ascher 1972). The selfed progeny of 69NG3 and the 
progeny of 69NG1 x 69NG2 were ancestral to all suc- 
ceeding generations of nemesias used in this study 
(Fig. 1). Seedlings were numerically coded with the 
Ist two numbers representing the population code and 
the last number the seedling number. For example, 
plant 73-20-24 refers to the 24th seedling from popu- 
lation 73-20. 

Individual mean self and compatible cross seed 
sets, % PSC and S genotype of the parental plants are 
listed (Table 1). In general, three main types of cros- 
ses were made to study the inheritance of PSC in Neme- 
sia: 

69NG3 69NGI x 69NG2 

69-3-i0 x 69-3-I (o ~) 69-3-i0 x 69-4-4 (o ~) 

70-374-1 70-301-1 (and) 70-301-6 

~ ~ ~ (74-I) (72-3) (72 4) b 
74-1-5 72-3-9 72-4-3 

(74~8) -(7i~15) (73 3) (74-2) e 
73-3-8 74-2-4 

x 72~4-3 (o ~) | x 70~}74-i (o ~) 

] Sel~: ~(74-4) 74-2-4 x 73-20-33 (~) )74-12 

! IAs Female ~: 
74-2-4 x 73-20-35 (o~)----~74-16 173-20-33---+(74-18) 

. . . . .  74-2-4 ~(74-17) 
aOnly one seedling in this progeny, i 

~As Male X: 

bOnly one seedling in this progeny. 74-I-5----+(74-5) 

73-20-33 ---~( 74 -6) 
eSeedlings served only as a source 73-20-35---+(74-7) 
for $2.2 tester plants and are not 
a part of this study. However, 74-2-4 ~'(74-9) 
seedling 74-2-4 (2.0% PSC) was a B74-1-2----~(B-1) 
parent in several progenies. 

Fig. 1. A lineage of nemesias used studying the inher- 
itance of pseudo-self-compatibility (PSC) in Nemesia 
8tr~mosa 
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T a b l e  1.  T h e  S - g e n o t y p e ,  p e r c e n t  p s e u d o - s e l f - c o m p a t i b i l i t y  ( P S C ) ,  
mean self, cross, and tester-cross seed sets of Nemesia seedlings 
used as parents in crosses to study the inheritance of PSC 

Type of Pollination 

Compatible $2.2 $3.3 
S- y~ Self Cross Tester Tester 

Seedling Genotype PSC as Female as Male as Male 

7 0 - 3 0 1 - 1  2 .3  3 .3  2 .2  67 .0  . . . . . .  
7 0 - 3 0 1 - 6  2 . 3  1.1 0 . 8  70 .1  . . . . . .  
7 2 - 3 - 9  a 2 . 3  - - -  22 .8  . . . . . . . . .  
7 3 - 3 - 8  2 . 3  1 0 0 . 0  2 4 . 4  2 1 . 8  1 5 . 3  2 3 . 2  
7 0 - 3 7 4 - 1  3 . 3  0 . 1  0 . 4  6 9 . 9  . . . . . .  
7 2 - 4 - 3  2 . 2  1 . 0  0 . 4  4 1 . 8  . . . . . .  
7 3 - 2 0 - 3 4  2 . 3  1 0 0 . 0  4 1 . 5  3 9 . 9  2 0 . 7  2 8 . 8  
7 4 - 1 - 5  3 . 3  7 5 . 0  4 0 . 2  5 3 . 6  - - -  1 2 . 0  
7 3 - 2 0 - 3 3  3 . 3  0 . 0  0 . 0  3 9 . 0  . . . . . .  
7 3 - 2 0 - 3 5  3 . 3  4 5 . 1  3 1 . 1  6 9 . 0  - - -  3 . 7  
7 4 - 2 - 4  2 . 2  2 . 0  0 . 8  4 0 . 6  0 . 4  - - -  
B 7 4 - 1 - 2  ~ - - -  0 . 0  0 . 0  6 1 . 3  . . . . . .  

Compatible cross seed set data lacking for this plant 
b S-alleles not determined but can be labeled as S 

x.y 

3 
1. Low level PSC plants (0.0-3.3 %) were selfed 

and intercrossed ; 2 
2. Highly PSC plants (75.0-100.0 Z) were selfed I 

and intercrossed; 
3. Highly PSC plants were crossed with plants low 0 

in PSC. Several crosses of each type were made. 0 0 I0 

PROGENY = 70-301 

PARENTS = 69-3-~0 x69-4-4 (Q~) 

OVERALL MEAN PSC = 2.0% 

20 30 40  50 60 70 80 90 I00 
% PSC 

Results 

Inbreeding 

The four seedlings in I 0 population 70-301 (Fig.2) had 

an overall mean PSC level of 2.0 %. Seedling 70-301-1, 

72-3-9 and 73-3-8 yielded 11 (72-3), 12 (73-3) and 13 

(73-19) progenies respectively in which the overall 

mean PSC level went from 19.3 % to 34.8 % to 70.1% 

(Fig. l and 2). In 13 progeny 73-19, 7 of 14 seedlings 

were above 90.0 % PSC while the other 7 ranged be- 

tween 0.0 % and 70.0 % PSC. Due to loss of vigor, plant 

size and an approximate 50.0 % or more reduction in 

maximum seed setting ability in the 13 's, an 14 prog- 

eny was not grown. 

High • Low and Low • Low Crosses 

A 100.0 % PSC 12 plant (73-3-8) crossed with an 0.1% 

plant (70-374-1) gave 31 seedlings (population 73-20) 

with an overall mean PSC level of 14.5 % and when 

c r o s s e d  w i t h  a 1 . 0  % P S C  p l a n t  ( 7 2 - 4 - 3 )  g a v e  11 s e e d -  

l i n g s  ( p o p u l a t i o n  7 3 - 2 2 )  w i t h  6 . 9  % P S C  ( F i g .  3 ) .  T h i s  

w a s  a d r a m a t i c  d r o p  i n  P S C  c o m p a r e d  to  t h e  13 p r o g -  

e n y  ( 7 3 - 1 9 )  f r o m  7 3 - 3 - 8  ( F i g . 2 ) .  In  t h e  p r o g e n i e s  

PROGENY = 72-3 

PARENTS = 70-301-1 

OVERALL MEAN PSC = ]9,3% 

0 03 
I-- 0 I0 20 30 40 50 60 70 80 90  I00 

Z % PSC <[ 
d 
~.. 3 ~ PROGENY : 73-3 

h 2 J ~ _ ~  PARENTS = 72-3-9 (~ 

O I OVERALL MEAN PSC= 34.8% 

n o  I 1 
laJ 0 I0 20 30 40  50 60 70 80 90 I00 
rn 

% PSC 

Z 7  

6 PROGENY= 73-19 

5 PARENTS = 73-3-8 (~ 

4 OVERALL MEAN PSC= 70.1% 

3 

2 

0 0 I0 20  30 40  50 60 70 80  90 I00 

% PSC 

Fig. 2. Frequency distribution of % PSC in four popu- 
lations of Nemesia s t ~ o s a  representing Io ( 7 0 - 3 0 1 ) ,  
11 (72-3), 12 (73-3) and Is (73-19) generations 
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PROGENY = 73-22 

PARENTS= 73 -3 -8  x 7 2 - 4 - 2  (0 ~) 

OVERALL MEAN PSC = 6 ,9% 
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% P S C  

F i g . 3 .  F r e q u e n c y  d i s t r i b u t i o n  of % PSC in  two p o p u l a -  
t i o n s  of  Nemesia strumosa f r o m  c r o s s e s  of  a 1 0 0 . 0  % 
PSC p l an t  ( 7 3 - 3 - 8 )  wi th  a 0 . 1 %  PSC p l a n t  ( 7 0 - 3 7 4 - 1 )  
and  a 1 . 0  % PSC p l an t  ( 7 2 - 4 - 3 )  

f r o m  s e l f i n g  7 0 - 3 7 4 - 1  a nd  7 2 - 4 - 3  ( F i g .  4 ) ,  t h e  o v e r a l l  

m e a n  PSC w a s  1 4 . 1 %  a n d  4 . 2  % r e s p e c t i v e l y .  W h e n  

t h e s e  two p l a n t s  w e r e  i n t e r c r o s s e d ,  7 0 - 3 7 4 - 1  a s  f e -  

m a l e ,  19 s e e d l i n g s  ( p r o g e n y  7 3 - 2 1 )  y i e l d e d  a m e a n  

PSC v a l u e  of on ly  4 .6  % ( F i g .  4 a n d  T a b l e  2 ) .  F o u r  of  

t h e  i n b r e d s  f r o m  7 0 - 3 7 4 - 1  h a d  PSC l e v e l s  g r e a t e r  t h a n  

2 0 . 0  % but  n o n e  o c c u r r e d  a b o v e  t h i s  l e v e l  w h e n  7 2 - 4 - 3  

w a s  s e l f e d  ( F i g .  4 ) .  S i m i l a r l y  none  of  t h e  o f f s p r i n g  i n  

p o p u l a t i o n  7 3 - 2 2  o r  7 3 - 2 1  w e r e  a b o v e  3 0 . 0  % PSC but  

f o u r  s u c h  p l a n t s  w e r e  p r e s e n t  in  p o p u l a t i o n  7 3 - 2 0  ( F i g .  

3 a n d  4 ) .  W h e n  c r o s s i n g  a p l a n t  low in  PSC wi th  one  

h i g h ,  o r  a n o t h e r  low,  t h e  m a j o r i t y  of  t h e  o f f s p r i n g  

w e r e  in  t h e  0 . 0 - 1 0 . 0  % PSC c l a s s .  

High • High Crosses 

Selfing a 100.0 % PSC plant (73-20-34) produced pop- 

ulation 74-4 consisting of 39 seedlings with an overall 

mean PSC level of 83.3 % (Fig. 5 and Table 3). The 14 

seedlings of population 74-8, obtained by selling a 

75.0 % PSC plant (74-1-5), averaged 71.4 % PSC ever- 

all (Fig. 5 and Table 3). Intererossing these two plants, 

74-1-5 as female, gave 42 seedlings (progeny 74-5) 

which had an overall mean PSC value of 84.2 % (Fig.6 

and Table 3). Only one plant in populations 74-4, 74-5 

and 74-8 had a level of PSC less than 40.0 %. Also, 

the majority of seedlings in progenies 73-19, 74-4, 

74-5 and 74-8, highly PSC plants either selfed or in- 

tercrossed, were in the 90.0-100.0 % PSC class. 

Table 2. The overall mean percent pseudo-self-compatibility ( % PSC), self and tester- 
cross seed sets in eight populations of Nemes4.a resulting from crossing or selfing plants 
low (3.3 % or less) in PSC 

C o m p a t i b l e  $ 2 . 2  5 3 . 3  $ 2 . 3  O v e r -  
P o p u -  S -  No. Sel f  C r o s s  T e s t e r  T e s t e r  T e s t e r  all  
l a t i o n  G e n o t y p e  P l a n t s  a s  F e m a l e  a s  M a l e  a s  M a l e  a s  M a l e  % PSC 

7 0 - 3 0 1  2 . 3  4 1 .1  5 6 . 8  . . . . . . . . .  2 . 0  
7 4 - 1  3 . 3  18 6 . 7  4 8 . 1  - - -  3 . 1  - - -  14 .1  
7 4 - 2  2 . 2  8 0 . 8  2 6 . 8  2 . 3  . . . . . .  2 . 7  
7 3 - 2 1  2 . 3  19 2 . 8  6 2 . 6  1 . 3  4 .1  3 . 6  4 . 6  
7 2 - 3  a - - -  7 1 1 . 1  5 9 . 8  . . . . . . . . .  1 9 . 3  
7 3 - 3  b - - -  9 9 . 0  2 6 . 1  . . . . . . . . .  3 4 . 8  
7 4 - 1 2  2 . 3  6 2 . 8  6 1 . 2  . . . . . .  3 . 3  4 . 2  
7 4 - 1 6  ~ 2 . 3  12 7 . 3  7 2 . 8  . . . . . .  2 . 9  9 . 5  

S-genotype of all seedlings not determined but either S 2. 2 ' $3.3 or S 2. 3 

b % PSC of the parent plant (72-3-9) of this population not determined 
~ % PSC of the male parent plant (73-20-35) was 45.1% 
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F i g .  5. F r e q u e n c y  d i s t r i b u t i o n  of % PSC in two p o p u l a -  
I t i o n s  of  Nemesia strumosa f r o m  s e l l i n g  a 7 5 , 0  % PSC 

plan t  ( 7 4 - 1 - 5 )  and a 100 .0  % PSC p lan t  ( 7 3 - 2 0 - 3 4 )  

0 I0 20 50 40 50 60 70 80 90 I00 
% PSC 

F i g .  4. F r e q u e n c y  d i s t r i b u t i o n  of % PSC in t h r e e  p o p u l a t i o n s  of  Nemesia strumosa f r o m  
s e l f i n g  and i n t e r c r o s s i n g  a 0 , 1 %  PSC p lan t  ( 7 0 - 3 7 4 - 1 )  and  a 1 . 0  % PSC p lan t  ( 7 2 - 4 - 3 )  

Table  3. The o v e r a l l  m e a n  p e r c e n t  p s e u d o - s e l f - c o m p a t i b i l i t y  ( % P S C ) ,  s e l f  and t e s t e r -  
c r o s s  s e e d  s e t s  in  four  p o p u l a t i o n s  of Nemesia r e s u l t i n g  f r o m  c r o s s i n g  o r  s e l l i n g  p l a n t s  
h igh  ( 7 5 . 0  % +) in PSC 

C o m p a t i b l e  52 .2  S 3 . 3  $2 .3  O v e r -  
P o p u -  $-  No. Se l f  C r o s s  T e s t e r  T e s t e r  T e s t e r  all  
l a t i on  G e n o t y p e  P l a n t s  as  F e m a l e  as  Ma le  as  Ma le  a s  Ma le  % PSC 

73-19"  - - -  14 15.1 19 .0  . . . . . . . . .  70 .1  

74 -4  2 .2  6 27 .7  42 .3  13,1 . . . . . .  6 4 . 8  
" 3 .3  15 39 .6  46 .7  - - -  43 .9  - - -  83 .6  
" 2 .3  18 3 8 . 4  40 .7  21 .8  35 .6  3 5 . 4  8 9 . 2  

Total - - -  39 3 9 . 0  43 .5  . . . . . . . . .  83 .3  

74 -5  2 . 3  42 4 8 . 4  56 .6  27 .6  38 .2  36 .3  84 .2  

74-8  3 .3  14 41 .8  59 .6  - - -  37 .7  - - -  7 1 . 4  

S - g e n o t y p e  of  all  s e e d l i n g s  not d e t e r m i n e d  but a r e  e i t h e r  $2. 2, $3.3  o r  $2,3 
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Fig.6. Frequency distribution of % PSC in two popula- 
tions of Nemesia strumosa r e s u l t i n g  f r o m  c r o s s e s  of  a 
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Fig.7. Frequency distribution of % PSC in three popu- 
lations of Nemeaia strumosa from crossing a 2.0 % PSC 
plant (74-2-4) with a0.0 % PSC plant (73-20-33), a 
45.1% PSC plant (73-20-35) anda75.0 % PSC plant 
( 7 4 - 1 - 5 )  

Sib Crosses 

Crossing a 100.0 % PSC plant (73-20-34) with a 0.0 % 

PSC sib (73-20-33) yielded 37 seedlings (population 

74-6) which averaged 36.8 % PSC overall (Fig. 9 and 

Table 5). In a broad distribution, 19 seedlings were 

less than 30.0 % PSC while 18 were greater than 40.0% 

PSC (Fig. 9). The reciprocal cross produced 17 off- 

spring (population 74-18) with an overall mean PSC 

level of 50.0 % (Fig. 9 and Table 5). Also, 73-20-34 

as male in across with a 45.1% PSC sib (73-20-35) 

gave 16 seedlings (population 74-7) which had an over- 

all mean PSC value of 62.7 % (Fig. 6 and Table 5). 

T h e s e  t h r e e  s i b s ,  7 3 - 2 0 - 3 3 ,  7 3 - 2 0 - 3 5  and  7 3 - 2 0 - 3 4 ,  

w h e n  c r o s s e d  as  m a l e  wi th  a 2 . 0  % PSC p l a n t  ( 7 4 - 2 - 4 ) ,  

p r o d u c e d  t h r e e  p r o g e n i e s :  1. P r o g e n y  7 4 - 1 2  w i th  an  

o v e r a l l  m e a n  PSC l e v e l  of 4 . 2  % ( F i g . 7  and  Tab le  2 ) ;  

2.  P r o g e n y  7 4 - 1 6  wi th  an  o v e r a l l  m e a n  PSC l e v e l  of 

9 . 5  % ( F i g . 7  and  T a b l e  2 ) ;  and ,  3. P r o g e n y  7 4 - 9  wi th  

a n  o v e r a l l  m e a n  PSC l e v e l  of 1 4 . 4  % ( F i g .  8 and  Tab le  4). 

A 7 5 . 0  % PSC p l a n t  ( 7 4 - 1 - 5 )  a l s o  c r o s s e d  as  m a l e  wi th  

7 4 - 2 - 4 ,  y i e l d e d  26 o f f s p r i n g  ( p o p u l a t i o n  7 4 - 1 5 )  w i th  

an  o v e r a l l  m e a n  PSC v a l u e  of  6 . 9  % ( F i g . 7  a n d  T a b l e  4).  

No p l a n t s  h a d  a PSC l e v e l  o v e r  5 0 . 0  % in  p o p u l a t i o n s  

7 4 - 9 ,  7 4 - 1 2 ,  7 4 - 1 6  o r  7 4 - 1 7  w h e r e a s  o n e  p l an t  in  p r o g -  

eny  7 4 - 1 5  e x c e e d e d  5 0 . 0  % PSC.  
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Table 4. The overall mean percent pseudo-self-compatibility (% PSC), self and tester- 
cross seed sets in five populations of Nemesia resulting from crossing plants highly 
PSC (75.0 % +) with plants low (2.0 % or less) in PSC 

Compatible $2.2 $3.3 $2.3 Over- 
Popu- S- No. Self Cross Tester Tester Tester all 
lation Genotype Plants as Female as Male as Male as Male % PSC 

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

T o t a l  - - -  3 1  7 . 3  4 9 . 1  - - -  5 . 5  - - -  1 4 . 5  

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

T o t a l  - - -  11 4 . 9  6 2 . 7  2 . 4  . . . . . .  6 . 9  

7 4 - 9 "  2 . 3  1 7  1 6 . 0  6 7 . 6  3 . 7  1 3 . 8  1 0 . 1  2 3 . 1  
" 2 . 3  1 4  2 . 1  6 1 . 1  . . . . . .  1 . 2  3 . 9  

T o t a l  - - -  3 1  9 . 8  6 4 . 7  . . . . . .  2 . 8  6 . 9  

7 4 - 1 5  b 2 . 3  1 9  7 . 0  7 4 . 8  4 . 0  7 . 0  3 . 7  9 . 2  
" 2 . 3  7 0 . 4  7 0 . 0  . . . . . .  0 . 5  0 . 6  

T o t a l  - - -  2 6  5 . 2  7 3 . 5  . . . . . .  2 . 8  6 . 9  

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

T o t a l  - - -  2 9  9 . 1  7 1 . 6  2 . 8  . . . . . .  1 3 . 9  

a Only 17 of 31 seedlings tested with homozygous tester plants 
b Only 19 of 26 seedlings tested with homozygous tester plants 

Other Tester Cross Results 

All seedlings, regardless of their degree of PSC, es- 

sentially yielded no seeds when crossed as male with 

incompatible tester plants of identical S genotype. 

For example, the 42 seedlings in population 74-5 av- 

eraged 48.4 seeds per self pollination overall (Table 

3). Those same seedlings, when tested as male on an 

incompatible $2.3 plant averaged only 0.02 seeds per 

pollination in over 200 tester crosses. In some cases 

a few seeds were produced but only at levels consis- 

tent with the small degree of PSC sometimes present 

in the different tester plants used. Similar results 

were obtained for all plants tested in this study. 

As would be expected, the reciprocal of these cros- 

ses yielded seed in amounts that approximated thelev- 

el of self seed set. However, the amounts were often 

Table 5. The overall mean percent pseudo-self-compatibility (% PSC), self and tester- 
cross seed sets in three populations of Nemesia resulting from intercrossing three sibs 
(0.0 %, 45. 1% and 100.0 % PSC) from population 73-20. Also included is the data from 
population B-I; a cross of a 100.0 % PSC plant (73-20-34) and a 0.0 % PSC plant 
(B74-1-2), from a commercial source unrelated to the initial populations 

Compatible $2.2 $3.3 $2.3 Over- 
Popu- S- No. Self Cross all 
lation Genotype Plants as Female Tester Tester Tester 

as Male as Male as Male % PSC 

74-6 2.3 37 17.9 47.4 . . . . . .  11.9 36.8 

74-7 2.3 16 36.2 59.3 --- 36.7 35.9 62.7 

74-18 3.3 8 23.3 49.8 --- 20.2 --- 39.6 
" 2.3 9 28.4 49.7 6.6 18.7 13.1 59.3 

Total --- 17 26.0 49.7 --- 19.4 --- 50.0 

B - 1  ~ - - -  1 9  0 . 8  7 8 . 1  . . . . . . . . .  0 . 9  

S - g e n o t y p e s  n o t  d e t e r m i n e d  b u t  a r e  e i t h e r  S2.x, S 3 . x ,  S 2 . y  o r  S 3 . y  
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F i g . 8 .  F r e q u e n c y  d is t r ibut ion  of % PSC in two popula-  
t ions of Nemesia strumosa r e su l t ing  f rom r e c i p r o c a l  
c r o s s e s  of a 100.0 g PSC plant (73-20-34)  and a 2 .0  % 
PSC plant (74-2-4)  

l e s s  (Henny and A s c h e r  1976). Again,  in populat ion 

74-5,  where  the ove ra l l  mean se l f  s eed  set  was 48.4 

seeds ,  pol len f rom an $2.3 t e s t e r  a v e r a g e d  only 36.3 

seeds  ove ra l l  (Table 3) .  Pol len  f rom $2. 2 and $3. 3 

t e s t e r  plants ave raged  27.6 and 38.2 seeds  r e s p e c -  

t ive ly .  In o ther  p rogen ies ,  when t e s t e r s  homozygous  

for S a l l e l e s  were  used  as ma le ,  the overa l l  mean 

seed  se t s  w e r e  a lmost  always l e s s  than the mean se l f  

seed  set  (Tables 1 -5 ) .  Po l len  f rom $2. 2 plants  a l -  

ways y ie lded  l e s s  seeds  than pol len f rom $3.3 and 

(except  in population 74-15) $2. 3 t e s t e r  plants ,  when-  

e v e r  such c o m p a r i s o n s  could be made.  

Seedlings 73-20-35 a n d 7 4 - 1 - 5 ,  each $3.3 ,  a v e r -  

aged 31.1 and 40.2 seeds  per  se l f  pol l inat ion and yet 
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Fig .  9. F r e q u e n c y  d is t r ibu t ion  of % PSC in two popula-  
t ions of Nemesia strumosa resu l t ing  f rom r e c i p r o c a l  
c r o s s e s  of a 100.0 7~ PSC plant (73-20-34)  with its 
0 .0  % PSC sib (73-20-33)  

only 3.7 and 12.0 seeds  when pollen f rom other  in-  

compat ib le  $3.3 plants  was used.  Both of these  s e e d -  

l ings were  c r o s s e d  as f ema le  with 73-20-34 (52.3)  B 

The 58 seed l ings  f rom the two c r o s s e s ,  16 f rom 73- 

20-35 and 42 f rom 74-1-5 ,  were  all $2. 3 indicat ing 

that the S 3 a l l e le  f rom the male  paren t s  did not effect  

f e r t i l i za t ion .  

Pol len  s t e r i l i t y  was not a p rob lem.  Although s o m e  

plants produced pol len only sporad ica l ly ,  it p roved  to 

be fully f e r t i l e  when used in compa t ib le  c r o s s  c o m b i -  

nat ions.  

S Genotpyes 

Populat ions  70-301,  73-21,  74-5,  74-6,  74-7,  74-9 ,  

74-12,  74-15 and 74-16 w e r e  composed  of only $2. 3 

plants .  P r o g e n i e s  74-1 and 74-8 were  all $3.3 plants  

while 74-2 had only $2. 2 individuals .  There  were  19 

52. 2 and 10 $2. 3 seed l ings  in populat ion 74-17,  8 
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53.  3 and  9 52.  3 s e e d l i n g s  in  p r o g e n y  7 4 - 1 8 ,  6 S2.  2 

a n d  5 $2.3 s e e d l i n g s  in  p r o g e n y  73-22 and  25 $ 3 . 3  

and  6 $2. 3 s e e d l i n g s  in  p o p u l a t i o n  7 3 - 2 0 .  The 39 

p l a n t s  in  p r o g e n y  7 4 - 4  c o n s i s t e d  of  6 $2. 2, 15 $3.  3 

a n d  18 $ 2 . 3  i n d i v i d u a l s .  It w as  not  p o s s i b l e  to  d e t e r -  

m i n e  a l l  t h e  S g e n o t y p e s  in  p o p u l a t i o n s  7 3 - 2 ,  7 3 - 3  o r  

7 3 - 1 9  f r o m  t h e  a v a i l a b l e  d a t a .  H o w e v e r ,  t h o s e  t h r e e  

p o p u l a t i o n s  c o n t a i n e d  o n l y  t h e  S 2 and  S 3 a l l e l e s .  

D i s c u s s i o n  

No e v i d e n c e  w a s  found  f o r  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  $f g e n e s  in  t h e  Nemesia 

s e e d l i n g s  t e s t e d .  Such  g e n o t y p e s ,  i f  p r e s e n t ,  wou ld  

be  e x p e c t e d  to y i e l d  d i s c r e t e  s e g r e g a t i o n s  c o m p o s e d  

of t o t a l l y  s e l f - c o m p a t i b l e  o r  s e l f - i n c o m p a t i b l e  p l a n t s .  

D e p e n d i n g  on  t h e  c r o s s  and  t h e  $ g e n o t y p e  of  t h e  i n -  

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

a m i n i m u m  of o n e - h a l f  of  t h e  o f f s p r i n g  wou ld  b e  t o -  

t a l l y  s e l f  c o m p a t i b l e .  1 None  of t h e  o f f s p r i n g  f r o m  

c r o s s e s  i n v o l v i n g  o n e  s e l f - c o m p a t i b l e  p a r e n t  ( 1 0 0 . 0  Y~ 

PSC)  a n d  one  s e l f - i n c o m p a t i b l e  p a r e n t  ( 2 . 0  % PSC o r  

l e s s ) ,  w e r e  t o t a l l y  s e l f  c o m p a t i b l e .  In f a c t ,  r a r e l y  

w a s  a s e e d l i n g  w i th  g r e a t e r  t h a n  5 0 . 0  Y~ PSC r e c o v e r e d .  

The d i s t r i b u t i o n  of  PSC a m o n g  Nemesia p r o g e n i e s  w a s  

c o n t i n u o u s  i n s t e a d  of d i s c r e t e  and  r e q u i r e s  a q u a n t i t a -  

t i v e  r a t h e r  t h a n  a q u a l i t a t i v e  g e n e t i c  b a s e .  

To b e  b e t t e r  a b l e  to  d e t e c t  t h e  o c c u r r e n c e  of new  

S s p e c i f i c i t i e s ,  o r  p o s s i b l e  c o n t a m i n a t i o n  f r o m  a 

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

S a l l e l e s  in  t h i s  s t u d y  to f o u r  a n d  a c t u a l l y  c o n f i n e d  

t h e  m a j o r i t y  of  w o r k  to t h e  S 2 and  S 3 a l l e l e s .  The 

g e n e r a t i o n  of new S s p e c i f i c i t i e s  f o l l o w i n g  i n b r e e d i n g  

h a s  b e e n  r e p o r t e d  in  v a r i o u s  c r o p s  ( D e n w a r d  1963;  

de  N e t t a n c o u r t  and  E c o c h a r d  1971;  P a n d e y  1 9 7 0 ) .  H o w -  

e v e r ,  i n  Nemes/a,  no new  S s p e c i f i c i t i e s  w e r e  u n c o v -  

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

i n d i v i d u a l s .  

P o l l e n  f r o m  p l a n t s  of any  PSC l e v e l  f a i l e d  to  p r o d -  

u c e  s e e d  w h e n  p l a c e d  on  i n c o m p a t i b l e  p l a n t s  of t he  

In t h e  c a s e  of  a s t y l a r - p a r t  m u t a t i o n  o n e  e x c e p t i o n  
s h o u l d  be  n o t e d  h e r e .  If  an  $ 2 . 3 +  (3 + = S 3 a l l e l e  

b e i n g  m u t a t e d )  p l a n t  w a s  c r o s s e d  as  m a l e  wi th  a n  
i n c o m p a t i b l e  f e m a l e  b e a r i n g  $3,  t h e  o f f s p r i n g  wou ld  

a l l  b e  i n c o m p a t i b l e ,  s i n c e ,  t h e  p o l l e n  f r o m  a p l a n t  
wi th  a s t y l a r - p a r t  m u t a t i o n  a c t s  n o r m a l l y  i n  t h e  i n -  
c o m p a t i b i l i t y  r e a c t i o n ,  a n d  t h e  m u t a t e d  $3+ a l l e l e  
wou ld  not  b e  t r a n s m i t t e d .  

same S genotype, indicating that it reacted normally 

in the incompatibility response. Therefore, PSC was 

due to either partial or total lack of stylar activity. 

The blockage of stylar activity was not linked with any 

particular S allele. A highly PSC plant contalningtwo 

distinct S alleles allowedpollentubes containing either 

allele to induce seed set. However, the presence of 

the S 3 allele in the style seemed to increase the level 

of PSC compared to S 2. Similar results have been 

shown in other plants (East and Yarnell 1929; East 

1934) where various S alleles could be associated 

with different activity levels in the style. 

The increase to high levels of PSC in three gener- 

ations of inbreeding and the maintenance of these lev- 

els by selling or by intercrossing highly PSC plants 

implies that a relatively small number of loci con- 

ferring PSC were involved. The drastic reduction in 

overall PSC levels found when crossing a highly PSC 

plant with one low in PSC suggests the recessive na- 

ture of these loci. Yet, PSC was not totally eliminated 

in crosses when one or both parents were low in PSC. 

As all the plants in these populations can be traced to 

three original parents, it is likely that each plant had 

the genetic potential (some recessive alleles for PSC) 

favorable to the eventual expression of PSC. A cross 

of a highly PSC plant with incompatible plants from a 

genetic source where these genes for PSC may be 

uncommon or lacking should limit the PSC level in 

the offspring to amount S less than found with such cros- 

ses within our own narrow genetic base. We crossed 

seedling 73-20-34 (I00.0 ~ PSC) with an incompatible 

plant (B74-1-2; 0.0 $ PSC) obtained from a commer- 

cial source (unrelated to our initial parents) and te- 

sted the offspring for PSC. In progeny B-I, PSC was 

the lowest of any population tested with only 6 of 19 

seedlings producing any self seed (Fig. 10 and Table4). 

F 2 or inbred plants from D-I have not yet been tested 

for PSC, however, the levels should become much 

higher in those populations. 

If homozygous recessive alleles are needed at a 

critical number of loci before expression of PSC (a 

threshold effect), then various plants, low in PSC, 

could differ in their capacity to produce highly PSC 

seedlings. For example, a seedling low in PSC but 

having one highly PSC parent, may be expected to 

yield a few highly PSC offspring from a cross polli- 

nation. Another seedling, also low in PSC but with 

no highly PSC relatives, when used as the non-recur- 



194 R, J. Henny and P.D. Ascher: Inheritance of Pseudo-Self-Compatibility in Nemesia str~moea 

15 

12 

( f ) l l  

z l O  

<[9  _J 
n 8  
1 , 7  
0 

6 
rr 5 
i , i  
m 4  
3 3  
Z 2 

I 

PROGENY= B - I  

PARENTS = B74 -1 -2  x 7 3 - 2 0 - $ 4  ( ~ )  

OVERALL MEAN PSC = 0 . 9  % 

0 0 I0 20 50 40 50 60 70 80 90 I00 
% PSC 

Fig. I0. Frequency distribution of % PSC in one popu- 
lation of Nemesia s trumosa f r o m  c r o s s i n g  a 100 .0  % 
PSC p lan t  ( 7 3 - 2 0 - 3 4 )  wi th  a 0 . 0  % PSC plant  (B74~1-2 ) .  
Seed l i ng  B 7 4 - 1 - 2  was  u n r e l a t e d  to the  o t h e r  n e m e s i a s  
in t h i s  s t u d y  

rent parent in the same c r o s s  should produce fewer 

highly PSC seedlings. This difference was realized 

in reciprocal sib- and non-sib crosses of one highly 

PSC plant (73-20-34) withplants(73-20-33 and74-2-4) 

both low in PSC. The sib-crosses produced progenies 

(74-6 and 74-18) with an approximately three times 

higher overall mean level of PSC than the non-sib 

crosses (progenies 74-9 and 74-17). 

In Petunia (Takahashi 1973) self pollen tube 

growth rate steadily increased as the % PSC increased 

but never reachedthat ofcompatibletubes. Our results 

(populations 74-5 and 74-7; Tables 3 and 5) support 

those findings. Here, highly PSC $3. 3 parents, used 

as female in crosses with an $2.3 male produced only 

$2. 3 offspring. Apparently pollen tubes with the S 3 

allele did not compete in the $3.3 style of even a 

highly PSC plant, with pollen tubes carrying the com- 

patible S 2 allele. 

On the basis of one model (Ascher 1966), incom- 

patible pollen tube growth results when a functional 

dimer repressor is formed by the combination of sty- 

lar and pollen components produeed by S alleles of 

matched identity. The functional dimer inhibits a fast 

growth operon in the pollen tube thereby allowing only 

a slow growth system to operate. Incompatible tubes 

continue the slow growth (being unable to metabolize 

available stylar products) and fail to reach the ovary 

before floral senescence. Compatible tubes begin the 

fast rate of growth (upon assimilation of stylar sub- 

strates) and reach the ovary in the same time the in- 

compatible tubes are only halfway down the style. This 

model allows for both pollen- and stylar-conditioned 

PSC. 

Pollen-conditioned PSC would result from a lack 

of sufficient pollen repressor due to environment or 

mutations reducing the activity of genes which produce 

the substrates necessary for the pollen S allele to use 

in construction of the repressor. Stylar-conditioned 

PSC could occur from: 1. Inadequate formation ofsty- 

lar repressor due to lack of sufficient stylar substra- 

tes or synthesis machinery~ 2. Inhibition of the activ- 

ity of the stylar repressor to various degrees; or, 3. 

Inefficient transport of the stylar repressor substance 

so that it cannot reaeh the pollen tube. Each of these 

four situations could conceivably cause various levels 

of PSC, althoughin Nemesia, alack of sufficient pollen 

repressor substance is not likely since the pollen re- 

acted normally on incompatible styles bearing the 

same S alleles. 

With or without the presence of the repressor, 

proper membrane permeability and the energy for 

t r a n s p o r t  m u s t  be p r e s e n t  in  t he  s t y l e  so  tha t  n o r m a l  

s e c r e t i o n  o c c u r s  and p o l l en  t u b e s  c a n  u t i l i z e  the  s t y -  

l a r  p r o d u c t s  n e e d e d  fo r  c o m p a t i b l e  g r o w t h .  A b o l i t i o n  

of t he  s t y l a r  s e c r e t o r y  s y s t e m  s h o u l d  not r e s u l t  in 

PSC,  but r a t h e r  u n i f o r m  i n c o m p a t i b i l i t y  ( A s e h e r  1975 ). 

Of t he  s t y l a r  r e l a t e d  p r o b l e m s ,  a l ack  of f o r m a t i o n  of 

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

ab le  e x p l a n a t i o n  f o r  t he  PSC we o b s e r v e d .  The 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 c o m p o s e d  of  e i t h e r  d i m e r s  

( A s c h e r  1966) o r  t e t r a m e r s  (Lewis  1965) ,  p r e s u m a b l y  

m a d e  of s m a l l e r  m o l e c u l e s  ( s u b u n i t s ) .  Mos t  m o d e l s  

of i n c o m p a t i b i l i t y  d e r i v e  S s p e c i f i c i t y  f r o m  t h e  p a r t i -  

c u l a r  a r r a n g e m e n t  of t h e s e  s u b u n i t s  wi th  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  r e q u i r i n g  m a t c h i n g  of i d e n t i c a l  

h a l f r e p r e s s o r  m o l e c u l e s  f r o m  t h e  p o l l e n  tube  a n d s t y l e .  

L i m i t e d  amo u n t  of s u b s t r a t e s  in the  s t y l e  c o u l d  l e a d  to 

e r r o r s  d u r i n g  h a l f - r e p r e s s o r  f o r m a t i o n  as  wel l  as  to 

p a r t i a l l y  s y n t h e s i z e d  m o l e c u l e s  and t h i s  in t u r n  to d e -  

c r e a s e d  a c t i v i t y  l e v e l s  of  t h e  h a l f - r e p r e s s o r .  In t h i s  

s e n s e  f o r m a t i o n  and ac t i v i t y  would  be  l i n k ed .  It s e e m s  

m o r e  n a t u r a l  to  e x p l a i n  f o r m a t i o n ,  and to a d e g r e e  a c -  

t i v i t y ,  of t h e  s t y l a r  r e p r e s s o r  on a q u a n t i t a t i v e  b a s i s .  

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

s u b u n i t s  c o u l d  be c o n t r o l l e d  by one  o r  m o r e  g e n e s .  



R . J .  Henny and P . D .  A s c h e r  : I n h e r i t a n c e  of P s e u d o - S e l f - C o m p a t i b i l i t y  in Nemesia strumosa 195 

Literature 

Ascher, P.D. : A gene action model to explain game- 
tophyt ic  s e l f - i n c o m p a t i b i l i t y .  E u p h y t i c a  1_55, 179- 
183 (1966) 

ischer, P.D. : Special stylar property required for 
c o m p a t i b l e  po l l en tube  g rowth  in Lglium longiflo- 
rum Thunb. Bot .  Gaz .  136 ( 3 ) ,  317-321 (1975) 

Atwood,  S .S .  : G e n e t i c s  of p s e u d o - s e l f - c o m p a t i b i l i t y  
and i t s  r e l a t i o n  to c r o s s - i n c o m p a t i b i l i t y  in Tr i fa -  
lium repens. J .  A g r i c .  R e s .  64 (12 ) ,  699-709  
(1942) 

C a m p b e l l ,  R . J .  ; A s c h e r ,  P . D . :  High t e m p e r a t u r e  
r e m o v a l  of s e l f - i n c o m p a t i b i l i t y  in Nemesia s t ~ -  
mosa. I n c o m p a t i b i l i t y  N e w s l e t t e r  1 ,  3-5  (1972) 

D e n w a r d ,  T. : The func t ion  of the  i n c o m p a t i b i l i t y  a l l e -  
l e s  in r e d  c l o v e r  ( T r ~ f o l i ~  pratense L. ) .  H e r e -  
d i t as  49, 189-334 (1963) 

Duncan ,  J . F .  ; A n d e r s o n ,  M . K . ;  T a y l o r ,  N . L . :  E f -  
fec t  of i n b r e e d i n g  on p s e u d o - s e l f - c o m p a t i b i l i t y  in 
r e d  c l o v e r  ( T r i f o l i u m  pratense L. ) .  E u p h y t i c a  2__~2, 
535-542 (1973) 

E a s t ,  E . M . :  S e l f - s t e r i l i t y .  t3ibl. Gene t .  5,  331-370 
(1929)  

E a s t ,  E . M .  : N o r m s  of p o l l e n - t u b e  g r o w t h s  in i n c o m -  
pa t ib l e  m a t i n g s  of  s e l f - s t e r i l e  p l an t s .  P r o c .  Nat .  
Acad .  Sc i .  ( W a s h . )  2___00, 225-230  (1934) 

E a s t ,  E . M . ;  M a n g e l s d o r f ,  A . J . :  A new i n t e r p r e t a t i o n  
of the  h e r e d i t a r y  b e h a v i o r  of s e l f - s t e r i l e  p l an t s .  
P r o c .  Nat .  A c a d .  Sc i .  ( W a s h . )  11, 166-171 (1925) 

E a s t ,  E . M . ;  Y a r n e l l ,  S . H . :  S tud ies  on s e l f - s t e r i l i t y .  
VII1. S e l f - s t e r i l i t y  a l l e l o m o r p h s .  G e n e t i c s  14 ,  455-  
487 (1929) 

Henny, R.J. ; Ascher, P.D. : Sporophytic recognition 
of pollen S alleles in the gametophytic self-incom- 
patibility s y s t e m  of Nemesia strumosa Benth .  To be 
s u b m i t t e d  to T h e o r e t .  Appl .  Gene t .  (1976) 

Leffe l ,  R . C .  : Gene t i c  and e n v i r o n m e n t a l  v a r i a t i o n  of 
p s e u d o - s e l f - c o m p a t i b i l i t y .  In: P o l l e n - D e v e l o p -  
ment  and P h y s i o l o g y ,  313-316 ,  ed.  H e s l o p - H a r r i -  
son ,  J .  London: B u t t e r w o r t h  1971 

Lewis ,  D. : S t r u c t u r e  of the  i n c o m p a t i b i l i t y  g e n e .  
III. Types of s p o n t a n e o u s  and i nduced  m u t a t i o n .  
H e r e d i t y  5 ,  399-414  (1951) 

Lewis ,  D. : C h r o m o s o m e  f r a g m e n t s  and m u t a t i o n  of  
the  i n c o m p a t i b i l i t y  g e n e .  N a t u r e  190, 990-991 
(1961) 

Lewis ,  D. : A p r o t e i n  d i m e r  h y p o t h e s i s  on i n c o m p a t i -  
b i l i ty .  P r o c .  XI Int.  Cong .  G e n e t . ,  The Hague .  
In: G e n e t i c s  Today,  Ed.  G e e r t s ,  S . J .  3 ,  656-663  
(1965) 

Lewis ,  D. ; C r o w e ,  L . K .  : S t r u c t u r e  of  t he  i n c o m p a t -  
ib i l i t y  gene .  IV. Types  of m u t a t i o n s  in Pr~nus 
a v i ~  L. H e r e d i t y  8 ,  357-363 (1954) 

M a t h e r ,  K. : Spec i f i c  d i f f e r e n c e s  in Petunia. I. In-  
c o m p a t i b i l i t y .  J .  Gene t .  4__55, 215-235 (1943) 

de N e t t a n c o u r t ,  D. ; E c o c h a r d ,  R.  : The g e n e r a t i o n  of 
new S a l l e l e s  at the  i n c o m p a t i b i l i t y  l ocus  of  Lyco- 
p e r s i c ~  p e r u v i a n ~  Mil l .  T h e o r e t .  Appl .  Gene t .  
41, 120-129 (1971) 

Pandey ,  K . K .  : Muta t ions  of s e l f - i n c o m p a t i b i l i t y  a l l e -  
l e s  in Tr~folium pratense  and T. repens. G e n e t i c s  
4_!1, 327-343 (1956)  

Pandey ,  K . K .  : New s e l f - i n c o m p a t i b i l i t y  a l l e l e s  p r o d -  
u c e d  t h rough  i n b r e e d i n g .  N a t u r e  227, 689-690  
(1970) 

R i l e y ,  H . P .  : S e l f - s t e r i l i t y  in Nemesia. S c i e n c e  77 
326-327 (1933) 

Stout, A . B .  : The genetics of incompatibilities in ho- 
momorphic flowering plants. Bot. Bey. 4, 275-369 
(1938) 

Takahash i ,  H. : G e n e t i c a l  and p h y s i o l o g i c a l  a n a l y s i s  of 
p s e u d o - s e l f - c o m p a t i b i l i t y  in Petunia hybrids.  J a p .  
J .  G e n e t i c s  4___88 ( 1 ) ,  27-33 (1973)  

Tay lo r ,  N . L . ;  J o h n s t o n ,  K . ;  A n d e r s o n ,  M . K . ~  W i l l i -  
a m s ,  J . C .  : I n b r e e d i n g  and h e t e r o s i s  in r e d  c l o v e r .  
C r o p S c i .  10, 522-525 (1970) 

Townsend,  C . E .  : S e l f - c o m p a t i b i l i t y  s t u d i e s  with r e -  
t r a p l o i d  a l s i k e  c l o v e r ,  Trgfolium hybrgdum L. 
C r o p S c i .  5, 295-299  (1965)  

W i l l i a m s ,  IR.D. ~ Si low,  R . A .  : G e n e t i c s  of r e d  c l o v e r  
( Tr i fo l ium pratense L. ) c o m p a t i b i l i t y .  I. J .  Gene t .  
27, 341-362 (1933) 

Williams, W. ; Williams, R.D. : Genetics of red clo- 
ver (Trifolium pratense L. ) c o m p a t i b i l i t y .  II. (a)  
H o m o z y g o u s  s e l f - s t e r i l e  Sx Sx g e n o t y p e s  o b t a i n e d  
as a r e s u l t  of p s e u d o - f e r t i l i t y ;  (b) s e l f - f e r t i l i t y .  
J .  Gene t .  4___88, 51-68 (1947) 

Received March 2, 1976 
Communicated by PI. F. Linskens 

Dr .  R . J .  Henny 
Dr .  P . D .  A s c h e r  
D e p a r t m e n t  of H o r t i c u l t u r a l  S c i e n c e  and 
Landscape  A r c h i t e c t u r e  
U n i v e r s i t y  of  M i n n e s o t a  
St.  Pau l ,  MN 55108 (USA) 


