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Restoration of Pseudo-self-compatibility (PSC) in Derivatives of a High-PSC 
x No-PSC Cross in Nemesia strumosa Benth* 

C .D. Robacker and P.D. Ascher 
Department of Horticultural Science and Landscape Architecture, University of Minnesota, Saint Paul (USA) 

Summary. Mean PSC increased following each generation 
of recurrent selection in F~, F2 and F 3 Nemesia strumosa 
families derived from a cross of a 100% PSC plant to an 
unrelated 0% PSC plant. The first 100% PSC individuals 
occurred in the F 4 . Populations derived through sib pol- 
lination tended to have higher PSC means than lines de- 
rived through self pollination. One F3 family showed a 
three-fold higher PSC level when pollinated in the green- 
house than when pollinated in the growth chamber, while 
another F 3 family similarly pollinated showed no change 
in PSC. 
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Introduction 

Self incompatibility acts as a physiological barrier to in- 
breeding by preventing self fertilization even though the 
plant has functional gametes. In the gametophytic system, 
incompatibility is controlled by a series of S alleles. When 
the S allele in the pollen matches the S alleles in the style, 
the pollen tube fails to reach the ovary. Various disrup- 
tions of the self-incompatibility reaction may occur, how- 
ever, resulting in seed set from incompatible pollinations; 
these disruptions have been termed pseudo-self-compati- 
bility (PSC). A common type of PSC, caused by multi- 
genic modifiers and influenced by environment, produces 
a wide range in ability to produce self seed, from very few 
seeds in some plants to many seeds in others. 

Several researchers have studied the genetics of PSC. 
Atwood (1942) and Leffel (1963) found no relationship 
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between particular S alleles and level of PSC in Trifolium. 
Inbreeding with selection to obtain plants consistently 
high in PSC has often been unsuccessful (Ockendon 1973; 
Duncan et al. 1973). Townsend (1965), in studies of the 
inheritance of PSC in tetraploid Trifolium hybridurn, 
found that the mean PSC level of a progeny was some- 
what similar to that of the parent plant, although a wide 
range in PSC occurred. After selfing for three generations, 
the overall level of PSC was high. Similarly, Takahashi 
(1973) selfed Petunia hybrida plants of various PSC levels 
and although the progeny obtained showed a wide vari- 
ability in PSC, many were similar to the parent. Crossing a 
highly compatible with a highly incompatible plant yield- 
ed an F I progeny with a PSC level slightly lower than that 
of progeny obtained by selling the highly compatible 
plant. Nasrallah and Wallace (1968) inbred lines of cab- 
bage for 10 years and found plants which bred true for 
high and low PSC. A cross of a high PSC plant as female 
with a low PSC plant gave an F1 progeny with high PSC, 
while the reciprocal cross gave an F 1 with low PSC. This 
suggests a maternal effect. However, the F1 from the cross 
with the high PSC plant as female set more seed when 
backcrossed with pollen from the high PSC parent than 
with pollen from the low PSC parent, suggesting a pollen 
effect. 

Nemesia strurnosa Benth., a member of the Scrophula- 
riaceae, has the gametophytic incompatibility system 
(Riley 1933). Henny and Ascher (1976) found low levels 
of PSC in selected populations of Nemesia and, through 
inbreeding and selection, increased mean PSC from 2.0% 
in an F1 to 70.1% in the F4. Since the PSC increased from 
very low to very high in so few generations, Henny and 
Ascher suggested that a relatively small number of modi- 
fying genes were involved. Intercrossing Nemesia plants 
high in PSC produced a progeny segregating both high and 
intermediate level PSC plants. This broad progeny distri- 
bution is similar to that observed by Townsend (1965) 
and Takahashi (1973). In contrast, a high crossed with a 
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low gave a progeny o f  mos t ly  low PSC plants,  indicat ing 

that  PSC in Nemesia  is phenotypica l ly  recessive. Taka- 

hashi 's Petunia data show somewhat  the same recessive 

nature, a l though not  so great as in Nernesia. The style 

determines the level o f  PSC: pol len f rom Nemesia  plants 

o f  any PSC level p roduce  a s t rong self- incompatibi l i ty  re- 

act ion on a self- incompatible style. 

All o f  the plants used by Henny  and Ascher  were origi- 

nally derived f rom three plants.  Because o f  the close rela- 

t ionship o f  the descendants  o f  these plants,  all might  be 

expec ted  to carry recessive modif iers  for  the  self-incom- 

patibi l i ty react ion and crosses among them might  give 

especially high PSC progeny.  To determine  whe ther  these 

genes could be transferred to an unrela ted incompat ib le  

line, a 100% PSC individual was crossed to a 0% PSC plant  

f rom a popula t ion  which lacked PSC. This 0% PSC popu-  

lat ion was obta ined f rom a commerc ia l  source. The result- 

ing F1 had a mean  PSC level o f  0.9%, which  was lower  

than any o f  the F1 progenies o f  similar crosses among  the 

related plants. This raised the ques t ion  o f  whe ther  high 

PSC plants could  be obtained through inbreeding this F~ 

progeny. Our purpose,  therefore ,  was to select and in- 

breed PSC plants in an a t t empt  to increase PSC to  levels 

comparable  to those o f  the original material .  

Materials and Methods 

Nemesia strumosa seeds were placed in petri dishes lined with 
filter paper saturated with 100 ppm gibberellic acid. After soaking 
for 24 to 48 hours, the seeds were planted in sphagnum moss and 
placed under mist until germination. When the second or third set 
of true leaves appeared, the seedlings were transplanted to a 1 : 1:1 
peat:perlite:soil medium. Each seedling received a three-number 
code: the first two numbers indicating the family and the last 
number the seedling. 

Pollinations were performed the day of anthesis. In order to 
average environmental effects, no more than two pollinations of 
each self or cross were done on the same day. Flowers to be cross 
pollinated were emasculated the day before anthesis to prevent 
contamination by self pollen. All unused flowers were removed 
each day to avoid contamination from insect pollination and to 
insure uniform floral age at pollination. Routine checks for pollen 
fertility were made. Maximum seed set for each plant was deter- 
mined by using the plant as female in a compatible cross. Mean 
self and cross seed sets were based on at least nine and four pol- 
/inations, respectively. To calculate the % PSC for each plant, the 
mean self seed set was divided by the mean compatible cross seed 
set and these values were plotted in a frequency histogram. 

Progeny B-l, produced by crossing the 100% PSC plant 
73-20-34 with the 0% PSC plant B74-1-2, was the source of our 
plants (Fig. 1). Self or sib pollinations of individuals from B-1 gave 
rise to three F~ families, 75-3, 76-1 and 75-2. The highest PSC 
plant in each of these F 2 families was selfed to yield the three F 3 
families 76-2, 76-4 and 76-3. To produce the F4, high PSC plants 
of families 76-2 and 76-3 were selfed and sibbed. This gave rise to 
the self progenies 77-5 and 77-3 and the sib progenies 77-6 and 
77-4. 

F 1 

F 2 

F 3 

73-20-34 (1007. PSC) x B74-I-2 (0.01 PSC) 

1 
(~-1) 

[ I I [ 
B-1-7 B-1-7 x B-1-8 B-l-16 x B-l-17 

1 I l 
(75-3) 76-1 (75-2) 

75-3-3 75-2-1 

1 1 
(76-2) 76-4 76-3 

f I 
F I I I 

76-2-2 • 76-2-3 76-3-12 • 76-3-4 

11 I 1 
77-5 77-6 77-3 77-4 

Fig. 1. A pedigree diagram of the plants used to study the inheri- 
tance of PSC in Nemesia strumosa 

In a greenhouse maintained at about 13~ nights and 19~ 
days, the F 2 families 75-2 and 75-3 were grown and pollinated in 
the winter while 76-1 was pollinated in the same greenhouse in the 
spring. The F 3 progenies 76-2 and 76-3 were raised in the summer. 
Because high temperatures may affect self seed set (Campbell and 
Ascher 1972) and cause poor growth of Nemesia, the F~ plants 
were placed under fluorescent lights in an air-conditioned labora- 
tory. When near flowering, the plants were transferred to and 
pollinated in a growth chamber held at 16~ nights and 19~ 
days. To make the environmental conditions in which 76-2 and 
76-3 were pollinated more similar to the environment of the F~ 
pollinations, the plants were relocated into the greenhouse in the 
fall and the pollinations were repeated. The following winter the 
other F 3 family, 76-4, was pollinated and the F 4 families 77-3, 
77-4, 77-5 and 77-6 were grown in the greenhouse at temperatures 
approximating 13~ nights and 20~ days. Populations 77-3, 77-4, 
77-5 and 77-6 were pollinated in late spring when day and night 
temperatures ranged from 21 to 31~ and 12 to 20~ respec- 
tively. 

~ s u l t s  

Mean PSC increased gradually f rom the F 1 generat ion B-1 

to the F3 generat ion 76-2. Progeny B-1 had an overall 

mean PSC o f  0.9% (Henny  and Ascher  1976). Self  pollina- 

t ion o f  B- l -7  p roduced  the F2 progeny 75-3 wi th  a mean  

PSC level o f  6.8% and a range ex tending  f rom 0% to 

23.9% (Fig. 2). In the F3 family  76-2, the mean  PSC o f  

the plants when pol l inated in the growth  chamber  was 

9.3%, only a small increase over  the F2.  The range ex- 

tended f rom 0.0% to only 20.6% (Fig. 2). Seed set f rom 

compat ib le  poll inat ions remained high a l though m a n y  o f  

the plants  were part ial ly male sterile. However ,  when  faro- 

fly 76-2 was pol l inated in the greenhouse,  the mean  PSC 
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increased to 23.1% while the range broadened to 0.5% to 
77.4% (Fig. 2). All plants except 76-2-7 increased their % 
PSC about three-fold in the greenhouse and therefore 
maintained the same relative level of PSC (Table 1). Mean 
compatible seed set was higher in the growth chamber 
than in the greenhouse (Table 2) while incompatible was 
lower. These two factors combined to cause the large dif- 
ference in PSC observed. Many of these greenhouse polli- 
nations were done on cuttings taken from the plants when 
seedlings. The cuttings were more vigorous than the stock 
plants, many of which became fasciated in the green- 
house. Male sterility was not a problem in the greenhouse. 

Self pollination of 76-2-2 gave the F4 progeny 77-5. 
Mean PSC in the F4 increased to only 30.5%, with a range 
of 1.2 to 87.0% (Fig. 3). Again, the anthers released pol- 
len only sporadically. Progeny 77-6, the F4 from sib polli- 
nation, had a mean PSC of 37.7%, similar to the mean 
PSC of 77-5. The PSC range narrowed, however, to 24% 

Table 1. The % PSC of the F 3 Nemesia strumosa progenies 76-2 
and 76-3 as determined from pollinations in the growth chamber 
and in the greenhouse 

Seedling number % PSC in % PSC in greenhouse 
growth chamber 

76-2-1 4.1 13.4 
76-2-2 20,6 77.4 
76-2-3 12,7 37.3 
76-2-4 0,7 4.7 
76-2-5 9.2 20.9 
76-2-7 17.8 7.5 
76-2-8 0.0 0.5 

76-3-2 0.0 0.0 
76-3-3 2.4 3,2 
76-3-4 37.7 33.3 
76-3-5 9.2 5.6 
76-3-7 0.0 0,0 
76-3-8 0.0 1,9 
76-3-9 0.0 0.0 
76-3-10 11.9 ~ . 7  
76-3-12 40.8 55.4 

to 53.3% (Fig. 3). This narrow range may be due to small 
sample size. More pollen was available in this population 
than in 77-5. 

Through sib pollination within B-l, two F2 families 
were produced. One of these, 75-2, had a mean PSC level 
of 2.3%. Four of the six seedlings were 0% PSC; the high- 
est had a PSC level of 13.5% (Fig. 4). This high PSC plant 
was self pollinated to obtain the F3 family 76-3. In the 
growth chamber the mean PSC for 76-3 was 11.3%, vary- 
ing from 0.0% to 40.8% (Fig. 4). About half the plants 
were 0.0% PSC. Inbreeding depression was evident in pro- 
geny 76-3. Many of the seed pods from compatible polli- 
nations swelled normally but on ripening contained small, 
aborted ovules, suggesting female sterility. However, 76-3 
produced abundant pollen. When family 76-3 was polli- 
nated in the greenhouse, the mean PSC was 13.8% and the 
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Fig. 2. Distribution of % PSC in Nemesia strumosa in the green- 
house for the F~ progeny 75-3 and the F a progeny 76-2, and in 
the growth chamber for the F s progeny 76-2 

Table 2. Mean self and compatible cross seed sets and % PSC of Nemesia strumosa 
progenies 76-2 and 76-3 in the growth chamber and in the greenhouse 

Mean self Mean compatible 
Progeny code Location seed set cross seed set % PSC a 

76-2 growth chamber 4.9 55.9 9.3 
76-2 greenhouse 9,6 47.6 23.1 
76-3 growth chamber 4.2 33.3 11.1 
76-3 greenhouse 4.8 35.2 13.8 

a % PSC was calculated by averaging the % PSC of all individuals in a progeny rather 
than by dividing the figures in the mean self seed set column by those in the mean 
compatible cross seed set column 
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range was 0.0% to 55.4% (Fig. 4) which is similar to the 
PSC observed in the growth chamber. A comparison of 
the % PSC in the growth chamber and in the greenhouse is 
shown in Table 1. Some plants slightly increased or de- 
creased their PSC levels in the greenhouse as compared to 
the growth chamber but all maintained the same relative 
degree of PSC. The F4 generation 77-3, produced through 
self pollination of the 55.4% PSC plant, increased to 
78.4% PSC with a range from 22.4 to 100.0% (Fig. 5). 
More than 1/3 of the plants had PSC levels over 90%. Sib 
pollination of the two highest F3 plants yielded the F4 
family 77-4. With a mean PSC of 92.8% and a range of 
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Progeny~ 77- 6 
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Fig. 3. The frequency distribution of % PSC in the F 4 Nemesia 
strumosa progenies 77-5 and 77-6 
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Fig. 4. Distribution of % PSC in Nemesia strumosa in the green- 
house for the F~ progeny 75-2 and the F 3 progeny 76-3, and in 
the growth chamber for the F 3 progeny 76-3 

73.4% to 100.0% PSC (Fig. 5), this population was the 
highest PSC population obtained. Twenty-two out of 30 
plants had PSC levels greater than 90%. 

The other F2 produced through sib pollination of B-1 
was 76-1. This F2 had a mean PSC of 1.1% (Fig. 6). Only 
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Fig. 5. The frequency distribution of % PSC in the F 4 Nemesia 
strumosa progenies 77-3 and 77-4 
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Fig. 6. Distribution of % PSC in the F 2 Nemesia strumosa pro- 
geny 76-1 and the F 3 progeny 76-4 
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Table 3. Mean self and compatible cross seed sets and % PSC of the Nemesia stru- 

mesa parent plants and their Ft, F:, F 3 , and F 4 progenies 

Mean self Mean compatible 
Generation Progeny code seed set cross seed set % PSC a 

Parent 73-20-34 41.5 39.9 100.0 
Parent B74-1-2 0.0 61.3 0.0 

F~ B-1 0.8 78.1 0.9 

F 2 75-3 3.9 52.6 6.8 
F 3 76-2 9.6 47.6 23.1 
F 4 77-5 7.1 25.7 30.5 
F 4 77-6 13.2 34.5 37.7 

F 2 75-2 1.5 56.7 2.3 
F 3 76-3 5.3 34.1 13.8 
F4 77-3 23.6 27.6 78.4 
F,  77-4 37.3 36.9 92.8 

1:2 76-1 0.9 80.9 1.1 
1:3 76-4 2.8 43.2 6.0 

a % PSC was calculated by averaging the 
than by dividing the figures in the mean 
compatible cross seed set column 

% PSC of all individuals in a progeny rather 
self seed set column by those in the mean 
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one plant out of  10 was 0% PSC but the highest PSC plant 
was only 3.7%. When selfed, this plant yielded the F3 
generation 76-4. Mean PSC increased to 6.0%, again with 
only one plant out of  six 0.0% PSC. The highest PSC plant 
was 9.3% (Fig. 6). 

Table 3 compares self seed set, compatible cross seed 
set, and % PSC for all the generations discussed above. 
Note particularly the drop in compatible cross seed set 
from the F1 to the F4 generations because of inbreeding 
depression. A further indication that this decrease in com- 
patible seed set is due to inbreeding depression is shown in 
that the F4 families produced through sib pollination had 
higher compatible seed sets than the F4 families produced 
through self pollination. The increase in % PSC from the 
F1 to the F4 results from a progressive increase in self 
seed set and a decrease in cross seed set. 

Discussion 

Transfer of  PSC from a 100% PSC line to an unrelated 
0.0% PSC line was sucessful. In only four generations of 
inbreeding and selection a 100% PSC progeny was pro- 
duced. Basically, the progress made from the FI to the F4 
generations of the high PSC family 77-3 is comparable to 
that observed by Henny and Ascher (1976) in the three 
generations of  inbreeding and selection that produced the 
high PSC family 73-19. However, unlike the plants used in 
this study, the parents producing the first generation lead- 
ing to 73-19 were related. This was a low PSC x low PSC 

cross and actually resembles the sib cross used to generate 
the F 2 which led to 77-3. 

Comparison of the PSC means and ranges of  each of 
the F2, F 3 and F4 families from the high times low cross 
shows variation among families. Variation among F2 fami- 
lies is expected if, as is likely, the parent plants of  the FI 
were not homozygous. Although the highest PSC plant in 
each F 2 was selected to produce the F3, the plants un- 
doubtedly differed in PSC genotype, therefore increasing 
the variation among lines. The selected F3 plants demon- 
strated that dominance or epistasis give phenotypes which 
mask the potential for producing high PSC offspring as 
the lower PSC F3 progeny produced the higher PSC F4 
progeny (Figs. 2, 3, 4 and 5). 

The importance of environment on % PSC is demon- 
strated by the F3 generations which were pollinated in 
both the growth chamber and the greenhouse. For popula- 
tion 76-2 in particular, very different PSC levels occurred 
in the two environments although the highest PSC plants 
were highest in both environments and the lowest PSC 
plants were lowest in both environments. Therefore, it 
may be better to think of each PSC value as a range rather 
than a fixed number. However, assigning PSC values to 
plants remains a useful technique for classifying plants so 
long as the plants compared are pollinated in similar en- 
vironments. 

Determination of the inheritance of PSC, both in terms 
of the number of  genes and the type of gene action, is 
complicated by the effect environment has on expression 
of PSC. Environment blurs the effects of  individual genes, 



140 Theor. Appl. Genet. 53 (1978) 

producing the same continuous distribution as occurs with 
a large number of genes. Evidence such as response to 
selection suggests, however, that PSC is controlled by a 
small number of genes with rather high additive genetic 
variance. 

Dominance or epistasis or both also contribute to the 
inheritance of PSC. A model which explains the behavior 
of PSC as due to recessive alleles at five or six loci fits 
some, but not all, of  the data. Crossing a 100% PSC plant 
to an unrelated 0% PSC plant produced an FI in which 
most plants were 0% PSC. This suggests that PSC genes are 
recessive at most loci. If  PSC in Nemesia is controlled by a 
small number of recessive genes (i.e. five or six), some 
high PSC plants would be expected in the F2 from this 
high times low cross. Our highest PSC F2 segregate had a 
PSC level of 23.9%, although we tested only 22 F2 plants. 
Richards and Thurling (1973) observed PSC levels in F t ,  
F2 and backcross progenies derived from a high by low 
cross of Brassica campestris. The Brassica F~ and F2 pro- 
genies had PSC levels similar to those of  our F3 Nemesia 
progenies. They found that no 100% PSC plants occurred 
in the F~, F 2 or backcross progenies, although these pro- 
genies were not large. Examination of a larger F2 popula- 
tion or of a larger backcross progeny of an F1 to the 
100% PSC parent may give better information about gene 
number and gene action. Support of the hypothesis of a 
small number of recessive genes will be provided if high 
PSC segregates are found in a large F 2 or backcross pro- 
geny. Henny and Ascher (1976) crossed the 100% PSC 
plant 73-20-34 to the 0% PSC sib, 73-20-33, and obtained 
several high PSC plants. If 73-20-33 carried recessive PSC 
genes at many loci, then these high PSC plants are ex- 
pected. A cross of  73-20-34 to 74-2-4, a low PSC plant 
with no high PSC relatives, produced no high PSC segre- 
gates, suggesting that 74-2-4 carried few recessive PSC 
genes. These data also fit the recessive gene model. 

Support for epistasis may be seen in the rather gradual 
increase in PSC from the F 1 to the F 2 to the Fa, followed 
by a large jump to the F4 in families 77-3 and 77-4. The 
gradual increase may be due to additive and dominant 
gene action while the sharp jump to the attainment of  a 
combination of genes producing total disruption of the 
incompatibility reaction. Furthermore, a 100% PSC plant, 
according to the recessive gene hypothesis, should carry 
only recessive PSC genes and therefore produce only high 
PSC progeny. Although Hermy's data (1976) show no 
very low segregates from self pollination of high PSC 
plants, intermediate level plants occur. This implies that 
not all loci in a 100% PSC plant must carry recessive PSC 
alleles. Perhaps a particular number or combination of loci 
is required for complete self incompatibility breakdown. 

The tendency for higher PSC progenies to occur in 
lines produced through sib pollination rather than through 
self pollination also suggests epistatic gene action. In the 

F3, some PSC genes were probably fLxed in the homozy- 
gous state, different genes being fixed in different indi- 
viduals. Both self and sib pollination will uncover some 
recessive genes and therefore give rise to increased PSC in 
later generations but sib pollination will also produce new 
gene combinations which may lead to even higher PSC 
progenies. If a large F 2 of a high times low plant yields no 
high plants, a backcross of  the F1 to the high parent gives 
no high progeny and a true breeding 100% PSC plant 
cannot be obtained, an epistatic gene action model would 
be even more compelling. 

PSC, like self incompatibility, is not understood bio- 
chemically. Malfunctions at any of many steps of the self- 
incompatibility reaction may cause PSC. Many genes must 
exist which code for enzymes and other substances neces- 
sary for the functioning of the self-incompatibility sys- 
tem. Minor coding mistakes which reduce the efficiency 
of a reaction or the quantity of a necessary substance, 
may weaken the incompatibility reaction and produce the 
PSC phenotype. Some mistakes may cause more drastic 
effects on the incompatibility reaction and be more sub- 
ject to environmental modification than others. There- 
fore, a particular combination of PSC genes may drama- 
tically affect the PSC phenotype. Genetically, this may 
appear as epistasis. Genes producing the normal self- 
incompatibility reaction are expected to be dominant over 
these PSC genes. 
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