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Sporophytic Recognition of Pollen S Alleles in the
Gametophytic Self-Incompatibility System of Nemesia strumosa Benth.!

R.J. Henny and P.D. Ascher

Department of Horticultural Science, University of Minnesota, St. Paul (USA)

Summary. Several seedlings of Nemesia strumosa with various levels of pseudo-self-compatibility (PSC) often
produced more seed after self pollination than when pollinated using pollen from incompatible plants bearing
the same S alleles. Sporophytic recognition of self pollen apparently increases PSC levels above those attrib-
utable to modifying genes which interfere with normal stylar activity.

Introduction

Self incompatibility promotes genetic diversity in
plants by preventing self fertilization even though an
individual contains functional ovules and pollen. Gam-
etophytic and sporophytic self incompatibility are two
types of incompatibility systems existing in homomor-
phic flowering angiosperms. Both systems depend on
a series of alleles at the S locus to control the in-
compatibility reaction. In the gametophytic self-in-
compatibility system (East and Mangelsdorf 1925),
the particular S allele in the pollen grain determines
specificity. Matching specificity between the S allele
in the haploid pollen tube with either of the two in the
diploid style inhibits normal pollen tube growth. Slow
growing pollen tubes rarely traverse over half the
total stylar length in the time needed to insure ferti-
lization. In the sporophytic system (Hughes and Bab-
cock 1950; Gerstel 1950), pollen specificity is deter-
mined by the S genotype of the diploid pollen produc-
ing parent, regardless of the individual S allele car-
ried in the pollen grain. Matching identity between
either or both of the two pollen specificities with
either or both of the two stylar specificities results
in failure of the pollen tubes to penetrate the stigmat-
ic surface.

Pseudo-self-compatibility (PSC) occurs when
plants with a functional self-incompatibility system
yield seeds following self pollination. PSC levels
are usually low but can reach levels approaching
true self compatibility. This inefficiency of the in-

compatibility mechanism has been attributed to

1 Scientific Journal Series Paper Number 9546 of the
Minnesota Agricultural Experiment Station.

polygenic modifying genes inhibiting S gene activity
(Atwood 1942; Mather 1943; Denward 1963; Taka-
hashi 1973). In Nemesia strumosa, where the gameto-
phytic system of self incompatibility operates (Ri-
ley 1933), we found progenies containing individuals
expressing levels of PSC ranging from none or
slight to those resembling self compatibility. This
phenomenon was a stylar-conditioned effect as plants
with high levels of PSC set no seed when crossed as
male with tester plants of the same S genotype (Hen-
ny and Ascher 1976).

Although pseudo-self-compatible nemesias bore
pollen with a functional incompatibility reaction,
oftentimes the self seed yield of an individual was
higher than the seed set from crosses involving in-
compatible male plants bearing the same S alleles.
If PSC in Nemesia was indeed simply stylar condi-
tioned, then self and cross pollination with males of
the same S genotype should produce nearly identical
seed sets. For example, an 82.3 plant seemed less
able to prevent fertilization by its own pollen than

2.2* 53.3 °T
82 3 plants. It is as though identical S alleles from

by pollen from other incompatible S

separate plants have sporophytic differences which
are somehow recognized in the style and serve as the
basis for enhancement or reduction of the gametophyt-
ic incompatibility reaction. We first noticed the dif-
ferences between self and tester cross sets while
studying PSC in Nemesia. The unique nature of the
results caused us to investigate them further.

Materials and Methods

Nemesia seedlings were grown under continuous light-
ing until near the flowering stage in plastic pots con-
taining equal parts peat moss, perlite and soil. A
numerical code was given each plant with the first
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two segments showing the progeny code and the last
segment the seedling number; seedling 73-20-28 re-
fers to the 28th plant in progeny 73-20. Some plants
{populations 73-1, 73-13 and 73-15) were tested in
growth chambers held at 13°C nights and 19°C days
with a 16-hr photoperiod while all others were
tested during the fall, winter and spring seasons in
greenhouses held at 13°C nights. Flowers were
emasculated and pollinated on the day of anthesis.
Ripe seed pods were harvested and seed made. Most
plants were self pollinated 5-7 times or more with
tester crosses being made at least twice and often
5-7 times also. Throughout this paper the term test-
er cross will refer to tester plants, of known S gen-
otype, used as male on individuals which contained
the same S alleles. Tester plants, both homozygous
and heterozygous for S alleles, were selected for
their strong incompatibility reaction. The mean seed
set was computed for each type of pollination. Chi-
square tests were conducted to test the hypothesis
that mean self and tester cross seed sets, from each
type of tester used, were equal. Differences at the
95.0% level were considered significant.

Results

A summary of Chi-square test results for each of 14
progenies (Table 1) and a sample of seedlings show-
ing typical differences (Tables 2-4) are given. Chi-
square tests showed a significant difference between
self and tester cross seed sets in 95 of the 274 plants
tested. Among those 95 plants there were 142 com-
parisons between self and tester cross seed sets
which were significantly different. Tester cross seed
set was significantly less than self in 137 of those
cases.

Of the 95 plants with significant differences, 64

were S seedlings spaced throughout 6 populations

2.3
(Table 2). Each of the plants had been tested with
S;.20 S3.3 804 5, 3
of the S, , tester with the self seed set (Table 2)

showed that in 56 of 64 cases there was a significant

testers. Paired comparisons

difference. Tester crosses with 53_3 and 52_3 test-
ers were significantly different than selfs 22 and 34
of 64 times respectively. In only 5 instances, once
with Sz.2 and S3.3
testers, did the tester cross seed set significantly
exceed selfs (Table 2).

In population 73-~1, 6 of 11 seedlings produced

testers and 3 times with 52 3

significantly less seeds when an 53.3 tester was used
as male, compared to selfs (Table 3). Two seedlings
(73-1-1 and 73-1-4) were crossed with one Sy.2
plant (72-4-3) to give progenies 73-13 and 73-15
respectively. Progeny 73-13 yielded 4 of 9 and
progeny 73-15 produced 5 of 11 82.3 seedlings

Table 1. A summary of Chi-square test results, in 14
separate progenies, showing the number of Sz.2, Sz.a
and Ss,a Nemesia seedlings with significant differences
between their mean self and tester cross seed sets

S Genotype and

Number of Plants Number of Plants

Population Tested with a Significant
Sz.z2 Sz.s Sa.a  Difference®
73-1 - - 11 6
73-13 - 9 - 4
73-15 - 11 - 5
74-4 6 - - 2
74-4 - - 12 1
74-4 - 18 - 7
74-5 - 42 - 23
74-6 - 35 - 5
74-7 - 16 - 0
74-8 - - 14 2
74-9 - 17 - 14
74-12 - 6 - 0
74~-15 - 19 - 8
74-16 - 12 - 2
74-17 - 10 - 6
74-17 19 - - 2
74-18 - - 8 1
74-18 - 9 - 7
Totals 25 204 45 95

® Significantly different at the 95% level.
with significantly less seeds from Sz. 2 and S3. 3
testers than selfs (Table 4). In 2 of 18 compari-
sons among plants where significant differences
were found, one of the two homozygous tester cros-
ses did exceed self seed set (Table 4) but each time
the larger tester cross seed sets were not signifi-
cantly different from the self while the lower seed
sets were.
One S, , seedling (73-20-34) averaged 42.6

seeds per selfing. However, seed set with S test-

ers was a significantly less 20.7 seeds wh112.§3.3
testers averaged 28.8 seeds which was not signifi-
cantly different from self set. An S3.3 seedling
(74-1-5) had a mean of 40.2 seeds per self pollina-
tion but a significantly less 12.0 seeds with 83.3
testers. One or the other, or both plants were a
parent in several of the progenies in this study (pro-
genies 74-4, 74-5, 74-6, 74-8, 74-15, 74-17 and
74-18).

Discussion

The PSC we observed in Nemesia strumosa isnot sole-
ly caused by modifying genes reducing the level of

stylar activity in the self-incompatibility reaction.
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Table 2. The mean seed sets of Nemesia seedlings, from six progenies, which showed significant differences be-
tween self and tester cross seed sets (determined by Chi-square tests). All seedlings were Ss.; and were tested

with Sz, Sa.z and Sz.z testers

Type of Tester (Male)

Seedling Self Sz.z 83.3 82.3
74-4-5 35.0 7.3 21.7 44.3
74-4-11 34.4 24.0 34.0 57.5°
74-4-12 37.4 10.5% 23.2 18.3%
74-4-19 60.7 11.3° 48.8 46.7
74-4-33 41.5 19.3% 30.7% 21.5%
74-4-34 41.6 21.8° 47.3 54.5
74-4-41 40.0 15.5%% 49.5 47.0
74-5-6 45.6 17.5% 36.8 29.2
74-5-7 33.3 15.5° 41.8 17.0%
74-5-9 41.1 11.3° 32.5 19.0°
74-5-10 55.1 34.2° 24.0°% 52.0
74-5-13 60.9 28.5% 49.5 46.0
74-5-14 42.6 19.7° 31.0 30.8
74-5-18 38.4 33.0 26.0 17.3®
74-5-19 19.8 9.0* 40.0° 24.8
74-5-20 51.0 34.0 26.8° 24.0°
74-5-25 58.9 17.0% 43.8 24.0°
74-5-26 58.2 19.0° 22.2° 33.2°
74-5-28 46.8 7.5% 40.7 44.0
74-5-29 57.4 29.2% 28.2% 49.2
74-5-31 51.5 27.5% 33.5 39.0
74-5-32 59.1 12.4* 23.8% 19.8%
74-5-37 61.1 36.0% 37.7° 37.2°
74-5-38 62.0 28.2% 46.2 48.0
74-5-42 31.5 10.0° 11.5% 21.8
74-5-43 43.1 20.0° 35.0 29.3
74-5-44 55.6 25.5° 53.5 37.2
74-5-45 45,7 25.0° 46.5 45.8
74-5-47 30.0 8.5% 28.8 23.3%
74-5-48 60.8 27.5% 53.8 46.6
74-9-7 18.2 0.3% 20.5 3.0
74-9-11 14:9 0.5° 1.7% 1.2°
74-9-13 27.1 4.0" 24.8 29.5
74-9-14 10.3 0.0* 5.0 4.8

While reduction in stylar activity does account for
various levels of PSC, especially when measured
by crosses with males of identical S genotype, esti-
mates of self seed yield are inflated by increased
seed production on certain individuals able to sporo-
phytically recognize self pollination. Styles of these
individuals appear to be more capable of carrying
out the self-incompatibility reaction with matching
S alleles from other plants than with matching S al-
leles from self pollination. High-temperature-in-
duced PSC (Campbell and Ascher 1972) should not
have been a factor in the cool greenhouses or growth
chamber. Similarly, tester cross results rule out
the presence of pollen-part or stylar-part mutants
or S, alleles (Henny and Ascher 1976).

According to different gene action models (Ascher

1966; Lewis 1965), the incompatibility substance may

Type of Tester (Male)

Seedling Self Sz.2 83.3 52.3
74-9-16 15.6 0.2* 9.5 13.2
74-9-18 37.3 11.0% 32.7 13.2°
74-9-19 25.1 6.5° 8.3 12.2°
74-9-21 10.7 0.0° 1.2° 3.2*
74-9-22 16.0 0.4° 20.2 19.2
74-9-23 5.4 4.0 15.2° 13.0
74-9-26 18.2 2.8° 20.0 11.2
74-9-27 20.6 3.7° 25.4 8.4
74-9-28 13.6 0.8* 4.5° 3.8°
74-9-30 4.1 0.0° 7.0 6.6
74-15-1 0.0 0.0 5.5° 0.0
74-15-2 6.6 0.2° 5.2 0.0°
74-15-3 11.3 6.8 0.0* 2.8°
74-15-4 17.3 1.0° 15.5 12.0
74-15-8 21.8 4.5° 11.2 1.7°
74-15-12 10.5 2.5 12.0 1.0°
74-15-16 35.9 15.3® 39.2 17.8
74-15-22 4.4 23.5° 11.5 0.0*
74-17-1 9.3 1.3 0.6° 1.1°
74-17-13 17.4 5.0° 19.7 7.4°
74-17-17 14.0 2.9 12.4 1.0%
74-17-19 16.6 2.18 9.2 5.9°
74-17-22 20.0 2.4° 11.3 2.5
74-17-25 22.6 6.6 4.0° 8.2°
74-18-7 20.0 3.3 8.9° 14.0
74-18-8 37.1 10.1° 39.3 13.7*
74-18-12 40.9 7.6° 15.8% 16.8%
74-18-14 58.5 6.2 14.0° 12.0°
74-18-15 8.9 1.4 11.0 1.0%
74-18-17 39.1 8.7° 27.0 12.4°

* Significantly less than self at the 95% level.
® Significantly greater than self at the 952 level.

be formed by the combination of half-repressor mole-
cules (either monomer or dimer), one each from the
style and pollen. The key to the reaction is the success-
ful joining of the half-repressors into the functional
incompatibility substance inside the pollen tube. Stylar
conditioned PSC could be caused by genetic factors
limiting substrates for or synthesis of the stylar in-
compatibility substance, its secretion into the style,
or iis transport into the pollen tube. Because of defi-
ciency of stylar molecules, less functional repressor
would be formed leading to PSC.

Both of the gene action models for self incompati-
bility offer an explanation for the apparent sporophyt-
ic recognition of self pollination we observed in
Nemesia. These models call for a polymerization of
similar monomers to explain recognition, but this

polymer must function as a repressor. Small errors



18 R.J. Henny and P.D. Ascher: Sporophytic Recognition of Pollen S Alleles

Table 3. The Chi-square test results comparing the
equality of mean seed sets from self and tester cross
pollinations on 11 Sz, Nemesia seedlings in progeny
73-1

S Tester

3.3

Seedling No. Self as Male P

1 21.7 8.0 0.025-0.01
2 14.4 7.3 0.25 -0.10
3 1.4 1.0 0.90 -0.75
4 16.0 3.7 0.01 -0.005
5 13.1 1.8 0.005

6 14.2 7.0 0.25 -0.10
7 13.0 1.7 0.005

8 15.1 5.0 0.025-0.01
9 11.7 10.0 0.75 -0.50
11 16.1 3.6 0.005

12 4.1 2.2 0.50 -0.25

Table 4. The Chi-square test results comparing the
equality of mean seed sets from self and tester cross
pollinations on 9 Sz, Nemesia seedlings in population
73-13 and 11 S,.; seedlings in population 73-~15

Sa.2 Saus
Seedling  Self Tester Tester P
as Male as Male

73-13-1 1.3 0.0 0.0 0.25 -0.10
73-13-2 0.5 1.0 0.3 0.90 -0.75
73-13-3 18.4 0.0 3.0 0.005
73-13-4 10.1 0.0 6.3 0.25 -0.10
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 -0.25
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 -0.25
73-15-4 10.8 7.5 5.8 0.50 -0.25
73-15-5 7.8 10.4 0.0 0.01 ~-0.005
73-15-6 5.0 0.0 1.0 0.05 -0.025
73-15-7 2.0 0.0 1.8 0.50 -0.25
73-15-8 2.8 0.0 0.7 0.25 -0.10
73-15-9 1.2 0.0 0.0 0.50 -0.25
73-15-10 0.0 0.0 0.0 0.995
73-15-11 2.5 0.0 0.0 0.025-0.01

in the synthesis of these monomers might hinder their
ability to join, or if joined may affect the regulatory
function of the polymer. If genetically determined,
these small errors should occur in both the pollen-
and the stylar-portions of the recognition molecules
for by both theories, pollen and stylar specificity are
coded by the same gene. Upon self pollination, these
small errors may act synergistically, resulting in
less functional repressor than an incompatible out-
cross. Then incompatible tester crosses (tester

plants as male) would measure the amount of stylar
conditioned PSC in a plant determined by modifying
genes other than the S gene and self seed set above
this level would be due to the synergistic effects of
combining small structural errors occurring in the
transcription and translation of the half-repressor
molecules coded by the specificity (S) gene.

In essence we are talking about a form of genetic
complementation. Small errors in the half-repressor
molecules of a particular allele may be complemented
by subtle structural differences in the half-repressor
molecules of the same allele from a plant with a dif-
ferent genetic background. Such complementation
would lead to a more efficient incompatibility reac-
tion and less PSC.

We cannot state conclusively that this phenomenon
is linked to a particular S allele, although a higher
frequency was associated with the Sz. 2 and Sz. 3
3.3° The differences be-

tween self and tester cross seed set were usually

genotypes compared with S

realized in plants expressing a fairly high level of
PSC. As tester cross seed sets only rarely exceeded
self, such highly PSC plants are necessary for they
allow a range within which differences can be detect-
ed. We are now able to generate progenies of Nemesia
with high levels of PSC. Future research will be con-
ducted to clarify the inheritance of these differences.
Our explanation of the current results may not be the
only one possible, but it does allow for differential
inhibition of identical S alleles, from separate plants,

in a single style.
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