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Self-incompatibility (SI) is a genetic mechanism that restricts in-
breeding in flowering plants. In the nightshade family (Solanaceae)
Slis controlled by a single multiallelic S locus. Pollen rejection in this
system requires the interaction of two S locus products: a stylar
(S)-RNase and its pollen counterpart (pollen S). pollen S has not yet
been cloned. Our understanding of how this gene functions comes
from studies of plants with mutations that affect the pollen but not
the stylar Sl response (pollen-part mutations). These mutations are
frequently associated with duplicated S alleles, but the absence of
an obvious additional allele in some plants suggests pollen S can
also be deleted. We studied Nicotiana alata plants with an addi-
tional S allele and show that duplication causes a pollen-part
mutation in several different genetic backgrounds. Inheritance of
the duplication was consistent with a competitive interaction
model in which any two nonmatching S alleles cause a breakdown
of SI when present in the same pollen grain. We also examined
plants with presumed deletions of pollen S and found that they
instead have duplications that included pollen S but not the
S-RNase gene. This finding is consistent with a bipartite structure
for the S locus. The absence of pollen S deletions in this study
and perhaps other studies suggests that pollen S might be required
for pollen viability, possibly because its product acts as an S-RNase
inhibitor.

elf-incompatibility (SI) in many plant families is controlled

by a multiallelic S locus that enables a style to reject any
pollen expressing the same § allelic specificity as itself (1). In
the Solanaceae, the family that includes tobacco, tomato, and
petunia, SI is described as gametophytic because the allelic
specificity of each pollen grain is determined by its own
haploid genotype. The S locus in this family encodes a secreted
extracellular RNase [stylar (S)-RNase] that accumulates in the
style (2). Recognizing which S allele each pollen grain ex-
presses is thought to require an interaction between the
S-RNase and an unknown product(s) of a second § locus gene
called pollen § (3, 4).

As part of a strategy to identify pollen S, we isolated Nicotiana
alata plants with gamma ray induced mutations that specifically
affect the SI phenotype of pollen but not the SI phenotype of the
style (5). Such plants are called pollen-part mutants (PPMs).
Because ionizing radiation can cause either the deletion of part
of a chromosome or chromosomal aberrations such as translo-
cations, inversions, and fragments (6), the mutations in PPMs are
likely to be complex because they can arise through one of a few
different types of lesion.

Among the PPMs described so far, the most frequent types of
lesion are either translocations or small “centric” fragments
(short extra chromosomes) that carry a duplicated copy of an §
allele (5, 7-10). Breakdown of the pollen SI response in these
plants occurs because of a “competitive interaction” that enables
pollen with two different S alleles (but not two identical S alleles)
to grow through an incompatible style (7). Apart from PPMs,
competitive interaction is also the reason why in some families
tetraploids that are derived from self-incompatible diploids are
self-fertile (11-14).
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Several studies have identified PPMs with apparent deletions
of pollen S (“true” PPMs), as well as PPMs with centric
fragments that apparently lack an § allele (5, 8, 15). Consistent
with this interpretation, molecular analyses of these plants,
where done, have found no evidence of extra S-RNase genes in
the genome (5, 16).

We previously characterized pollen-part mutations in seven N.
alata plants by crosses and by probing DNA blots with S-RNase
cDNAs (5). Four plants (named M1-1, M1-6, M1-7, and M1-11)
carried duplicated S;3 (dS;) alleles, which indicated competitive
interaction as the likely reason for the breakdown of SI. The dS;
allele was on a centric fragment in M1-1, M1-6, and M1-11, and
was part of a translocation in M1-7. No duplicated S-RNase
genes were present in the other three plants (M1-2, M1-5, and
M1-10), although a centric fragment was associated with the
pollen-part mutation in the M1-2. Because there is no evidence
of duplication in M1-5 and M1-10, it is possible that they carry
lesions in pollen S. Here we extend our description of the role of
competitive interaction in the pollen-part mutation phenotype.
We also define the genomic region required for competitive
interaction by using cDNAs for genes linked to the S locus (17).
When these cDNAs were used to examine the size of the likely
S locus deletion in the three true PPMs, part of a duplicated S
allele was found in each plant. Our findings are discussed in light
of current models of the molecular basis of SI in solanaceous
plants and of the potential uses of duplicated § alleles in cloning
pollen S.

Materials and Methods

Plant Materials and DNA Blot Analysis. N. alata lines homozygous
for the S3 and Sy alleles and the Melbourne collection of N. alata
PPMs (M1-1 to M1-18) have been described (5, 18). Plants were
maintained in glasshouses as described (18). Pollen-part muta-
tions were moved into an SsSs or an S3Ss background by
backcrossing M1 plants to S35 self-incompatible plants and
selecting progeny with the appropriate combination of § alleles.
These backcrossed progeny are indicated in the text by the suffix
“b.” DNA blot analysis was performed as described (5) and the
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blots were probed with either S-RNase cDNAs or cDNAs for the
indicated S-linked genes (17).

Breeding Analysis. Tri-allelic PPM plants (i.e., PPMs that express
three S allele specificities in their styles) were obtained by
crossing M1-1 (genotype S6S6dS3) to S157, S252, and S7S7 plants
as described (5). Pollen collected from an S,S+dS; plant was used
to pollinate styles of an S,Ss plant (where x = 1, 2, or 7). The
resulting progeny were self-pollinated by spreading pollen from
a dehiscent anther over the stigmas of four or more flowers.
Pollinations were compatible if a large capsule developed and
incompatible if the flower abscised in the week following
pollination. To determine the stylar SI phenotype of a plant,
immature floral buds were emasculated and pollinated with
pollen from a plant of known S genotype soon after petal
opening. Four such pollinations were usually done for each plant.
The reciprocal cross was used to determine the SI phenotype of
a plant’s pollen.

Cytology and Fluorescent in Situ Hybridization. For cytology, root
tips harvested from hydroponically grown plants were fixed and
stained with orcein as described (5). For fluorescent in situ
hybridization (FISH), freshly harvested root tips were incubated
in saturated a-bromonaphthalene for 2 h, washed, fixed in
ethanol:acetic acid (3:1), and then transferred to 70% ethanol for
storage at 4°C. Stored root tips were washed in water, incubated
with a mixture containing 2% cellulase (“Onazuka” RS, Yakult
Pharmaceutical, Tokyo) and 20% pectinase (Sigma), then fixed
on a glass slide and gently macerated with 26-gauge hypodermic
needles. Slides were dehydrated in an ethanol series and incu-
bated with 100 ng of a 484 gene probe that had been labeled by
random priming (Boehringer Mannheim) with digoxigenin
(DIG). The 484 gene probe was a 4-Kb EcoRI genomic frag-
ment identified by screening a N. alata genomic library (SsSs
genotype) with a 484 cDNA probe (17). The sequence of this
fragment has been deposited in the GenBank database (acces-
sion no. AJ277643). After hybridization, slides were washed in
50% formamide/1x SSC (1Xx SSC = 0.15 sodium chloride/0.015
M sodium citrate, pH 7) and blocked in 1% BSA/4X SSC. Root
tips were incubated in a 1/10 dilution (in 4 X SSC) of fluorescein-
labeled sheep anti-DIG Fab fragment (Boehringer Mannheim),
washed in 4X SSC/0.05% Tween 20, covered with Vectashield
(Vector Laboratories), and stained with propidium iodide. Root
tips were examined under a confocal laser beam (Leica, Deer-
field, IL) using a X 100 lens attached to a Leica microscope (Leitz
DM RBE). Images were captured by using 4D scanner (Leica)
and digitally processed by using SCANWARE (Version 4.2 beta)
software.

Results

Competitive Interaction Occurs Between a Duplicated S Allele and
Other S Alleles. We previously showed that dS3 can competitively
interact with an S allele in pollen (5). To exclude the possibility
that competitive interaction only occurs between these alleles,
we moved dS; into genetic backgrounds where it would interact
with other § alleles. A series of crosses was performed to bring
the dS; allele in M1-1 and the Sy, S, and S alleles together. PPM
plants of genotype S,S¢dS; (wherex = 1, 2, 7) were identified in
families produced by crossing M1-1 (S655dS3) and a homozygous
plant of the appropriate S genotype (e.g., S15;). These plants
were then crossed to S.Ss plants and the resulting families
characterized by pollination and by DNA blot analysis with
S-RNase cDNA probes. Table 1 shows the classes of progeny
present in each family. For instance, $1S; PPM, S3;S¢ PPM, and
S1S3S¢ PPM plants were present in the family obtained by
crossing an §;54dS; plant and an S;Ss plant. Presence of S;- and
S3-RNase genes in S1S; PPM plants is consistent with these
plants having an S;5;dS; genotype. Pollen-part mutations pre-
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Table 1. Summary of breeding and DNA blot analysis for
families derived from M1-1

S phenotype

w No. of

Cross* Pollen Style progeny S-RNase genes®

5156 X $156dS3 PPM S1S3 5 S+ S3(4)
PPM S3Se 9 S3 + S6 (3)
PPM 515356 5 S1+ S3+ S (5)
INC S1Se6 1 S1+ Se (1)

5556 X §5556dS3 PPM S2S3 6 52+ 53(4)
PPM S3Se 6 S3 + S6 (4)
PPM S25356 7 S>+ S3+ S6(4)

S657 X S65,dS3 PPM S35, 4 S3 + S7(4)
PPM S3Se 5 S3 + S6 (4)
PPM 35657 6 S3+ Se + S7(4)
INC S6S7 1 Se + S7(1)

INC, pollen incompatibility response was the same as a wild-type plant.
*In each case the PPM was the staminate parent in a cross to the indicated
pistilate parent.
The number of plants examined by DNA blot hybridization is indicated in
parentheses.

sumably arise in these plants because the §; allele and dS; can
competitively interact. Because similar classes of PPM plant
were seen in the other two families, dS; can clearly competitively
interact with the S;, S, and S alleles in pollen. Self-incompatible
plants in these families may have arisen because the centric
fragment containing dS; was present in a pollen tube’s vegetative
cell but not in either or both of its sperm cells, or because the
centric fragment failed to be passed on to all cells during mitosis
in the early embryo.

Markers Define Sizes and Locations of Duplicated S Alleles. To
identify the minimum region of the § locus required for com-
petitive interaction, DNA blot analyses with three S-linked genes
were used to examine the extent of the duplications in M1-1,
M1-6, M1-7, and M1-11. The pollen-expressed genes 484 and
167A are separated from the S locus by no more than 0.7 cM and
by 0.6-1.3 cM, respectively (17). CP100 is a leaf-expressed gene
from potato (Solanum tuberosum) (19) that detects a N. alata
homologue closely linked to 484 (17). Fig. 1 shows Southern
blots of genomic DNA from the PPMs or their progeny. M1-1,
M1-6b, M1-7b, and M1-11 were genetically SsSsdS; and, as
expected, carried both the S3- and S¢-RNase genes (Fig. 14).

Hybridization of M1-1 (S656dS3) genomic DNA to the 484
probe detected the restriction fragment-length polymorphisms
(RFLPs) associated with S3 (484-3) and Ss (484-6), indicating
that the dS; in M1-1 extended to 484 (Fig. 1B). Three RFLPs
(484-3 and 484-6 from M1-1 and the 484 RFLP associated with
S1, S2, or §7) were also present in the PPM progeny from the
M1-1 outcross families described above (data not shown). M1-1
contained the CP100 RFLP associated with S; (Fig. 1C) but not
the 1674 RFLP from S; (Fig. 1D), indicating that the dS; in this
plant included CP100 but not 167A.

Duplications of 484-3 were also found in M1-6b, M1-7b, and
M1-11 (all §6S6dS3), demonstrating that 484 was present on the
dS;s from these plants as well (Fig. 1B). Similarly, CP100-3 was
present in M1-6b and M1-11, but not in M1-7b (Fig. 1C). 1674-3
was found in M1-6b and M1-7b, but not in M1-1 or M1-11 (Fig.
1D). This interpretation of Fig. 1D is not affected by the slight
variation seen in the mobility of 167A4-3, which is of unknown
origin. As 1674 is genetically further from the S locus than either
48A or CP100 (17), the presence of 1674-3 on the dS3 in M1-6b
is consistent with the centric fragment in this plant being
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Fig. 1. DNA blot analysis of Sl and M1 plants. DNA blot analyses used 10-ug
genomic DNA from the indicated homozygous Sl lines and representative M1
plants. DNA was digest with either Hindlll (A, C, and D) or Sacl (B). Filters were
probed with 32P-labeled S3-RNase and Sg-RNase cDNAs (A), 48A (B), CP100 (C),
or 167A (D). The identity of S-RNase, 48A, CP100, and 167A RFLPs are indicated
at the right of the figure.

significantly larger than the centric fragments in either M1-1 or
M1-11 (5).

Locating Duplicated S Alleles by FISH. FISH with a 484 gene probe
was performed on mitotic root-tip cells to confirm the chromo-
somal locations of dS; indicated from genetic analyses. This gene
was chosen because it enabled all of the § alleles in a cell to be
detected simultaneously. In control experiments with S¢S¢ and
§385 cells the 484 probe hybridized with equal intensity to one
end of a pair of chromosomes (Fig. 2.4 and B). 484, and hence
the S locus, was thus close to the centromere of a telocentric or
subtelocentric chromosome. This is consistent with previous
cytological analysis of the N. alata S locus (9) and with the
chromosomal location of the § locus in tomato and Petunia
(20-22). 484 labeling of the centric fragment was observed in
M1-1 root-tip cells (Fig. 2C), showing that 484-3, and therefore
dS;, was on the centric fragment in this plant. 484 labeling was
found on three metaphase chromosomes of M1-7 (835+dS;
genotype, Fig. 2D), consistent with dS; being part of a translo-
cation in this plant.

Fig. 3 shows an order for the genes on the S-bearing chromo-
some that is consistent with the RFLP and FISH analyses.
Centric fragments arise by radiation-induced breakage of the
long arm of the chromosome, with the size of the fragment being
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Fig. 2. Fluorescent in situ hybridization of a 48A genomic probe to meta-
phase chromosomes of Sland M1 PPM plants. Fluorescent detection of digoxi-
genin (DIG)-labeled probes hybridized to S¢S chromosomes (A), S353 chromo-
somes (B), M1-1 chromosomes (C), M1-7 chromosomes (D), and M1-5
chromosomes (E). The probe used was a 4-Kb EcoRI fragment containing 48A.
Yellow spots show hybridization of the DIG-labeled probe. (Scale bars, 10 um.)

determined by the position of the break. M1-6 has the longest
centric fragment and hence has the distal 1674 gene. The M1-1
and M1-11 fragments lack this gene because they arose from
more proximal breaks. Loss of CP100-3 from the M1-7 trans-
location places CP100 between the S locus and the centromere.

48A Detects Partially Duplicated S Alleles in “True” PPMs. It is
possible that M1-2, M1-5, and M1-10 have lesions in pollen S
because they are genetically S656 and only carry the S-RNase
gene (Fig. 14). To see if this lesion was due to a deletion, we
assessed the integrity of the S locus in these plants by DNA blot

M1-6
M1-1/M1-11 eSS Centric
fragments
M1-2
M1-7 Translocation
M1-5/M1-10 Unegqual
crossover

Fig.3. Figure showing proposed order of S-linked genes in seven PPM lines.
Each line represents a duplicated S-bearing fragment in a PPM plant and each
gene is indicated by a box. The name of the PPM is shown at the left and the
type of duplication (centric fragment, translocation or unequal exchange) is
shown at the right. Spacing between genes is arbitrary. A circle marks the
presumed centromere at one end of the S-bearing chromosome.
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Table 2. Summary of breeding and DNA blot analysis for
families derived from M1-2

S phenotype

m No. of Centric
Cross* Pollen Style progeny fragment? 48A RFLPs*
S$3S6 X S3Sgd$§ PPM S3Se 8 1(1) 3+6(4)
PPM  SeSe 10 1(1) 3+6(4)
5151 X $356dS5 INC S1S3 11 1(2) 1+ 3(5)
INC  S4Se 9 0(2) 1+6(@3)
PPM  S4Se 2 2(2) 1+3+6()
5252 X 535¢dS5 INC S2S3 5 1(2) 2+ 3(5)
INC  S:Se 3 0(1) 2+6(3)
PPM  S,Se 1 2(2) 2+3+6(1)

INC, pollen incompatibility response was the same as a wild-type plant.
*In each case the PPM was the staminate parent in a cross to the indicated
pistilate parent.
"The number of progeny with a centric fragment (number of plants examined)
is indicated.
*The number of plants examined by DNA blot hybridization is indicated in
parentheses.

analysis with the S-linked genes. 484-3 and CPI100-3, but not
167A4-3 RFLPs were found in genomic DNA from M1-2b, M1-5
and M1-10b (S6S6) indicating part of an S3-bearing chromosome
was present in all three plants (Fig. 1 B-D). This opened up the
possibility that the pollen-part of an S; allele (but not of the
S;-RNase gene) had been duplicated in these plants, and that the
mutations were hence caused by competitive interaction. Ab-
sence of the S3-RNase gene means the duplications can cause
pollen-part mutations without changing the plant’s stylar S
phenotype. The partial S; alleles that are presumed to be in
M1-2, M1-5, and M1-10 will be referred to as dSsP (for duplicated
S; pollen-part only).

We investigated whether the putative dSs;P could cause the
pollen-part mutations in these plants by analyzing segregation in
outcrossed (to plants homozygous for the S; or S, alleles) and
backcrossed (to 356 plants) families. Presence of dS;P in a plant
was inferred from the 484-3 RFLP.

Table 2 shows the data for M1-2, which we concluded was S3S4
with dS3P on a centric fragment (53S6dS3P). Competitive inter-
action between S and dS;P accounted for the presence of S;Sg
PPMs and S¢S¢ PPMs, and absence of S;S; PPMs, in the
backcrossed family. Presence of the centric fragment in all of the
backcross PPM progeny was consistent with dSsP being part of
the fragment in M1-2. Competitive interaction also accounted
for the breakdown of SI in the S1S¢ and S,Se plants that inherited
dSsP and the centric fragment. The alternative hypothesis, that
pollen S has been deleted from the Sy allele, cannot account for
the presence of self-incompatible §;Ss and S,Ss plants. Curi-
ously, cytology indicated that some self-incompatible S;S; and
S,S5 plants inherited the centric fragment (and 484-3) but not
the pollen-part mutation. This finding is difficult to explain if
competitive interaction can occur between dS;P and the S; and
S5 alleles. However, as this was only seen when dS;P and the S3
allele were inherited together through pollen, we hypothesize
that dS;P may have become a target for gene silencing.

Our analysis of M1-5 was complicated by the fact that this
plant is an S¢S¢ PPM with a mutation that lowers stylar S-RNase
expression by one of its S; alleles (5). When not complemented
by a wild-type Si allele, the level of Se-RNase made by this allele
(S6*P™) is insufficient to reject S pollen. M1-5 thus is both a
pollen-part and a style-part mutant (SPM) and genetically is
S$656°P™. The S¢°P™ allele is, however, incompletely penetrant and
reverts at high frequency to a functional Ss allele (5). Because
M1-5 also has a putative dS;P, its genotype can be written as
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S656°P™dS3P. An outcross between M1-5 and an S,S, plant would
therefore result in four phenotypic classes, assuming the S locus
and the pollen-part mutation segregate independently: self-
incompatible S,S¢ plants, S;S¢ PPMs (5256dS5P), S2S, PPM/SPM
plants ($256P™dS3P), and S,S; SPM plants (5256P™). An analysis
of 22 outcrossed plants (10 S,Se, 11 S,S¢ PPM, and 1 S,S;
PPM/SPM) found 484-2 and 484-6 in all plants. Significantly,
48A4-3 was found in all of the PPM plants but in none of the
self-incompatible plants (data not shown). The absence of S,S;
SPM plants in the outcross family suggested dS;P might be linked
to the S°P™ allele. Thus, as with M1-2, it appeared that the
breakdown of SI in M1-5 was caused by competitive interaction
involving a dS;P.

The nature of the linkage between dS;P and the Ss allele in
M1-5 was also investigated. One possibility was that dS;P and the
Ss allele were linked following an unequal exchange between an
S3- and an Ss-bearing chromosome during meiosis. A second
possibility was that dS;P had been translocated onto the end of
an Ss-bearing chromosome. To distinguish between these pos-
sibilities, the presence of RFLPs linked to the S5 chromosome in
M1-5b (S386dSsP) was examined by DNA blot hybridization.
484-6 and 167A4-6 were present in M1-5, but CP100-6 was not
(Fig. 1). The loss of this marker is consistent with an unequal
crossover generating a recombinant S5 chromosome. FISH with
the 484 probe detected only one chromosomal location in M1-5,
confirming that 484-3 and 484-6 must be close to each other on
a recombinant chromosome (Fig. 2E).

Similar genetic and molecular analyses of M1-10 showed that
dS;P was linked to an Sg allele (data not shown) and that CP100-6
was not on the recombinant chromosome (Fig. 1). It was
therefore likely that an unequal exchange between the S3- and
Se-bearing chromosomes can account for this situation as well.
The genotype of this plant was therefore S3S4dS;P.

The available evidence indicates the centric fragment in M1-2
arose following a breakage of the S-bearing chromosome be-
tween pollen S and the S-RNase gene (Fig. 3). This finding agrees
with models that propose the S locus is bipartite with separate
genes encoding the SI functions of style and pollen. An unequal
exchange that placed CP100-3 and 484-3 next to an S, allele in
M1-5 and M1-10 would remove CP100-6 if this gene were closer
to the centromere than 484-6, a gene order that agrees with
analysis of the dS; translocation in M1-7. Because we have not
yet been able to separate 484 and pollen S, the orientation of
these genes with respect to each other cannot be determined.
Fig. 3 shows one of the two possible arrangements.

Discussion

The pollen-part mutations examined here all arose through
competitive interaction brought about by a duplicated S;3 allele.
Using markers that flank the S locus, we found duplications in
all PPMs that either spanned an entire S3 allele (dS3) or included
part of an S3 allele but lacked the S;-RNase gene (dS3P). The
failure to detect any deletions of pollen S among the progeny
produced by using the ~5 million irradiated pollen grains
examined in this experiment indicates a frequency of less than
0.00002% for pollen S deletions. This rate is many orders of
magnitude lower than the deletion rate seen when pollen from
other solanaceous species is treated with similar doses of radi-
ation—for example 0.025-0.05% at several different loci of
tomato (23). The finding that duplicated S alleles may lack the
S-RNase gene raises the possibility that earlier investigators
misidentified plants with these duplications as “true” pollen S
mutants. This misidentification could easily have occurred be-
cause these studies relied entirely on stylar phenotypes to
determine whether an additional S allele was present. Indeed,
the presence of centric fragments in some true PPMs and some
of the plants examined here makes this scenario seem quite
plausible (8, 9). Thus the evidence from this and previous studies
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indicates that deletions in pollen S are probably not tolerated and
that pollen S is essential for pollen viability.

This single cause of pollen-part mutations allows us to
distinguish between the two models currently used to describe
SI in the Solanaceae. Although each model presents an
adequate explanation of what is known about allelic recogni-
tion, they differ in their predictions about whether pollen S can
be deleted from the genome. One model predicts that the
product of pollen S encodes a receptor that allows the extra-
cellular S-RNase to enter pollen tubes in an allele-specific
manner. According to this model, a deletion of pollen § is
tolerated because S-RNases cannot enter a pollen tube lacking
a receptor, and hence mutant pollen is able grow through an
incompatible style. The other model predicts that S-RNases
enter pollen tubes nonspecifically where they encounter pollen
S, an inhibitor that can inactivate all S-RNases except those
encoded by a matching S allele. This model predicts that pollen
S cannot be deleted because pollen tubes lacking pollen S are
unable to detoxify S-RNases and hence will be rejected by any
style. The inhibitor model is currently favored, because it is
consistent with the genetic analysis of PPMs presented here
and with the localization of S-RNases within both compatible
and incompatible pollen tubes of Solanum chacoense (24).

A variation on the inhibitor model was recently proposed (24,
25). In this version, S-RNase inhibition requires two gene
products: a general S-RNase inhibitor and an additional allele-
specificity protein encoded by pollen S that prevents the inhibitor
from binding to a matching S-RNase. This model predicts that
deletions in pollen S are tolerated, as mutant pollen will inhibit
all S-RNases entering the pollen tube. Because there is currently
no evidence of pollen S deletions, we favor the simpler model
where pollen S itself encodes the S-RNase inhibitor.

It was noteworthy that all pollen-part mutations were associ-
ated with the duplication of an S; allele and contained 48A4-3.
Because the pollen-part mutations were derived from the pollen
of irradiated S35 plants, it is reasonable to ask why none of the
PPMs had a duplication of an Ss allele. We assume the reason
lies in part with the particular sensitivity of the chromosome near
the 3 allele to fragmentation by ionizing radiation, and in part
with the way the chromosomal fragments thus generated were
repaired and passed into gametes after meiosis. Earlier SI
workers also noted that the frequency at which PPMs arose
depended on the S genotypes being mutated (8, 10). Centric
fragments derived from an Ss-bearing chromosome were, how-
ever, found in two self-incompatible “revertant” plants (5).
These plants (M1-8 and M1-17) are self-incompatible and are
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described as revertants because they were derived from pollen
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mutation that overcame pollen rejection “reverted” to the
unmutated state after fertilization. Both M1-8 and M1-17 have
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(J.F.G., V.S, and E.N., unpublished results). Although M1-8 and
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