Copyright © 2001 by the Genetics Society of America

Rejection of S-Heteroallelic Pollen by a Dual-Specific S-RNase in Solanum
chacoense Predicts a Multimeric SI Pollen Component

Doan-Trung Luu,"? Xike Qin,' Geneviéve Laublin, Qing Yang,® David Morse
and Mario Cappadocia

Biology Department, University of Montreal, Montreal, Quebec H1X 2B2, Canada

Manuscript received March 2, 2001
Accepted for publication June 19, 2001

ABSTRACT

S-heteroallelic pollen (HAP) grains are usually diploid and contain two different S-alleles. Curiously,
HAP produced by tetraploids derived from self-incompatible diploids are typically self-compatible. The
two different hypotheses previously advanced to explain the compatibility of HAP are the lack of pollen-S
expression and the “competition effect” between two pollen-S gene products expressed in a single pollen
grain. To distinguish between these two possibilities, we used a previously described dual-specific S;; 15
RNase, termed HVapb-RNase, which can reject two phenotypically distinct pollen (P;; and P;3). Since the
HVapb-RNase does not distinguish between the two pollen types (it recognizes both), P;;P;; HAP should
be incompatible with the HVapb-RNase in spite of the competition effect. We show here that P,,P;; HAP
is accepted by Sy;S;; styles, but is rejected by the S;;,5-RNase, which demonstrates that the pollen-S
genes must be expressed in HAP. A model involving tetrameric pollen-S is proposed to explain both the
compatibility of P;;P;; HAP on §,;S;;-containing styles and the incompatibility of P,,P;; HAP on styles

containing the HVapb-RNase.

ELF-INCOMPATIBILITY (SI) is a cell-cell recogni-
tion phenomenon used by higher plants to prevent
inbreeding. In the most widespread type of SI [gameto-
phytic SI (GSI)], the self<incompatibility phenotype is
specified by a highly multiallelic $1ocus, and the geno-
type of the haploid pollen determines its own incompati-
bility phenotype (DE NETTANCOURT 1977, 2001). In the
Solanaceae, the identity of the pollen component of the
GSI is unknown, whereas the stylar product has been iden-
tified as an extracellular ribonuclease, SRNase (McCLURE
et al. 1989) expressed in the transmitting tissue of the
style (ANDERSON et al. 1986). Gain-of-function experi-
ments have shown that expression of an S-RNase trans-
gene is necessary and sufficient to alter the SI phenotype
of the pistil but does not change the pollen phenotype
(LEE et al. 1994; MURFETT et al. 1994; MATTON et al.
1997), and thus the identity of the pollen-S gene must
be different from the S-RNase (Kao and McCuUBBIN
1997). S-RNases appear to contain two domains, an
RNase activity domain essential for expression of the SI
phenotype (HUANG et al. 1994) and a recognition do-
main involved in the specificity of the cell-cell recogni-
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tion phenomenon. In closely related S-RNases, such as
the S;;- and S;3RNases (SABA-EL-LEIL et al. 1994), the
recognition domain includes the amino acids found in
the so-called hypervariable (HV) regions (IOEGER et al.
1991). The HV regions of these two S-RNases differ by
only four amino acids, and transgenic plants where these
four residues in the S;-RNase were replaced with those
of the S;;-RNase displayed an S;; rather than an S,
phenotype (MATTON et al. 1997). Curiously, replace-
ment of only three of these four amino acids produced
RNases, that are either nonfunctional (MATTON et al.
2000) or have the unusual property of dual specificity
(¢.e., able to reject both the phenotypically distinct Py,
and Py; pollen; MATTON et al. 1999).

The availability of this unique dual-specific S-RNase
(termed HVapb-RNase) allowed us to reevaluate the
S-heteroallelic pollen (HAP) effect (also known as com-
petitive interaction in diploid HAP). In many diploid
species with monofactorial GSI, naturally or artificially
produced tetraploids often display self-compatibility
(LEwis 1947; BREWBAKER 1954; DE NETTANCOURT
1977, 2001). Differences in reciprocal crosses between
SI diploids and their tetraploid counterparts indicate
that the breakdown of SI is due to the pollen and not
the stylar component (DE NETTANCOURT 1977). As first
noted by LEwis (1947), only pollen that contains two
different S-loci can bypass the SI barrier, an observation
fully confirmed by recent molecular analyses in both
Lycopersicon peruvianum (CHAWLA et al. 1997) and Nicoti-
ana alata (GoLz et al. 1999). The HAP effect requires
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only a second different S-locus whether carried by a
centric fragment or not (VAN GASTEL 1976; DE NETTAN-
COURT 1977; GoLz et al. 1999, 2000).

In spite of more than 50 years of research since its
first description, the HAP effect remains poorly under-
stood. In particular, it is not known if it is caused by
some peculiar features of a distinct pollen-S gene (still
unknown), by some other component of the S-locus
(McCuBBIN and Kao 1999), or by gene inactivation
(LEwts 1961; vaN GASTEL 1976), resulting in nonex-
pression of the pollen-S components. Current models
for the biochemical role of pollen-S, however, cannot
readily explain HAP compatibility. Immunocytochemi-
cal analyses showing that S-RNases can enter pollen
tubes of any genotype (Luu et al. 2000) have provided
experimental evidence for models involving RNase in-
hibitors (THoMPsON and KircH 1992; Kao and McCus-
BIN 1996). These models postulate that all S-RNases
can enter a pollen tube and that their RNase activity
is inhibited, except for that corresponding to the
S-haplotype of the pollen. Models where the pollen-S
and the RNase inhibitor are on the same molecule (Kao
and McCuBBIN 1996) or on separate molecules (Luu
et al. 2000) have both been proposed. All versions of
the inhibitor model assume that pollen-S binding to the
recognition domain of its cognate S-RNase is thermody-
namically favored over binding to the RNase activity
domain, so that it permanently precludes activity do-
main binding and permits RNase activity (Kao and
McCuBBIN 1997). In HAP, the two pollen-S should each
preferentially bind to the recognition domains of their
respective S-RNases, leaving the RNases active. The in-
hibitor models thus predict incompatibility for HAP, in
contrast with experimental observations.

We report here that P;;P;; HAP is accepted by styles
containing the S;;- and S;5-RNases but rejected by styles
expressing the dual S;;,;3 HVapb-RNase. This demon-
strates that pollen SI components are functional in HAP,
thus ruling out gene inactivation. We propose that pol-
len-S acts as a tetramer and that heterotetramers, such
as would be produced in HAP, are unable to block
inhibitor binding and thus produce compatible pollen.

MATERIALS AND METHODS

Solanum chacoense Bitt (2n = 2x = 24) plants of various
S-constitutions were produced by crosses (VERONNEAU et al.
1992; BIRHMAN ef al. 1994; VAN SINT JAN et al. 1996). Diploid
genotypes V22 (5y,S;5), V28 (515S;5), and G4 (S,sS14) were se-
lected from crosses of two parental lines P1458314 (S,,S;,) and
PI1230582 (S;5S,4; Potato Introduction Station, Sturgeon Bay,
WI), whereas 125 (S;;S;3) resulted from crosses between V22
and V28 (pollen parent). The dual-specific S-RNase that re-
jects both Py and Py; pollen was produced by site-directed
mutagenesis and is expressed as a transgene introduced into
host plant G4 (S,,S,5; MATTON et al. 1999). HVapb plants thus
reject four different pollen haplotypes, the P,; and P, via the
endogenous S-RNases from the untransformed host and the
Py, and Py; using the dual-specific HVapb-RNase. All plants

with a dual-specific phenotype contain wild-type levels of the
HVapb-RNase in the styles (MATTON et al. 1999).

Tetraploids of genotypes .25 (51;511515S12), V28 (519519513513) ,
and G4 (5,55,55,,5:,) were produced by leaf disc culture from
the corresponding diploids as described (VERONNEAU et al.
1992), whereas tetraploids F20 (S5,,5,,5::S;5), F38 and Fb55
(S11S11515S15) , and F44 (5,5515515S5) were selected from progeny
of crosses between tetraploids .25 and V28 (pollen parent;
QIN et al. 2001). Tetraploid plant 1022 (S,,5,,5,5S:5) was pro-
duced by leaf disc culture of a plant issued from a cross be-
tween V22 (S;,S;3) as pollen donor and SP10 (S;3S;5), an indi-
vidual obtained by obligate selfing of parental line PI230582
(S13S14 R1vaRD et al. 1994). The genotype of all plants used was
verified by Western analyses of stylar extracts using antibodies
against S;-, Sy, and S;;-RNases (MATTON et al. 1999; QIN et
al. 2001), by Southern blot analyses, and by PCR analyses using
S-allele-specific primers. All plants used were true tetraploids
and not chimeric, as assessed by chloroplast number in stoma-
tal guard cells (L1 layer), pollen size and chromosome number
in pollen mother cells (L2 layer), and chromosome number
in root meristems (L3 layer). All cytological analyses were
performed as described (CAppADOCIA et al. 1984). Compared
with their diploid relatives, most autotetraploids showed some
reduction in pollen fertility, as generally reported (SINGH
1993).

Crosses were performed under greenhouse conditions and
were classified as compatible when almost all pollinations re-
sulted in fruit formation and incompatible when no fruits
developed. Because the nature of the study required a precise
assessment of pollen tube behavior after pollinations, tube
growth inside the styles was routinely monitored by UV fluo-
rescence microscopy as described (MATTON et al. 1997). In-
compatibility defined by the pollinations corresponded in all
cases to pollen tube growth arrest in the styles.

RESULTS

Tetraploids derived from self-incompatible diploids
are known to produce compatible S-heteroallelic pollen
(HAP; DE NETTANCOURT 1977), and this was also ob-
served with our S. chacoensetetraploids. As an illustration,
the breeding behavior of tetraploids containing two dif-
ferent S-loci (plants G4, L25, V28, F38, F55, and 1022)
or three (F20) is shown in Table 1. These plants all
produce diploid pollen, about two-thirds of which con-
tain two different S-alleles and are thus fully self-compat-
ible (see pollinations along the diagonal). This behavior
is in sharp contrast to the breeding behavior of diploid
pollen containing only one type of S-allele, such as that
produced by the S-homozygous tetraploid F44 (Table
1), which is incompatible with any plant containing the
Sy, allele. In agreement with all previous studies, the
compatibility of these tetraploids is due to their pollen,
as their styles continue to block haploid pollen con-
taining corresponding S-alleles (Table 2). Itis important
to note that pollen produced by the plant V22 (5,,S;5)
is rejected by all the tetraploids expressing both S;;- and
Si;-RNases, by transgenic plants expressing the HVapb-
RNase (an S5 specificity), but is accepted by the un-
transformed host plant G4 (5,,S;;). Note also that the
pollen produced by the HVapb plants behaves identi-
cally to the pollen produced by the untransformed host
since transgene expression is restricted to the style.
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TABLE 1

Breeding behavior of diploid pollen from tetraploids with various S-genotypes

Pollen parent

Plant style Genotype G4 L25 V28 F20 F38 F55 1022 F44
G4 S15815S14S14 12/15 9/11 9/13 10/11 19/22 7/9 10/10 0/7
L25 SuSuSwSe  14/16 11712 12/17  15/17 11712 11/14  14/16 0/12
V28 S15815S15515 12/13 14/15 16/19 12/13 13/13 13/14  10/10 0/12
F20 511511515815 6/11 6/6 8/10 11/12 14/15 12/16 13/13 0/19
F38 S11S11S15S1s 9/10 9/11 7/9 11/13 16/19 6/6 10/12 8/8
F55 S1iS1SisSis 11/11 7/8 6/7 11/12 6/8 12/13 9/9 14/18
1022 1181815515 6/6 8/8 6/7 10/11  10/11 8/8 8/9 7/7
F44 S12S19S15S 1 7/8 11/12 9/10 10/10 13/13 7/9 12/13 0/11

The pollen rejection phenotype, given as number of fruits set/number of flowers pollinated, is deemed
incompatible when no fruits are set and compatible when the majority of pollinated flowers set fruit. All plants
except F44 (5,55,55,,S,5) produce heteroallelic diploid pollen, which accounts for the observed compatibility.

The dual-specific HVapb-RNase provides a unique
tool with which to distinguish between gene inactivation
and competition models for the HAP effect. If the HAP
effect were caused by gene inactivation (LEwrs 1961;
VAN GASTEL 1976), the P;,P;; HAP would be as compati-
ble with HVapb plants as with V22 (S5,;S;5). In contrast,
if competition between Py; and Py5 pollen-S components
present together in diploid pollen takes place, the Py, P4
HAP pollen should be rejected by HVapb plants (just
like normal haploid pollen) since our dual-specific
HVapb-RNase rejects both Py; and Py; pollen. As shown
in Table 3, no fruits are formed when pollen from plants
with an 51,5,,555,; genotype (F38, F55, or 1022) is tested
on styles of HVapb plants, and microscopic examination
of these pollinated styles confirms full rejection of Py,Py;
HAP at midstyle (not shown). Since plants F38, F55, and
1022 all have different genetic backgrounds, indicating
that HAP rejection is not restricted to a particular geno-

TABLE 2

Breeding behavior of haploid pollen from plants
with various S-genotypes

Pollen parent

Plant style Genotype V22 G4 (2X) HVapb
G4(4X) $1SuSuSy  15/19 0/17 0/14
125 S11S11S19S 12 13/13 9/10 11/12
V28 S15519515S15 14/16 9/10 11/12
F20 $11S1S1S15 0/82 8/9 11/11
F38 S1S1S1:S13 0/11 8/8 8/10
F55 1191151515 0/14 12/1% 7/8

1022 S11S11S15S15 0/12 12/12 10/11
F44 S1S1SiSi  13/1% 11/11 8/9

V22 SiSis 0/23 15/16 23/24
G4(2X) S19S14 14/14 0/9 0/9

HVapb 158151113 0/38 0/14 0/32

Data for the HVapb dual-specific RNase are pooled from
five independent transgenic lines.

type, we conclude that the pollen components of the
SI system must be fully expressed in HAP.

The genetic analysis also demonstrates that the dual-
specific HVapb-RNase alone is responsible for HAP re-
jection. First, there is nothing unusual about plants F38,
F55, and 1022, as their HAP is self-compatible (Table
1), compatible on V22 styles (Table 3), and their styles
reject pollen from V22 (Table 2). Second, there are
no breeding differences between the five independent
transgenic plants expressing the HVapb-RNase, as Py, P
HAP was fully rejected by their pistils (Table 3). All the
HVapb plants used here express wild-type levels of their
transgene S-RNase (MATTON et al. 1999) and accept all
other HAP combinations such as PPy, PoP,4, or PoP )3
(Table 1). In addition, HVapb transgenic plants that do
not express the transgene behave like the untrans-
formed host G4 and do not reject HAP (not shown).
Last, the rejection of the P,P;; HAP is unrelated to
expression of more than two different S-RNases in the
style, as neither tetraploid F20 (Table 1) nor a trans-
genic plant of $,,S;, genotype expressing an additional
Si-RNase (MATTON et al. 1997) reject PP, HAP (not
shown).

DISCUSSION

Model for pollen-S action: Any model for GSI must
now explain the normal compatibility of HAP, as well
as its incompatibility with the cognate dual-specific
S-RNase, as shown here. To develop a working model,
however, two additional observations must be taken into
account. First, screens for compatible pollen produced
after mutagenesis have uncovered a variety of pollen
part mutants, some of which contained what was re-
ferred to as an additional S-allele while others appar-
ently lack any S-allele (PANDEY 1967; vAN GASTEL 1976;
DE NETTANCOURT 1977; GovLz et al. 1999). Clearly, while
an additional S-allele (pollen-S) could be analogous to
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TABLE 3

Rejection of P;;P;; heteroallelic pollen by a dual recognition specificity S-RNase

Plant style Genotype G4(4X) L25 F20 F38 F55 1022 F44

V22 SiiSis 11/12 13/13 15/19 10/13 23/25 17/19 21/23 11/12
G4(2X) S1oS14 11/13 8/9 16/20 11/12 13/15 14/14 0/13
HVapb S19514S1113 12/12 15/15 10/10  25/30 0/46 0/20 0/19 0/15

The pollen donors are tetraploids and their genotypes are shown in Table 1. Data are given as number of fruits
set/number of flowers pollinated. Data for the HVapb dual-specific RNase are pooled from five independent

transgenic lines.

HAP, deletion of pollen-S must be different. Thus, any
model for SI must predict a compatible pollen pheno-
type either when two different pollen-S are expressed
or when none is expressed. Second, as discussed above,
atleast part of the function of the SI system inside pollen
tubes is likely to involve RNase inhibitors (RI). Although
not yet reported for plants, RI are well known in animal
systems (HOFSTEENGE 1997).

We recently proposed a model for GSI with two pollen
components, one a general RI that can inactivate any
S-RNase and the other an S-allele-specific product that
maintains the activity of a specific S-RNase inside the
pollen tube by blocking RI binding (Luu et al. 2000).
Separation of the pollen-S blocker from the general RI
was proposed to explain the compatibility of pollen
mutants possibly lacking pollen-S (PANDEY 1967; van
GASTEL 1976; Gorz et al. 1999). Interestingly, Dr. T.
Sims recently identified in Petunia hybrida, by the two-
hybrid system, a nonpolymorphic S-RNase-binding pro-
tein with a RING-HC domain that could represent a
possible candidate for the general inhibitor (T. Sims
and M. ORDANIC, unpublished results).

The multimeric nature of pollen-S: From the results
shown here, we deduce that only a multimeric pollen-S
blocker can explain all aspects of the HAP phenotype.
First consider the incompatibility reaction of haploid
Py, pollen growing in an S;,S;; style (Figure 1A). The
RI components are drawn as shaded arcs to mimic the
structure of the mammalian RNase inhibitor (Hor-
STEENGE 1997), the P,, blockers as small shaded circles,
and the S-RNases as large white ovals. S-RNases enter
the pollen tubes from the styles (Luu et al. 2000) and,
in this illustration, we assume that eight S-RNases of any
type present in the style will enter. We also assume that
there are sufficient blockers in a pollen tube to bind to
their cognate S-RNases, and therefore the P;; pollen
tube contains eight Py, tetramers in addition to the S;;-
and S;s5-RNases. All the S;;-RNases bind the P,; blocker
(favored thermodynamically over RI binding; Kao and
McCuBBIN 1997). Since blocker binding precludes RI
binding, S;;-RNase remains active and incompatibility
results. The RI binds the S;5-RNase because no P
blocker is present in the Py, pollen, but inhibition of the
Sis-RNase activity has no effect on the incompatibility
phenotype since the active S;;-RNase causes pollen rejec-
ton.

The multimeric nature of the blocker is irrelevant
for the incompatibility phenotype of normal (haploid)
pollen but is essential to explain the compatibility of
HAP (see next section for the choice of tetramers over
dimers). When P;,P;5 HAP grows in S,S,; styles (Figure
1B), S;;- and S;5-RNases enter the pollen tube as before.
Once again, blockers will compete with the RI for bind-
ing to their cognate S-RNases. However, even if HAP
produces the same number of Py; (small circles) or P4
blockers (small squares) as would haploid, the random
assembly of monomers into tetramers would produce
homotetramers and heterotetramers in binomial pro-
portions, similar to the 1:4:6:4:1 ratio observed for lac-
tate dehydrogenase tetramers (MARKERT 1963). In this
case, only 1 out of the 16 blocker tetramers in Py;P;5
HAP would be a P;; homotetramer and thus only one
of the S;-RNases entering the pollen tube would remain
active. If heterotetramers were inactive, the other Sy-
RNases would be inhibited because the hybrid blockers
would no longer outcompete RI binding. The same
argument holds for assembly of a P;; homotetramer
blocker and its binding to the S;-RNase. Therefore,
only a fraction (one-quarter) of the amount of RNase
active in haploid pollen (Figure 1A) would be active
in HAP (Figure 1B). Is this reduction in active RNase
sufficient to cause compatibility? It is generally accepted
that a minimum threshold of S-RNase is required for
pollen rejection. The threshold idea is derived from
experiments in transgenic P. inflata (LEE et al. 1994)
and data from natural SC Japanese pear mutants (HIRA-
TSUKA el al. 1999), where S-RNase expression at one-
third the normal level results in self-compatibility. Thus,
a reduction in the amount of active S-RNases to one-
quarter normal levels could indeed result in HAP com-
patibility.

How, then, might the dual-specific HVapb-RNase re-
ject HAP? Since this S-RNase can bind either P;; or
Pi3 (MATTON et al. 1999), it is unlikely to discriminate
between any of the heterotetramers in PP pollen (Fig-
ure 1C). Blocker binding then would be unaffected by
the formation of heterotetramers and this RNase would
remain fully active and reject the pollen. For clarity,
we have drawn only the HVapb RNase in Figure 1C,
although it must be keptin mind that these pollen tubes
will also contain Sy,- and S;;-RNases, which are present
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in the styles of the transformed plants at the same (wild-
type) levels as the HVapb-RNase.

Theoretical support for a tetrameric pollen-S: To but-
tress the intuitive argument provided above, we have
also analyzed the predictions of a mathematical formula-
tion for the amount of pollen-S, which takes into ac-
count the possibility of fractional activity of heteromers
relative to homomers (4) and relative expression of pol-
len-S in diploid compared to pollen (a). In the expres-
sion defined below for kmers, the amount of active
pollen-S in diploid pollen (x;) is a function of the
amount of pollen-S normally expressed in haploid pol-
len (xp):

xa = 2aw ((1/2)71 4 6(1 = (1/2)F7h). (1)

This equation takes into account situations where pol-
len-S expression levels are less than in haploid plants
(a < 1) as well as cases where heteromers are partially

RNases from an S,S,; style en-
ter diploid P,P;; HAP, but RI
binding cannot be fully pre-
vented because a binomial dis-
tribution of tetramer types re-
sults in a lower number of Py,
and P;; homotetramers than

DI

() (Wi
> o

L -

.:. would be found in either hap-
loid pollen type. (C) The dual-
specific HVapb-RNase does not

I:' discriminate between P;; and

P,5 blockers and thus binds all
of the heterotetrameric block-
ers. This results in incompati-
bility because RI is prevented
from binding.

active (0 < b < 1). In the section above, we assumed
that expression of pollen-S was the same in diploid and
in haploid pollen (e = 1) and that heteromers are totally
inactive (b = 0).

The quantity of active pollen-S in HAP must be <x,
for compatible crosses (with S;;S;5 plants) and =x, in
incompatible crosses (with HVapb plants). To visualize
the main conclusions of this model, we calculated the
range of values of pollen-S expression (a) that satisfy
these two requirements for various values of (k) and (b)
(Table 4). Note that b = 1 for HVapb plants, since the
dual-specific RNase cannot distinguish between P;; and
Pi5. Two important conclusions can be unequivocally
drawn from this analysis. First, the pollen-S cannot be
a monomer (Table 4). Second, heteromers cannot be
as active as homomers, as no value of a can produce
compatibility with S;;S,; and incompatibility with HVapb
plants if b = 1.
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TABLE 4

Relative levels of pollen-S expression (a) in diploid vs. haploid pollen as predicted from Equation 1

Expression levels of pollen-S required

For compatibility

For incompatibility

k-mer in §;,S,; plants in HVapb plants Conclusion
Monomer (k = 1) a<V a=Y Impossible
Dimer (k = 2)
b=10 a<1 a=Y% Possible
b=1 a<Y% a=Y% Impossible
Tetramer (k = 4)
b=10 a<4 a=Y% Possible
b=1 a< a="Y% Impossible

The analysis also allows us to describe the conditions
required for dimeric or tetrameric blocker activity. Were
pollen-S dimeric, its expression in HAP would be re-
stricted to % = a < 1. Only two values of b are shown,
but it is clear that as the activity of the heteromers ()
increases, the a value must decrease. If pollen-S were
tetrameric, a wider range of pollen-S expression levels
is permitted (% = a<4). Thus, if pollen-S is a dimer, this
model would require a reduced expression in diploid
pollen. While pollen-S is as yet unknown and cannot be
assayed, reduction of allele expression in polyploids has
been reported for some genes (BIRCHLER and NEWTON
1981). However, we do not as yet have any evidence for
areduction in the levels of S-RNases (presumably tightly
linked to the pollen-S gene at the S-locus) in tetraploids.
Epigenetic silencing, resulting from the increase in
ploidy level, could also account for a reduced level of
pollen-S, although this phenomenon is usually re-
stricted to the silencing of one of the original alleles
(SCHEID et al. 1996). Furthermore, itis unclear why gene
silencing would preferentially occur in HAP as opposed
to homoallelic pollen. We therefore conclude that the
blocker is probably a tetramer.

The model proposed here supports the proposal that
the S-RNase-based GSI evolved from an RNase-based
defense mechanism (Kao and McCuBBIN 1996). In-
deed, extracellular S-like RNases not involved in GSI
have been described and their role in host defense has
been suggested (LEE et al 1992). If extracellular
S-RNases can enter pollen tubes indiscriminately (Luu
et al. 2000), then inhibitors for S-like RNases must have
been necessary in pollen. GSI could indeed have derived
stepwise from an ancestral self-compatible system as pro-
posed (UvyENovAmA 1988). Initially, pollen tube RI
would block the cytotoxicity of extracellular S-like
RNases. These extracellular S-like RNases may already
have evolved polymorphisms, which, if selected for a
role in pathogen defense, would be neutral for pollen
RI binding. Thus, we see self-incompatibility as having
arisen by the development of an allele-specific recogni-
tion domain on a pollen protein that binds a particular
stylar RNase and blocks RI binding.

Finally, our model suggests that the term “competi-
tion effect” may not accurately reflect the mechanism
of HAP compatibility. Earlier interpretations of the phe-
nomenon were that two different pollen components
competed with each other for some limiting factor (DE
NETTANCOURT 1977). In our view, the reduced activity of
heteromers compared to homomers points to pollen-S
itself as the limiting factor.
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