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Sexual reproduction is an essential process for generating a genetic variety in the next generation.
However, most flowering plants and hermaphroditic animals potentially allow self-fertilization. Approx-
imately 60% of angiosperms possess a self-incompatibility (SI) system to avoid inbreeding. The SI system
functions at a process of interaction between pollen (or pollen tube) and the pistil. These SI-responsible
factors (S-determinants) in pollen and the pistil are encoded by highly polymorphic multiallelic genes in
the S-locus, which are tightly linked making a single haplotype. Different taxonomic families utilize
different types of S-determinant proteins.

In contrast to the plant system, the mechanisms of SI in simultaneously hermaphroditic animals are
largely unknown. Among them, promising candidates for SI in ascidians (primitive chordates) were
recently identified. The SI system in the ascidian Ciona intestinalis was found to be very similar to those
in flowering plants: The products of sperm- and egg-side multiallelic SI genes, which are tight linked and
highly polymorphic, appear to be responsible for the SI system as revealed by genetic analysis. These
findings led us to speculate that the SI systems in plants and animals evolved in a manner of convergent
evolution. Here, we review the current understanding of the molecular mechanisms of the SI system in
flowering plants, particularly Brassicacea, and in ascidians from the viewpoint of common mechanisms
shared by plants and animals.

� 2014 Published by Elsevier Inc.
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1. Introduction

Most living organisms undergo sexual reproduction as a repro-
ductive strategy. This enables them to make a genetic variety in the
next generation. In contrast to most animals, flowering plants and
hermaphroditic marine animals releasing gametes may allow self-
fertilization under natural conditions. In order to avoid inbreeding,
many flowering plants possess a self-incompatibility (SI) system,
which eventually prevents self-fertilization. There are several SI
systems to block self-fertilization depending on the taxonomic
family [1–3]. In this review, the SI systems of flowering plants,
particularly that in Brassicaceae, are described in detail.

Most terrestrial and aquatic hermaphroditic animals exhibit
reproductive behaviors. Therefore, a self-gamete recognition
system is not necessarily required to avoid inbreeding. However,
in hermaphroditic marine animals that release sperm and eggs to
the surrounding seawater, a self/non-self-recognition system
between sperm and eggs (or the egg investments) is indispensable
to avoid self-fertilization. There are several gamete proteins
involved in species specificity and in self/non-self-recognition (or
SI) during fertilization. The molecular mechanism of SI, which is
also referred to as self-sterility, was a long-standing enigma in
animals. However, a recent discovery in the ascidian SI system
provided a new insight: the SI system in Ciona intestinalis appears
to be very similar to those in flowering plants [4–6]. This discovery
was surprising, since it had long been believed that the SI system in
ascidians might be similar to that of adaptive immunity. Before
describing the SI system in ascidians and other animals, we will
summarize the current understanding in flowering plants.
2. Self-incompatibility in flowering plants

A SI system in angiosperms has been found in more than 250 of
the 600 genera, which occupy about 60% of angiosperms [7]. In
many angiosperms, self/non-self recognition of SI is controlled by
pollen-S determinant and pistil-S determinant encoded at the S
loci. Recent genetic, molecular biological and biochemical analyses
of Brassicaceae, Papaveraceae and Solanaceae have suggested that
angiosperms have developed diverse SI systems, which can be clas-
sified into two fundamentally different systems, self-recognition
and non-self recognition systems: the SI systems in Brassicaceae
and Papaveraceae are classified into a self-recognition system,
while the SI system in Solanaceae is classified into a non-self
recognition system (see Table 1) [1,2]. In Papaveraceae, self-pollen
undergoes apoptosis elicited by an intracellular increase in Ca2+

concentration in pollination after being recognized as self [1–3].
On the other hand, pollen tube elongation is inhibited by degrading
RNA with S-RNase of the self-pistil in Solanaceae, resulting in the
avoidance of self-fertilization. This is a non-self recognition
system, in which non-self S-RNase in the pistil is recognized by a
ubiquitin ligase E3 (SLF/SBP) and then degraded by the
ubiquitin–proteasome system in a pollen tube (Table 1) [1–3].
Table 1
Male and female determinants in self-incompatibility of plants and animals.

Family Female determinant

Flowering plants (Angiosperms)
Brassicaceae SRK
Papaveraceae PrsS
Solanaceae/Rosaceae S-RNase

Animals (Ascidians)
Cionidae (C. intestinalis) v-Themis-A, -B
Pyuridae (H. roretzi) VC70

See Refs. [1–6], [25], [27–28].
For Brassicaceae, we will describe recent progress made forward
elucidation of the mechanism of the SI system.

In Brassicaceae, SI is controlled by a self-recognition system.
The stigma is covered by a layer of epithelial cells, called papilla
cells. When a cross pollen grain lands on a papilla cell, the pollen
grain hydrates and geminates a pollen tube. The pollen tube then
invades the papilla cell wall and grows toward the ovule cells to
achieve fertilization. On the other hand, when a self pollen grain
lands on a papilla cell, pollen hydration and germination are
inhibited, and then self-fertilization is arrested.

The pistil-S determinant encoded at the S locus is S-locus
receptor kinase (SRK), which localizes to the plasma membrane
of stigmatic papilla cells [8]. The pollen-S determinant is S-locus
protein 11 (SP11, or S-locus cysteine-rich protein: SCR), which is
a small basic protein secreted from the anther tapetum and
transferred to the pollen coat during pollen maturation [9,10].
S-haplotype-specific binding of SP11 to SRK induces autophospho-
rylation of SRK to elicit a self-incompatible reaction for rejecting
self-pollen (Fig. 1) [11,12].

Thus far, two candidate molecules, M-locus protein kinase
(MLPK) and Arm-Repeat Containing 1 (ARC1), have been identified
as direct downstream factors of the SRK signaling pathway in
Brassica species. MLPK is a membrane-anchored cytoplasmic pro-
tein kinase that co-localizes and interacts with SRK on the papilla
cell membrane [13,14]. Recent studies have suggested that MLPK
is also related to intra-species unilateral incompatibility of Brassica
rapa [15], but it remains controversial whether MLPK is required
for SI throughout the Brassicaceae [16]. ARC1 is a U-box protein
with E3 ubiquitin ligase activity, phosphorylated by the kinase
domain of SRK in Brassica napus [17–19], and interacts with
Exo70A1, a putative component of the exocyst complex [20,21].
Suppression of ARC1 expression results in incomplete breakdown
of SI in both B. napus and Arabidopsis lyrata [18,22]. However, the
precise role of ARC1 in the signaling pathway downstream of
SRK that leads to self-pollen rejection remains controversial [16].

Physiological studies during cross- and self-pollination in B.
rapa showed that actin bundles were concentrated at the cross-
pollen attachment site, while actin reorganization occurs at the
self-pollen attachment site. Additionally, electron tomography
revealed attachment of the actin cytoskeleton with an apical vacu-
ole network. Self-pollination disrupted the vacuole network, while
cross-pollination led to vacuolar rearrangements toward the site of
pollen attachment. These findings suggested that self-pollination
and cross-pollination differently affect the dynamics of the actin
cytoskeleton, leading to changes in vacuolar structure that might
be associated with hydration and germination.

A recent biological assay using water-soluble Calcium Green
showed that Ca2+ is exported from the papilla cell during cross-
pollination and that the cross pollen coat alone elicits the Ca2+

transport [23]. In contrast, neither a self-pollen grain nor the
self-pollen coat in B. rapa induced Ca2+ transport. These findings
led us to speculate that Ca2+ is transported from the papilla cell
to the cell wall and then transferred from the cell wall to the pollen
Male determinant Self or non-self recognition

SP11/SCR Self
PrpS Self
SLF/SBP Non-self

s-Themis-A, -B Self
(TTSP1, Urabin)? Non-self ?



Fig. 1. Self-incompatibility system in Brassicaceae. Male S-determinant SP11/SCR and female S-determinant SRK (S-locus receptor kinase) reside in the same chromosome.
The same allelic SP11/SCR can bind to SRK on papilla cells. When SP11 is recognized as self, autophosphorylation takes place, triggering SI responses including prevention of
Ca2+ export in the papilla cell, which is involved in germination. Modified from [2].
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grain during cross-pollination, while the pollen S-determinant
SP11/SCR prevents Ca2+ transport to the cell wall, leading to the
rejection of self-pollen. Furthermore, by transcriptome analysis
and reverse genetic analysis in Arabidopsis thaliana, autoinhibited
Ca2+-ATPase 13 (ACA13) has been identified as a Ca2+ pump func-
tioning during cross-pollination. ACA13 localized to the plasma
membrane and to vesicles near the Golgi body and accumulated
at the pollen tube penetration site after pollination [23].
Collectively, these findings suggest that the secretory pathway
functions during compatible pollination to direct the accumulation
of molecules such as ACA13 to regions of the plasma membrane
near the pollen attachment site and around the germinated pollen
tube and that molecules that have accumulated at these sites
effectively export Ca2+ and water from papilla cells to support suc-
cessful pollination. Above-described ARC1 interacts with Exo70A1
and may be involved in the polarized secretion pathway during
cross-pollination [20,21]. Taken together, it has been hypothesized
that a secretion pathway regulates pollen hydration and
germination not only during cross-pollination but also during
self-pollination via the actin cytoskeleton, exocyst component,
and SNARE proteins.
3. Self-incompatibility in Stolidobranch ascidians

Ascidians (primitive chordates, urochordates) are simulta-
neously hermaphroditic marine invertebrates, which release
sperm and eggs to the surrounding seawater almost simulta-
neously. At least several species, including Halocynthia roretzi and
C. intestinalis, show strict self-sterility. Therefore, these two species
have been used for studies on the mechanism of SI. Generally, in
contrast to intact eggs, vitelline coat (VC)-fee eggs and immature
oocytes allow self-fertilization. Therefore, it is thought that self/
non-self-recognition (or allorecognition) molecules play a key role
in the process of interaction between sperm and the VC of the egg
and that allorecognition molecules or systems are acquired during
oocyte maturation [4–6].
In the Stolidobranch ascidian H. roretzi, a 70-kDa main
component of the VC named HrVC70 appears to be a self/non-self
recognition protein on the VC for the following reasons. First, the
amount of HrVC70 on the VC was shown to significantly increase
during oocyte maturation [24,25]. Secondly, the mature egg
becomes self-fertile by treatment with acidic seawater (pH 2–3)
for 1 min, which is closely related to the fact that HrVC70 is effi-
ciently and almost specifically extracted from the isolated VC by
1–10 mM HCl (�pH 2–3) [24]. Thirdly, non-self sperm can bind
to HrVC70-immobilized agarose more efficiently than can self-
sperm [25]. Fourthly, sperm pretreated with HrVC70 of non-self
eggs more effectively inhibited fertilization than did sperm pre-
treated with that of self-eggs [25]. Fifthly, HrVC70 consists of 12
epidermal growth factor (EGF)-like repeats, which is not at vari-
ance with the fact that EGF-like-repeat-containing proteins such
as Notch and Delta are involved in cell–cell interaction. Lastly,
HrVC70 showed several synonymous and non-synonymous substi-
tutions among individuals, which might be sufficient to cause a
drastic change in the protein–protein interaction, since EGF-like
repeat-containing proteins such as Notch cause Notch signaling
diseases even in a single amino acid substitution [26].

As sperm-side binding partners of HrVC70, HrTTSP-1 (type-II
transmembrane serine protease) and HrUrabin (unique RAFT-
derived binding partner for HrVC70: a GPI-anchored CRISP-family
protein) have been identified by yeast two-hybrid screening [27]
and Far-Western blotting, respectively [28]. HrTTSP1 has an esti-
mated molecular mass of 337 kDa and consists of 23 CCP/SCP/
Sushi-domains, 3 ricin B domains and 1 CUB domain in its extracel-
lular region. Whereas HrTTSP-1 is able to interact with HrVC70, it
is still unclear whether HrTTSP-1 is able to distinguish the poly-
morphism of HrVC70. HrUrabin has been reported to play a key
role in fertilization, since anti-HrUrabin antibody is able to strongly
inhibit the fertilization and also the self/non-self-recognizable
binding of sperm to HrVC70-agarose beads. However, HrUrabin
per se had little polymorphism among individuals and showed no
apparent difference in its binding ability to HrVC70 isolated from
self- and non-self-eggs. Thus, it is thought that HrUrabin is unable
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to directly discriminate self- and non-self-HrVC70, although
HrUrabin must play a role in a certain process of allorecognition
during sperm-egg interaction [28].

There is an ortholog of HrVC120, a precursor of HrVC70, in
another ascidian species, Halocynthia aurantium, referred to as
HaVC130. The mature protein HaVC80 appears to have 13 EGF-like
repeats [29]. The amino acid identity between HrVC120 and
HaVC130 was very high (83.4%), and the 8th EGF domain of the
HrVC120 gene appears to have been duplicated during molecular
evolution. HaVC80 is also highly polymorphic among individuals,
and the substituted regions of HaVC80 are restricted similarly to
those of HrVC70 [29]. It seems likely that EGF-like repeat-
containing VC proteins play a key role in self/non-self recognition
during fertilization of the genus Halocynthia or in Pyuridae or
Stolidobranch ascidians.

4. Self-incompatibility in Phlebobranch ascidians

The Phlebobranch ascidian C. intestinalis is cosmopolitan and
very useful for many biological studies since the genome database
is available [30]. Several candidate molecules involved in SI in C.
intestinalis have been proposed. Kawamura et al. [31] reported that
acid extract of the VC is capable of inhibiting the binding of non-
self-sperm to the VC but not the binding of self-sperm to the VC.
They reported that there are a non-allorecognizable inhibitor and
peptide-modulators, which serve as acceptors of non-self-sperm,
in the acid extract and that certain combinations of these factors
exhibit inhibitory ability toward the binding of non-self-sperm
[31]. On the other hand, De Santis and Pinto showed that SI
becomes effective several hours after germinal vesicle breakdown
[32]. Since removal of follicle cells arrested the onset of self-
sterility, they proposed that follicle cells release an SI factor(s) that
binds to the VC [32]. By analogy to the mammalian cellular
immune system, Marino et al. [33,34] proposed that the peptides
produced by proteasome are loaded onto Cihsp70, which is a
molecular chaperone assumed to be an ancestor protein of MHC
class I and II molecules in lower vertebrates or invertebrates, and
delivered to the surface of the VC. Since the proteasome inhibitor
clasto-lactacystin b-lacton and anti-HSP70 antibody inhibited the
onset of SI, they proposed that Cihsp70 and a self-peptide pro-
duced by proteasome might be responsible for SI in C. intestinalis
[33,34]. However, the antigenic peptide fragments on Cihsp70 on
the VC have not yet been identified. Another approach was carried
out by Khalturin et al. [35], who performed PCR-based subtraction
experiments and compared gonad cDNAs between genetically
unrelated individuals. They identified several candidate genes that
are expressed in developing oocytes or/and follicle cells and are
polymorphic among individuals, including CiS7 (EGF-like repeat-
containing gene) and vCRL1 (Sushi (or SCR)-domain-containing
gene) [35–37]. However, they recently reported that vCRL1 genes
are not related to the SI system in C. intestinalis, but that the
s/v-Themis-A and -B system, which was proposed by Harada
et al. [4] as described below, plays a key role in SI under their
experimental conditions [38]. It has also been reported that the
terminal fucose-residue on VC glycoproteins [39] and sperm-side
fucosidase may make an enzyme-substrate complex, allowing
interaction between sperm and the VC of the eggs, although it is
unclear whether these proteins are involved in SI [40].

Extensive studies on the mechanism of self/non-self recognition
during fertilization of C. intestinalis were carried out by Thomas H.
Morgan in the early part of the 20th century [41–44]. He reported
that the VC is a barrier against self-fertilization and that the SI
system is abolished by treatment of eggs with acidic seawater or
protease [42]. By acid-induced self-fertilization, he raised many
selfed F1 siblings and examined cross-fertility and cross-sterility
among them [43,44]. Cross-sterility is hardly observed in wild
populations, but cross-sterile combinations were sometimes
observed in selfed or experimentally cross-fertilized siblings, sug-
gesting that self-sterility is genetically controlled. Among cross-
sterile combinations in selfed F1 siblings, he identified two types
of cross-sterility, i.e., bi-directional and one-way combinations
[43,44]. Morgan proposed a ‘‘haploid sperm hypothesis’’ to explain
the phenomenon of one-way cross-sterility [43,44]. According to
his hypothesis, a parent heterozygous at the SI locus (A/a) produces
two populations of sperm (A- and a-expressing sperm), either of
which can fertilize both types of homozygous eggs (A/A and a/a
eggs). In contrast, sperm (A- or a-expressing sperm) from two
types of homozygotes (A/A or a/a individual) cannot fertilize the
heterozygous eggs (A/a eggs), since heterozygous eggs express
both types of female SI gene products on the VC. Thus, once a
one-way cross-sterile pair of individuals was found, egg-donating
individuals should be a heterozygote in the S-locus, whereas
sperm-donating individuals should be a homozygote in the S-locus.

Based on these criteria, Harada et al. [4] surveyed a candidate
S-locus by determining the DNA sequence at about 70 genetic
markers in 14 chromosomes, and they found that two loci, loci A
and B, located in chromosomes 2q and 7q, respectively, are
involved in SI in this species (Fig. 2) [4]. Among the proteins
encoded in locus A, a fibrinogen C-terminus-like protein, referred
to as v-Themis-A, with a high degree of polymorphism among indi-
viduals was detected on the VC by proteome analysis. On the other
hand, among genes encoded in locus A, four genes were found to be
expressed in the testis, among which a PKD-1-like protein, referred
to as s-Themis-A, was thought to be a candidate sperm-side recep-
tor protein with a hyper-variable region in its N-terminal region
(Themis is a Greek goddess who prohibited incest.). Although there
is no overall synteny between loci A and B, a similar gene pair of
proteins (v-Themis-B and s-Themis-B) was identified in locus B
[4]. Interestingly, v-Themis-A/B genes were located in the first
intron of s-Themis-A/B genes, respectively, in the opposite direction
in both cases (Fig. 2). These features indicate a tight linkage
between s-Themis and v-Themis genes. By genetic analysis, it has
been proposed that when sperm-side s-Themis-A and s-Themis-B
interact with the same allelic v-Themis-A and v-Themis-B, respec-
tively, on the VC, sperm must recognize the VC as self-egg, result-
ing in prevention of self-fertilization.

Sperm behavior and intracellular Ca2+ concentration ([Ca2+]i) in
response to self/non-self-recognition have also been studied [45].
It has been reported that sperm motility markedly decreased
within 5 min after attachment to the VC of self-eggs but not after
attachment to the VC of non-self-eggs and that the apparent
decrease in sperm motility was suppressed in low (�5 lM) Ca2+

seawater. It was also revealed that sperm detach from the self-
VC or stop motility within 5 min after binding to the self-VC. Since
s-Themis-B contains a cation channel domain in its C terminus (see
Fig. 2C) [4], sperm [Ca2+]i was monitored by real-time [Ca2+]i imag-
ing using Fluo-8H-AM, a cell-permeable Ca2+ indicator. Interest-
ingly, sperm [Ca2+]i rapidly and dramatically increased and was
maintained at a high level in the head and flagellar regions when
the sperm interacted with the self-VC but not when the sperm
interacted with the non-self-VC [45]. The increase in [Ca2+]i was
also suppressed by low-Ca2+ seawater. These results indicate that
the sperm self-recognition signal triggers [Ca2+]i increase and/or
Ca2+ influx, which induce an SI response to reject self-fertilization
[45].

According to a previous report, a non-self-sperm-recognizing
factor must be extracted from the VC by acidic conditions in C.
intestinalis [31]. However, v-Themis-A and -B were hardly solubi-
lized from the VC by acid treatment. In contrast, a novel factor, des-
ignated as Ci-v-Themis-like, is a major acid-extractable VC protein
[46]. This protein consists of a coiled coil domain and C-terminal
fibrinogen-like domain, similarly to those of v-Themis-A and -B



Fig. 2. Self-incompatibility system in the ascidian Ciona intestinalis. (A) Sperm-side SI genes (s-Themis-A and s-Themis-B) and egg-side SI genes (v-Themis-A and v-Themis-B)
reside in the same loci in chromosomes 2q and 7q, respectively. The genes of v-Themis-A and v-Themis-B reside in the first introns of s-Themis-A and s-Themis-B, in an opposite
direction, respectively. There is a hyper-variable region in the N-termini of s-Themis-A and -B, while v-Themis-A and -B are polymorphic in their entire regions. (B) Genetic
analysis suggested that sperm recognize the VC of the eggs as self when both alleles of s-Themis-A and s-Themis-B recognize v-Themis-A and v-Themis-B as the same alleles.
Only non-self sperm are allowed to penetrate through the VC, whereas self-sperm detach from the VC or stop motility. (C) There is a cation channel in the C-terminal region of
s-Themis-B. When sperm bind to the VC of self-egg, intracellular Ca2+ concentration increases, the increase being elicited by Ca2+ influx. It is assumed that Ca2+ influx is
mediated by the cation channel in s-Themis-B. Modified from [4].
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except for having no apparent polymorphism. This seems to be an
ancestral protein of v-Themis-A/B. Yeast two-hybrid screening
showed that sperm protease is a potential binding protein [46].
Therefore, the interaction between Ci-v-Themis-like on the VC
and sperm protease may participate in gamete interaction to sup-
port the Themis-mediated allorecognition system.

5. Mode of self-incompatibility in corals

Besides ascidians, the molecular mechanisms of self/non-self
recognition during fertilization in hermaphroditic animals have
not been studied well. As described above, since most terrestrial
and several aquatic hermaphroditic animals exhibit reproductive
behaviors, a self/non-self recognition system would not be
required to avoid inbreeding. Therefore, hermaphroditic marine
animals that release sperm and eggs to the surrounding seawater
appear to be not so many. Among these animals, the coral repro-
duction strategy is very interesting, since they are endangered ani-
mals and undergo asexual and sexual reproduction. Therefore, in
the present review, we briefly introduce the mode of coral repro-
duction, although the precise mechanisms are not known.

Many coral species are simultaneous hermaphrodites, which
produce both sperm and eggs. In general, self-fertilization (selfing)
is not favored, because self-fertilized progeny would exhibit lower
fitness than out-crossed progeny [47]. Therefore, it is thought that
the mechanisms to avoid selfing have developed also in coral [48].
However, it is known that several sessile marine invertebrates
select selfing because of the complete absence of mates and/or of
gamete limitation, although inbreeding depression might occur
[49–51]. Taken together, many hermaphroditic marine inverte-
brates may have evolved mixed-mating systems that undergo fac-
ultative self-fertilization.

The mating system of hermaphroditic coral is variable. Some
coral species show selfing, but others do not (see [52]). Results of
many studies have suggested that selfing might occur under
sperm-limited condition or in the absence of mates and that out-
crossing occurs when sperm from other individuals is available.
Allorecognition is crucial to avoid self-fertilization. To investigate
a variety of allorecognition system in marine invertebrates, cnidar-
ian corals appear to be good examples. Most species are simulta-
neous hermaphrodites and their breeding patterns are diverse
such as broadcast spawning and brooding [53]. Approximately three
quarters of coral species undergo broadcast spawning, in which
sperm and eggs are released to the surrounding seawater and exter-
nal fertilization takes place. On the other hand, the remaining one
quarter of coral species undergo brooding, in which only sperm
released from males or hermaphrodites is incorporated into females
or hermaphrodites, resulting in internal fertilization [53].

The sessile corals Acropora, Montipora, and Montastrea are simul-
taneous hermaphrodites that release their gametes as a packaged
sperm and eggs named ‘‘bundles’’ [54]. These bundles are filled with
many eggs surrounded by sperm [54]. Although their gametes inter-
act in the bundles, self-fertilization never takes place [52,55,56] and
sperm motility is suppressed [56]. In another sessile coral, Gonias-
trea favulus, self-fertilization occurs 7 h after insemination [52,57]
but self-fertilization rarely take place in the species of the same
genus, Goniastrea aspera [52]. The difference in occurrence of self-
fertilization appears to be related to mating success with others.

The brooding corals Seriatopora hystrix, Favia fragum and Porites
astreoides show selfing [51,58]. In brooding corals, availability of
sperm from another is not easy, and thus self-fertilization may
be selected. These species are genetically heterogeneous, and thus
out-crossing also takes place.

Although the annual spawning season of coral is very short
under full moon light in the early summer in Okinawa, Japan, it
is worthy to investigate the sexual reproduction mechanisms to
maintain these endangered corals from the viewpoint of environ-
mental biology.

6. Conclusion

Our current understanding of the mechanism of self/non-self
recognition in ascidians is that it is very similar to the SI system
in flowering plants: male-side S-determinant located in sperm
head surface in animals and in the pollen surface in plants and
female-side S-determinant located in the VC of animal eggs and
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in papilla cells in the plant pistil recognize each other. When it is
recognized as the same haplotypic allele, fertilization should be
blocked. Although the S-determinant proteins are different in ani-
mals and plants and also among taxonomic families in plants, the
basic strategies or mechanisms to block self-fertilization seem to
be very similar. As is in the case of flowering plants, ascidians
may utilize different S-determinants depending on taxonomic fam-
ilies or orders. It is also very interesting or rather surprising that liv-
ing organisms, regardless of the taxonomic kingdom, adopt similar
mechanisms to prevent self-fertilization and, in other words, that
the SI system has evolved in a manner of convergent evolution.
The mechanisms of SI in other hermaphroditic animals might be
clarified in the future by analogy of plant SI systems and vice versa.
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