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1. Introduction 

The purpose of pollination is fertilization and seed production. Charles Darwin initiated 
studies on the phenomenon of plants “…which are completely sterile with their own pollen, 
but are fertile with that of any other individual of the same species” (Darwin, 1878). This 
inability for self-pollination is defined as self-incompatibility (SI).  Self-incompatible plants 
have genetic systems that prevent self-fertilization through the recognition and rejection of 
pollen expressing the same allelic specificity as that expressed in the pistils. The mechanisms 
of SI, by promoting the outcrossing, would have an important influence on diversification 
and speciation of angiosperms because effective genetic mechanism preventing inbreeding 
allowed flowering plants to adapt to different environmental conditions and to accelerate 
the pace of evolution. Currently, SI systems are distributed widely throughout angiosperm 
lineages and are present in approximately 19 orders, 71 families and 250 genera comprising 
approximately 60% of angiosperm species (Allen & Hiscock, 2008). However, self-
incompatibility systems are greatly heterogeneous and it is difficult to establish their 
evolutionary relationships or to determine the ancestral SI state.  

2. Self-incompatibility systems 

Two classes of SI can be distinguished: heteromorphic and homomorphic. Heteromorphic 
systems are characterized by morphological differences between genotypes, particularly 
variations in the length of the style (heterostyly). In contrast, in homomorphic systems, the 
S-genotype cannot be distinguished morphologically and the incompatibility response relies 
only no physiological mechanisms (Castric & Verkmans, 2004).    

Most of the homomorphic SI systems are controlled by a single locus (S-locus) (Hiscock & 
McInnis, 2003). The S-locus should consist of, at least, two tightly linked (non-recombining) 
and highly polymorphic genes. The first of these genes coding pollen identity and the second 
is expressed in the pistil as a factor of incompatible pollen recognition. In addition to these 
primary male and female determinants, many other genes, not linked to the S-locus, are  
involved in SI functions. These additional factors play some role in pollen tube rejection after 
the first step of incompatibility recognition (McClure & Franklin-Tong, 2006; Kubo et al., 2010).  

In SI plants, pistil tissues are able to recognize and reject pollen of the same S-genotype 
(incompatible pollen), or to accept growth of genetically different pollen tubes. Thus, the SI 
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system protects plants from pollination with pollen carrying the same S-haplotype (McClure 
& Franklin, 2006).  

Two main systems of homomorphic SI comprise: gametophytic self-incompatibility (GSI) 
and sporophytic self-incompatibility (SSI). In GSI, the incompatibility phenotype is 
determined by the pollen haploid genome. The S-locus determines S-specificity of pollen 
recognition and rejection, so the pollen is rejected by the GSI system when the S-haplotype is 
the same as one of two S-alleles of the diploid pistil. This indicates that the S-locus products 
readily expressed in the pistil and pollen interact with each other and determine the 
compatibility or incompatibility of the emerging pollen tube.  

In sporophytic SI, the pollen S-phenotype is determined by the diploid genome of the 

parental plant. Therefore, in GSI systems half-compatibility is shown between individuals 

that share one S-allele, while in SSI systems crosses are always fully compatible or fully 

incompatible (Allen & Hiscock, 2008).  

The SSI system has been reported in six families: Asteraceae, Berulaceae, Brassicaceae, 

Caryopgyllaceae, Convolvulaceae  and Polemoniaceae. The molecular mechanism of the SSI has 

only been well characterized in Brassicaceae (see below) (Hiscock & McInnis, 2003).  

Studies of GSI species at the molecular level have identified two completely different SI 
mechanisms. One GSI mechanism, which is found in the Solanaceae, Rosaceae and 
Scrophulariaceae,  has S-RNase as the pistil  S-component and an F-box protein as the 
pollen S-component (see below). The second mechanism has been identified only in 
Papaver (poppy), where the interaction between male and female determinants transmits a 
cellular signal into the pollen tube, resulting in an influx of calcium cations. This influx 
interferes with the intracellular concentration gradient of calcium ions which exists inside 
the pollen tube, essential for its elongation (McClure & Franklin-Tong, 2006; Zhang & 
Xue, 2008). 

2.1 SSI mechanism of Brassicaceae 

In the Brassica species, two highly polymorphic self recognition proteins encoded in the S-

locus have been identified: the S-locus receptor kinase (SRK), which is displayed at the 

surface of stigma epidermal cells and the S-locus cysteine-rich protein (SCR or SP11), which 

is expressed in the anther tapetum (i.e. sporophytically) and localized in the pollen coat 

(Schopfer et al., 1999; Suzuki et al., 2000; Takasaki et al., 2000). The SRK gene consists of 

seven exons, with the first exon encoding the signal peptide and extracellular domain, the 

second exon encoding the trans membrane domain and the remaining exons encoding the 

cytoplasmic kinase domain (Stein et al., 1996). All SCRs are small proteins of approximately 

50 amino acids consisting of two exons: one encodes a signal peptide and the second one - 

the mature SCR protein (Schopfer et al., 1999; Takayama 2001).  

The interaction between the SRK and SCR proteins results in autophosphorylation of the 

intracellular kinase domain of the SRK  and a signal is transmitted into the papilla cell of the 

stigma (Takayama et al., 2001). Another protein essential for the SI response is MLPK, a 

serine-threonine kinase, which is anchored to the plasma membrane from its intracellular 

side. The downstream cellular and molecular events, leading eventually to pollen inhibition, 

are poorly described (Murase et al., 2004). 
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2.2 S-RNase-based GSI 

The origin of the so-called S-RNase-based mechanism has been placed early in the eudicot 
evolution and is likely the most widespread SI mechanism operating among extant 
flowering plants (Richman et al., 1997; Allen & Hiscock, 2008).  

The S-RNase is a N-glycoprotein, consisting of five conservative regions and one or two 
hyper-variable (HV) sequence regions. The N-terminal signal peptide is short and absent in 
the mature protein, suggesting its secretory nature. The allelic polymorphism is clustered in 
the HV regions which are responsible for S-specificity. In Solanaceae, there are two such 
regions (HVA and HVB), while only one is in Rosaceae (RHV) (McClure & Franklin-Tong, 
2006; Zhang & Xue, 2008). The sequence alignment of different S-RNases revealed large 
inter-specific diversity. The level of the S-locus polymorphism is similar to the histo-
compatibility system of Vertebrateae (Newbigin, 1996).  

The S-RNases are expressed in the pistil and secreted to extracellular space. Then the S-

RNases penetrate pollen tubes where they interact with pollen proteins. Recent discoveries 

identified S-locus F-box (SFB or SLF) proteins as pollen components of the S-locus in all 

three families that utilize the S-RNase type of SI (Entani et al., 2003; Ikeda et al., 2004; 

Ushijiama et al., 2003, 2004; Sassa et al., 2007, 2010; De Franceschi et al., 2011). These  

proteins are components of the SCF (Skp1-Cullin1-F-box) complex (Qiao et al., 2004a, b).  

The “protein degradation” model has explained the mechanism of S-haplotype-specific 

rejection of pollen tubes by S-RNase. The SLF proteins recognize non-self S-RNases and 

mediate their degradation by the ubiquitin-25S-proteasom system (Hua & Kao, 2006; Hua et 

al., 2007). According to this hypothesis, each SLF allelic product mediates degradation of all S-

RNases except its own S-RNase. In incompatible pollen tubes, S-RNases exert cytotoxicity 

specifically by RNA degradation (Takayama & Isogai, 2005; Hua & Kao, 2006; Hua et al., 2007). 

3. Evolutionary characteristics of SI 

Besides studies on the molecular basis of self-recognition and rejection systems, high 

polymorphic S-locus might also provide a unique evolutionary and population history 

information. The evolutionary properties of self-incompatibility systems have been revealed 

through a fascinating interplay between empirical advances and theoretical developments  

since Wright (1939) suggested that the main evolution force driving the population genetics 

of SI species is negative frequency-dependent selection (Castric & Vekemans, 2004).   

3.1 Frequency-dependent selection 

The self-incompatibility mechanisms put the pressure on individuals inside populations. All 

of them should be heterozygous at the S-locus and at least three S-alleles are required in the 

population because, if the number of alleles falls below three, the fertilization is blocked and 

the population is sentenced to extinction.  

All S-alleles in the population are in the state of equilibrium with a similar frequency. If, for 

some reason, the allele frequency is disturbed, the population should establish a new 

equilibrium state during a few generiations, because of the negative frequency-dependent 

selection. This balancing selection consists in favoring rare S-haplotypes by increased 
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opportunity for successful mating in the population (Newbigin, 1996; Richman & Kohn, 

2000; Charlesworth, 2006).  

Theoretically, the new S-allele occurring in the population due to mutation, should 
successfully fertilize all the plants, so its frequency will increase until it reaches a new 
equilibrium state. The likelihood of successful fertilization is inversely proportional to the 
frequency of this allele in the population and the size of the particular S-haplotypes in the 
population can be quantified through the proportion Ne/ne, where Ne is the effective size of 
the whole population and ne is the effective number of alleles in the population (Vekemans 
& Slatkin, 1994). Accordingly, S-locus has to be much more polymorphic than loci from a 
non-negative frequency-dependent selection and S-haplotypes are long-lived and resistant 
to the loss due to genetic drift. (Richman & Kohn, 2000).  

Observations from natural populations of species possessing GSI systems show that equal S-
phenotypes frequencies are often, but not always, found. Meanwhile, in SSI populations, 
dominance relations make it more difficult to set expectations for the frequencies of different 
alleles, because these will depend on the dominance relations between all pairs of alleles 
(Richman & Kohn, 2000; Bechsgaard et al., 2004). Theoretically, in equal frequencies of 
incompatibility types, the recessive alleles are expected to reach higher frequencies than 
dominant alleles, but they have shorter persistence times in the population (Schierup et al., 
1997; Uyenoyama, 2000, Bechsgaard et al., 2004).  

3.2 Trans-specific evolution 

One of the fundamental questions about the volatility of S-alleles is the rate and the role of 
mutations. Based on the research on a large number of alleles observed, the mutation rate 
can be very high. However, the experimental studies have not confirmed such a high 
frequency of mutations in real populations (Newbigin, 1996). The relatively low mutation 
rate, coupled with the observation of an unexpectedly high polymorphism of the S-locus, 
lead to the conclusion that the S-allelic polymorphisms should be inherited from ancestors 
and the process of their formation and differentiation should begin before the currently 
existing species formation.  

The negative selection which increases frequency of rare alleles also preserves 
polymorphism over a very long period of time. It has been estimated that genetic variability 
can be preserved at the S-locus for tens of millions of years, periods longer than the lifetime 
of a species. It means that S-haplotypes present in the related species have originated from a 
common ancestor (Ioerger, 1990; Takahata, 1990; Vekemans & Slatkin, 1994; Richman & 
Kohn, 2000; Wolko et al., 2010).  

Due to the S-locus ancestral origin, the alleles from one species can be more internally 
divergent than alleles from different species but which originated from a common 
evolutional lineage. In the sequence-alignment analysis, the S-alleles from different species 
and genera can be clustered together indicating that the allelic lineages descended from a 
common ancestor (Richman et al., 1995; Sasala et al., 1996; Usijima et al., 1998; De 
Franceschi, 2011). In the Solanaceae, it has been estimated that majority of the observed S-
locus polymorphisms arose before speciation from the common ancestor. This ancestor is 
believed to have occurred 35-45 million years ago (Ioerger et al., 1990; Richman at al., 1995, 
1996a, 1996b; Igic et al., 2006; Paape et al., 2008; Kohn, 2008).  
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3.3 Long-term population history recorded in S-locus polymorphism  

The evolutional history has been recorded in S-alleles DNA sequences and can be 
demonstrated by the conservatism of the sequence that takes place between many different 
species or even between plant types, if the allele lineage is particularly old. The consequence 
of this is that the alleles occurring after the time of speciation must be descendents from one 
of the existing alleles. Therefore, the taxonomic spread of new alleles is much more limited 
than of the older alleles. Polymorphism that persists for tens of millions of years can be used 
to study the history of S-locus lineages, populations, species and genera.  

The analysis of genetic variability of the S-locus in the population should include two main 
aspects. The first is the number of alleles in the population. This number grows in the 
population due to negative selection favoring rare alleles. However, an unlimited increase in 
the number of alleles driven by selection is inhibited by forces of genetic drift. At the 
equilibrium state, it is expected that the number of alleles in the population will increase 
proportionally to the population size, because the drift effect in large populations is weaker. 
Due to the fact that the number of alleles in a population reflects random changes in its size, 
this parameter exhibits a relatively recent event (the fluctuations in abundance) in the 
history of taxa.  

The second aspect is the age of alleles which can be estimated by the sequence alignment of 
alleles from common species and genera. It is expected that this parameter would be much 
less variable than the number of alleles, because the selection mechanisms should prevent 
the disappearance of alleles. Some mutations in the gene sequence change allelic specificity, 
but differences of the entire accumulated sequence reflect the history of alleles over millions 
of years during the creation of species and varieties (Richman at al., 1995, 1996a, 1996b).  

Estimation of the S-allele evolution rate can provide information about changes in the 
population size that took place in the distant past. The sequences of polymorphic alleles of a 
single species would reflect the history of the species. For example, if sequences have a large 
number of new alleles, it means that, at some point in the past, most of the older lineage 
alleles were lost, probably due to a sudden reduction in the population size ("bottleneck"). 
Therefore, the pedigree analysis of S-polymorphisms provides an opportunity for paleo-
population genetic studies (Takahata, 1990).  

For example, in the total number of 93 S-allele sequences derived from the species of Physalis 
and Witheringia, all have fallen within only three lineages that predate the most recent 
common ancestor of these two genera (Richman at al., 1996a; Richman & Kohn 1999, 2000; 
Lu, 2001; Stone & Pierce, 2005). Therefore, the bottleneck of the S-locus clearly occurred 
prior to the most recent common ancestor of Physalis and Witheringia. Paape et al. (2008) 
identified Physalis and Witheringia S-allele lineage homologes in Iochromina. But Iochromina S-
locus seems much more polymorphic and several lineages not represented in Physalis and 
Witheringia have been identified there. This means that the restriction in the S-locus number 
must have occurred after the most recent common ancestor of the group containing the 
Iochrominae and it has been estimated that the bottleneck must have occurred between 14 
and 18 mya  (Kohn, 2008; Paape et al., 2008). 

However, the extreme type of bottleneck event is needed to explain the fact that only three 
ancient lineages are represented among the S-alleles of Physalis and Witheringia. A founder 
event involving perches as few as two individuals would seem the only likely way for such 
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a restriction. But also the complete lack of further gene flow between other populations 
would be necessary because the subsequent gene flow would almost certainly introduce 
additional S-alleles (Kohn, 2008). 

3.4 Sheltered load-constrains S-alleles diversification 

Richman et al. (1996b), comparing the S-allele lineage diversity in Physalis crassifolia and 

Solanum carolinease, found that allele sequences from natural populations revealed a 

puzzling lack of correlation between the allele number and the number of trans-specific 

lineages in the genealogical analysis. P. crassifolia possesses 34 alleles residing in two 

lineages, while S. carolinense - 13 alleles scattered over multiple lineages within the 

Solanaceae. The lack of correlation between allele and lineage numbers is surprising because, 

as observed previously, differences in historical population size should lead to a positive 

correlation between the allele and lineage number (Richman et al, 1996a,b, Uyenoyama, 

1997). In addition, genealogical studies exhibit a rapid diversification of the S-alleles  near 

the base level of the genealogy with a subsequent deceleration of the diversification rate 

(Richman et al., 1996b).  

The lack of correlation between the allele number and the divergence  could be caused by 

differences in the fixation of mutations (Uyenoyama, 1997). The load of deleterious recessive 

mutations linked to S-locus accumulates due to two factors. First, the S-locus, by definition, 

is always expressed in heterozygous conditions, as pollen is rejected if it bears either allele 

held by the maternal plant. Second, the S-locus is in a non-recombining region of the 

genome (Uyenoyama, 1997; Coleman & Kao, 1992).  

Therefore, the deleterious recessive mutations that accumulate in the region surrounding 
the S-locus are even more sheltered from selection than unlinked deleterious recessives. 
As these mutations are sheltered by being kept in heterozygous state, the lineage-specific 
load is called ‘sheltered load’ (Uyenoyama, 1997; Stone, 2004; Jorge et al., 2009). The 
sheltered load could be expressed when a mutation leads to the formation of a new S-
allele. The new allele is compatible with any other in the population leading to the 
formation of embryos containing both the new allele and its progenitor. Therefore, the 
regions surrounding the S-locus will be combined in homozygotes and the sheltered load 
has a chance to be expressed. If this load is sufficiently deleterious, selection will eliminate 
one of the two alleles in the population (Uyenoyama, 2003; Stone, 2004; Mena-Alı´ et al., 
2009). Thus, the fixation of new mutations and the diversification of the lineage should be 
blocked. Richman and Kohn (1999) found evidences that more divergent alleles were 
preserved when ecological factors reduced the effective population size and the number 
of S-alleles maintained.  

Stone (2004) reported that crosses between distinct plants of S. carolinense sharing the same 

alleles at the S-locus led to dramatically high seed abortions, nearly equal to that found 

upon selfing. An excess of heterozygotes in the surviving progeny supports the hypothesis 

that these high abortion rates are caused by sheltered loads. Mena-Alı´ et al. (2009) found 

evidence of variation in the magnitude of deleterious load among S-alleles in S. carolinense. 

These results suggest that sheltered loads might slow the fixation of weak (partially 

compatible) S-alleles in the population, thus adding to the maintenance of a mixed mating 

system rather than leading to the fixation of selfing alleles. 
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4. Origination of self-incompatibility specificities 

While the analysis of allele frequencies in populations can shed light on the fate of  
S-haplotypes, the major question is how new self-incompatibility specificities are generated 
and how male and female factors co-evolve to maintain their interaction?  

Since pollen and pistil factors interact in the SI mechanism, mutations changing specificity 
of e.g. pollen, could result in a haplotype that is self-compatible. But the nonfunctional  
S-haplotypes are unlikely to be maintained along in population. They should be in the 
majority eliminated by inbreeding depression and selection against self-fertilization or, if 
they persist in a population, they should drive to extinction the functional haplotypes from 
which they arise (Chookajorn et al., 2004). Therefore, to form a new specificity, the mutation 
in both the female and the male components of the system should be required 
(Charlesworth, 2000).  

4.1 Formation of new S-specificities 

Attempts to explain how new specificities arise in two components of the SI system are 
faced with intriguing and difficult problems. One hypothesis proposes that the 
diversification process may devolop by means of intermediates and accumulation of 
polymorphism in the one gene that disrupts SI, followed by a compensatory mutation  
in the second gene that restores SI (Charlesworth, 2000; Uyenoyama & Newbigin,  
2000). Alternatively, the variability in both pollen and pistil components can be tolerated 
thanks to flexibility of the physical interaction of the factors. The mutual recognition can 
exist until, by chance, a new mutation produces protein exhibiting stronger affinity with 
some varieties of the corresponding S-allele. Then the natural selection drives the 
strengthening of the interactions (Chookajorn et al., 2004, Kemp & Doughty, 2007; 
Naithani et al., 2007).  

Since sequence polymorphism is necessary for the transitional stages of new S-allele 

formation under this model, variety of functional S-alleles in natural populations should 

provide opportunities to study this process. In Brassica oleracea, polymorphism within-

specificity and developmental stages of new specificities were described (Miege et al., 2001, 

Sato et al. 2006), whereas in Maloideae (Rosaceae) populations the observed within-specificity 

polymorphism was low (Uyenoyama et al., 2001; Raspe & Kohn, 2007).  

The rate of the formation of new specificities may depend on population conditions. It is 

known from studies on Solanaceae that the diversification rate of S-alleles increases following 

bottlenecks because of greater selection in the population below equilibrium of allele 

number (Richman, 2000; Paape et al., 2008; Miller et al., 2008). In the stable equilibrium state 

of populations, the negative frequency-dependent selection tends to preserve extreme 

polymorphism among alleles, but should have the opposite effect on the polymorphism 

within alleles, reducing it below levels of standard loci (Kohn, 2008). 

One way of answering questions about S-haplotype creation could be the identification  

of amino-acid residues determining the specificity on the receptor and ligand. Slow progress 

has been achieved for the Brassicaceae SSI system, largely based on statistical analysis  

of sequences of the S-locus (Chookajorn et al., 2004; Kemp & Doughty, 2007; Naithani et  

al., 2007). 
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4.2 Coevolution hypothesis 

The expectations for S-component genes are: tight linkage, high nucleotide polymorphism, 
long evolution history and evidence for balancing selection. The male and female factors 
should have long coevolution history because recombination events result in self-
compatibility. As expected, in the SSI system of  Brassicaeae, SRK and SCR genes show high 
levels of synonymous and non-synonymous nucleotide polymorphism and the hypothesis 
of strict coevolution of linked pollen and pistil  genes could not be rejected (Sato et al., 2002). 

However, in S-RNase SI systems, several aspects of current findings differ very markedly 
from what would be expected if F-box and S-RNaze genes had the same evolutionary 
history (Kohn 2008). Surprisingly, sequences of particular F-box genes are more closely 
related to other F-box genes in this species, than to F-box genes of the S-locus lineage in 
other relative species. This contrasts sharply with S-RNase genes, where sequences show 
trans-species relationships (Sassa et al., 1996; Ushijama et al., 1998). 

Additionally, levels of polymorphism of the F-box genes are surprisingly low in some taxa, 
while in others they seem to conform to expectations. In Prunus, SFBs show similar to S-
RNase levels of polymorphism and evidence of positive selection (Ikeda et al., 2004). The 
distances among Prunus S-RNase alleles and corresponding SLF alleles are correlated; 
however, genealogies of these genes do not strictly correspond, perhaps due to rare 
recombination events (Nunes et al., 2006). 

 In apple and pear (Rosaceae), multiple F-box genes within the S-locus region have been 
described. These genes were named S-locus F-Box Brothers (SFBB) (Sassa et al., 2007; De 
Franceschi et al., 2011). In European pear, for example, the S-locus contains no less than six 
SFBB members and exhibits much lower sequence diversity than their associated S-RNases 
and they show little or no evidence for positive selection. However, two of the genes show 
evidence of coevolution with S-RNases (De Franceschi et al., 2011). In Antirrhinum 
(Plantaginaceae), levels of divergence are at least an order of magnitude lower at the SLF 
locus than at the S-RNase locus (Wheeler & Newbigin, 2007; Newbigin et al., 2008). This fact 
implies that the histories of the F-box genes and their S-RNases are markedly different. This 
surprising finding is far from the prevailing theory of the S-locus gene coevolution.  

4.3 Collaborative non-self recognition hypothesis 

Just recently, Kubo et al. (2010) shed new light on pollen specificity component problem, 
proposing a collaborative non-self recognition model for the S-RNase-based SI. In this 
mechanism, pollen S-specificity is conditioned by multiple types of SLF genes and every 
single F-box gene is able to recognize and mediate degradation of only a small subset of  
non-self S-RNases. Within an S-haplotype, products of the entire suite of SLF proteins 
collaborate in recognition and detoxification of different S-RNases (Kubo et al., 2010). In the 
previous model with a single F-box gene, the loss of SLF function would be lethal because 
such mutant would be incapable of detoxification of any S-RNases and would be 
incompatible with any haplotypes. According to collaborative recognition model, the loss of 
function or mutation of a single SLF would block pollination only of pistils carrying the S-
RNases recognized by the type of SLF affected by the mutation. Meanwhile, the mutation of 
the S-RNase gene causes escape detoxification from the existing repertoire of SLF proteins 
and blocks pollination by any pollen haplotypes (Kubo et la., 2010; Indriolo & Goring, 2010).   
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This model may suggest an evolution mechanism similar to pathogen-plant competition. It 
was previously proposed that SI systems evolved from pathogen defense mechanisms 
(Hodgkin et al., 1988; Elleman & Dickinson, 1999) and that S-RNases that mediate GSI are 
related to RNases involved in defense against pathogens (Kao & McCubbin, 1996; Galiana et 
al., 1997; Alen & Hiscock, 2008).  

So, the new allelic specificities may be generated by the process of competition between S-
RNases acting as plant-defense-like mechanism and pollen attempting to generate 
resistance-like response. The competition between stile and pollen components inducing 
polymorphism are also observed in real plant/pathogen interactions (Brunet & Mundt, 
2000a, b). The first step of diversification would be the mutation in the S-RNase gene 
changing specificity and allowing new S-RNase to escape detoxification with the existing 
SLFs. It would cause the formation of a female-sterile and male-fertile phenotype. This new 
S-haplotype would spread across the population until it achieved the state of frequency-
dependent selection equilibrium. The increase of frequency of the new S-RNase allele in the 
population induces the selection pressure to generate pollen resistance. Generation of the 
new  SLF specificity which allows pollen to inactivate the new S-RNase and to pollinate 
pistils would be advantageous by supplementing potential mating partners. This 
mechanism should be practically tested on wild populations by studying the temporary 
existence of hypothesized female sterility plants. 

5. Loss of SI 

Mutations that promote self-fertility occur in both sporophytic and gametophytic SI systems 
and disturb S-alleles themselves as well as genes that modify S-locus expression and genes 
involved in the downstream rejection pathway (Tsukamoto et al., 1999, 2003a, b; Mena-Alí & 
Stephenson, 2007; Tao et al., 2007). The current models of SI maintain that the products of 
several unlinked genes are involved in the formation of multi-protein complex that 
cooperates in SI response (McClure & Franklin-Tong, 2006). Because of the complexity of the 
SI response, there are many opportunities for mutations in genes involved in the rejection 
process to have a qualitative or quantitative effect on self-fertility (Good-Avila et al., 2008). 
Therefore, in many natural populations, SI is rather a quantitative trait due to the 
segregation of unlinked genes that modify the strength of SI (Levin, 1996; Good-Avila & 
Stephenson, 2002).  

The populations of the SI species with generic polymorphism for self-fertility have been 
found as populations in transition to SC. However, recently models with population stable 
state of equilibrium have been examined with mixed mating systems where genetic 
polymorphism for self-fertility may modify the SI and permit selfing in the same conditions 
(Vallejo-Marín & Uyenoyama, 2004; Porcher & Lande 2005).  

The transition from SI to self-compatibility (SC) is viewed as  one of the most frequent 
processes in plant evolution (Takebayashi & Morrell, 2001, Igic et al., 2006). There are two 
advantages of self-pollination: reproductive assurance because selfed progeny is better than 
no progeny at all; lower energy cost to produce selfed seed. Consequently, the frequency of 
mutation that promotes self-fertilization should increase in a population unless this process 
is counterbalanced by an opposing selective pressure of inbreeding depression (reduction of 
the selfed progeny fitness as a result of the increase in homozygosity that exposes 
deleterious recessive alleles) (Good-Avila et al., 2008). 
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Although mutations enhancing self-fertility are common in populations of SI species, most 
of them are eliminated by genetic drift or by purifying selection of inbreeding depression. 
On the other hand, these mutations are expected to increase in conditions of low numbers of 
S-alleles, low inbreeding depression (weak sheltered load) and limit of cross-pollen seed 
availability. In these conditions, mutations may become fixed resulting in the loss of SI.  

When the SI mechanism is lost, polymorphism at the S-locus  is switched to neutral selection 
and is expected to collapse in a few population (Kohn 2008). So, once polymorphism is lost, 
the SI system cannot be regained because, with fewer than three different alleles, all 
individuals are mutually incompatible. In addition, once the SI is lost, mutations in other 
genes of self-incompatibility are expected to accumulate (Stone, 2002; Igic et al., 2006, 2008).  

If the SI is frequently and irreversibly lost during evolution, is self-incompatibility during 
this process vanishing in angiosperms?  If it is not, than SI species must have a higher 
diversification rate (defined as the speciation rate minus the extinction rate) than SC taxa 
(Igic et al., 2004, 2008). The loss of SI mechanisms and transition to selfing should be a rather 
common evolutionary process. However, this pathway of evolution could often be a short-
term solution and one-way ticket to the evolutionary dead-end (Takebayashi & Morrell, 
2001; Kohn, 2008). Although selfing taxa usually show even greater levels of genetic 
diversification and would speciate faster than autcrossing taxa, the SI increases and 
preserves variation that might reduce the rate of total extinctions of taxa (Glémin et al., 2006; 
Kohn, 2008).  

6. Conclusions 

In this chapter, we tried to discuss issues concerning evolutional aspects of plant self-
incompatibility. By mechanisms of frequency-dependent selection, self-incompatibility 
genes manage the population genetic diversity. It is a special case of Dawkins’s  "selfish 
gene", which, apart from natural selection, induces their spread in the population. This 
interesting phenomenon deserves a detailed analysis and verification of theoretical 
assumptions on the level of natural populations.  
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