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Self incompatibility is the inability of a plant with hermaphrodite flowers producing developmentally functional male and female gametes to set seeds on self pollination.  The self incompatibility nature has evolved as one of the most efficient mechanisms to promote out breeding and consequent heterozygosity in Angiosperms.  Since many SI systems are not based on strict identification or rejection of like pollen, but are phenotypically plastic (Huge Dickinsoro 1999).  Pseudo self compatibility where partial to full complements of seed are produced following self pollination of an SI individual is an example of SI plasticity


There are two main types of self in compatibility, heteromorphic and homomorphic.  Heteromorphic as the term implies.  Self incompatible species produce morphologically distinct flowers that differ primarily with regard to their relative lengths of style and filament anther.  The difference provides a physical barrier to pollination within each flower but allows outcrossing to occur.

Homomorphic SI:


The term homomorphic refers to the fact that all plants in the population have the same floral form.  It is a prefertilization barrier.  Where pollen germination pollen tube growth is slowed or inhibited, such that fertilization does not occur when here is recognition of like specificities between pollen and pistil.  (Lewis 1956).  There are two types of homomorphic systems : gametophytic and sporophytic.

Gametophytic SI:


In these systems, the self – incompatibility reaction of the pollen is determined by its own haploid ‘S’ genotype.  In most systems studied Gametophytic self – incompatibility is 
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controlled by a single locus (s-locus) with multiple alleles.  Self pollen or pollen bearing an S-allele identical to either of the S alleles of the diploid tissues of the pistil, cannot effect fertilization.  Gametophytic self incompatibility controlled by a single S- locus has been studied mainly in Solanceous spp.  Nicotiana alata, Lycopersican spp. Petuina, etc.


However, there are more complex systems involving several gene loci: for example some grass species have two loci, S and Z (Lundquist, 1964) and Beta bulgaris and Ranunculus acris have four loci.


In species with gametophytic self incompatibility as exemplified by N. alata, both compatible and incompatible pollen grains germinate normally on the stigma surface to produce a pollen tube that penetrates and grows into the style.  Within the style, the pollen tube grows intercelluarly.  During growth of compatible tubes, callose is deposited in the tube walls giving the tubes a ladder – like appearance. These callose plugs give a characteristic fluorescence when viewed after staining with the aniline blue flurochrome, indicating their content of a (1 3) ( glucan. (Luu et al., 1999). The cytoplasm of the tube, which includes the two sperm cells and the vegetative nucleus, is carried in the tip of the tube, and the callose plugs isolate the cytoplasm from the spent pollen grain.  Incompatible tubes initially appear identical to compatible tubes, but at some point in the style, the tube wall become, thickened, the callose deposits become irregular, and tube growth slows.  Often the tube tips swell and burst.  Although this pattern is typical of gametophytic self incompatibility, there are variations in some species the tube arrest is either at the stigma surface or very soon after penetration of the style e.g. Oenothera organensis. 


Secale cereale (Heslop Harrison 1967 and Papaver rhoeas (Lawrence et al., 1978).


Typically, a gametophytic system will display two types of seed set patterns as a result of crossing full sib progeny in all possible combinations (a complete diallel)
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Crosses are scored as compatible (+) or incompatible (-) based on seed set or pollen tube growth. In the above example, the expected seed set patterns in two different full dialleles are shown. Assuming the SI system is “tight”, all self pollinations should be incompatible as well as cross pollinations where both S alleles are matched in the pistil and pollen. Typically, either 50% or 75% cross compatibility will be found in dialleles involving gametophytic systems. 

Genetics of Gametophytic self incompatibility 


The genetic control of this system is known as Personata type eg: Nicotiana sandererae. One ‘S’ locus with a large number of alleles, S1, S2, S3, ….Sm controls the compatibility relationship. The genetic feature are simple. It implies that any pollen grains may germinate and accomplish fertilisation provided ‘S’ allele it carries is not present in the diploid tissue of the female organs. There is no dominance of alleles in the style, both are operating to oppose the growth of the respective pollen tube. The alleles are co-dominant. Unidirectional compatibility is observed in this system. 

Bifactorial (two multi allele ‘S’ loci) with poly allelic series and complementarity. 


Two locus or bifactorial incompatibility systems under gametophytic control were first described in the grasses by Lundquist (1964). The incompatibility mechanism is based on two multi allelic loci (S and Z) which are unlinked, segregate independently but show interaction in their incompatibility function. There is co-operation between alleles at different loci in the pollen, but independent reactions of ‘S’ and ‘Z’ alleles in the style. Each combination of alleles establishes a specificity in the haploid pollen and rejection occurs when this specificity is matached by one of the four possible combinations of S and Z in the diploid style. 


A two locus system is most readily detected by the number of cross compatible crosses arising amongst full liblings. As a fully compatible cross will usually involve two heterozygous individuals containing between them four alleles at any locus (if they are diploid), the number of cross compatible classes, amongst siblings is calculated by 4n where n is the number of loci. Thus in the 2 locus grasses, upto 16 sibling classes can occur. 

Three or more loci 


As we have already seen, multilocus systems, generate more cross compatible classes amongst the offspring of a single cross. Using the formula 4n for the number of such classes, where ‘n’ is the number of loci, it will be seen that three locus systems can generate 64 cross compatible offspring classes from a single cross and four locus systems can generate 256. A conventional two locus system can only generate 16 classes. 

Sporophytic self incompatibility


The genetic control for this type of self incompatibility is also believed to be through a single locus with multiple alleles. The incompatibility phenotype of pollen is conferred by the two S locus alleles of the diploid parent plant rather than the S allele present in an individual pollen grain. Consequently, a pollen grain has the same incompatibility phenotype as the plant from which it was shed. (Clarke and Newbigin, 1993)

In sporophytic systems, arrest of pollen tube growth after a self mating occurs at the stigma surface. Callose is deposited both in the tip of the emerging pollen tube and at the site of contact on the stigmatic papilla.  And the system is correlated with trinucleate  pollen. In crucifer, the incompatible pollen generally fail to germinate. Germination may occur in some lines, but the resulting pollen tubes grow abnormally and fail to invade the stigmatic papillary cell wall.  In the latter case, pollen tubes grow through the outer most cuticle layer and were inhibited in the cellulose – pectin layer of the papillary cell wall.  On the papillary cell side a distinctive rejection response is visualized as deposition of ( 1-3 glucan callose at the site of contact with incompatible pollen.  The papillary cells of the stigma thus constitute the barrier to incompatible pollen development in crucifers.  If this barrier is penetrated by pollen tubes, no further obstacles lie in their journey to the Ovary. (Kovaleva, 1999).

Families possessing sporophytic SI include Asteraceae and Brassicaceae (North 1962). The potential for allelic interactions (dominance) between alleles is a unique feature of sprophytic SI (de Nettan court 1969).  It is possible to have dominance in the style, pollen or both. Reciprocal differences may also occur when dominance is present.  Levels of per cent compatibility from full sib diallel mating schemes vary widely with the presence of dominance.  If no dominance is present, 25% compatibility will result: 2 dominant alleles = 37.5%: 3 dominant alleles = 44% dominant allele = 50% … dominant alleles = 75%.

However recent evidence from plant breeding experiments with members of the Brassicaceae have indicated the presence of a second gene that works together with S but which obeys the rules of the gametophytic system.  It has been identified that sporophytic SI exhibits complex multi allelic interactions.  The number of alleles at the S locus was estimated to be 22 in Iberis populations and 25 – 34 in R. raphanistrum  Forty one different alleles were enumerated in cultivated crops of B. oleracea. 
Heteromorphic SI :


In homomorphic SI systems, flowers of plants with different in compatibility genotypes are identical.  In heteromorphic SI however, difference, in flower morphology are associated with in compatibility types.  These differences generally involve two or three length of style and stamens such that in a distylous species, plants of one floral form (morph) have a long style and short anthers (pin) while those of the others morph (‘thrum’) have a short style and long anthers.  Compatible pollinations occur between anthers and stigma at the same length i.e., between the different morph.  Species with three lengths of floral organs (short, mid and long) are tristylous.  In heterostyled plants, the inhibition of pollen tube growth usually differs  between the morphs and can occur in the stigma, style and / or ovary. 

There are compatible and incompatible combinations of crosses and selfs in heteromorphic SI systems.  Legitimate (compatible) combinations are the only crosses that should set seed with an SI system that has complete penetrance.  In the crosses, pollen is taken from anthers that are at the same height as the stigmatic surface, thus effecting negative assortative mating. With distylous species (short and long style plants only) there are two possible legitimate crosses.

1. S x sL – short styles x short stamens (from a long – styled plant)

2. L x lS – long styles x long stamens (from a short styled plants)

All other possible combinations are in compatible without the presence of pseudo – self compatibility.

With tristyly (short, mid and long styled plants), the situations becomes more complex, it has been surmised that tristyly is the most complicated breeding system in existence.  There are 6 legitimate and 18 illegitimate combinations possible.  The 6 legitimate crosses are divided into 3 groups, based on the style morph of the female plant.

S x sM – short styles x short stamens (from a mid – styled plant)

S x sL – short styles x short stamens (from a long styled plant)

M x mS – mid styles x mid stamens (from a short styled plant)

M x mL – mid styles x mid stamens (from a long – styled plant)

L x lS – long styles x long stamens (from s short – styled plant)

L x lM – long styles x long stamens (from a mid – styled plant)

It most diploid systems, distyly is controlled by one locus, s (two alleles) while tristyly is under the control of two loci Sand M (with 2 alleles each) and with S epistatic to M.  Homozygous recessives for the S locus are mid styled only if they have at least one dominant allele for M otherwise, they are long styled. This is in sharp contrast to homomorphic SI systems that are multi allelic. 

Uses of SI in Plant Breeding:

In vegetatively propagated crops that are harvested for vegetative biomass or in Ornamentals, SI may be of little practical significance except in breeding (England 1974).  However, in vegetative crops harvested for fruit or seed, SI presents an expensive complication to horticultural practices since intra-clonal compatibility prohibits mono culture and necessitates complex inter planting designs and /or pollen vectors.  SI is disadvantageous in breeding programs when the number of ‘S’ alleles is limited or inbred lines are being developed.  Once inbred lines have been created, SI can be exploited for hybrid seed production.  In this situation two SI but cross compatible inbreds are used as parents.

Rationale of searching for self – incompatibility systems:


Thompson  (1964) and others are of the opinion that one of the major factors in the rapid evolution and proliferation of angiosperm.  Species was the co-evolution of self-incompatibility in the group.  There is also evidence that a number of our naturally self – fertilized crops were originally derived from cross fertilized population.  Thus the possibility of finding self  - incompatibility among the relatives of presently self-fertilized crops should be good.  Specific examples are tomatoes, beans and lettuce.


The chief system of assuring specific cross - fertilization in commercial production of F1 hybrids under field conditions is male sterility.  The alternative system of self-incompatibility is presently of appreciable economic importance in Cole Crops.


The most important factor in deciding between the two systems concerns the seed yield obtained when selfing the parental lines as the amount of seed obtained per unit of effort increase, the SI system becomes more attractive. The calculations were based on the following suppositions.

a. As a result of inbreeding depression the seed yield of the parent links is 50% hat of normal plants.  It was assumed further that plants from single crosses produce as much seed as those of normal varieties.

b. For the maintenance of the male sterile parental line (A-line) plant of this line and of the pollinator line (B-line) are flowered in the ration of 3:1 or 1:1.  This leads to a reduction in the seed yield fo 25 and 50% respectively.  In producing the hybrid seed it was assumed that the ratio between the male sterile line x the pollinator line (R-line) is 4:1 causing a reduction in yield of 20%.

c. When using SI, the parent lines are mass propagated, as a result of the sib-incompatibility of the lines.  The seed yield being 10% of normal. 

There are two main types of self-incompatibility, heteromorphic and homomorphic.  Heteromorphic, as the term implies, heteromorphically, self compatible species produce morphologically distinct flowers that differ primarily with regard to their relative lengths of style and anthers.  This difference provides a physical barrier to pollination within each flower but allows outcrossing to occur. The effect of incompatibility systems on maintaining and increasing seed of parental lines in presently self – fertilized crops is not known.  There is hope that a physical (e.g. heat) or chemical treatment can be discovered in the near future to assure good seed yields in highly SI lines upon selfing.


In wind pollinated crops male sterility can be expected to operate relatively efficiently.  The same is generally true for those insect pollinated crops that contain nectaries and are collected by nectar-collecting bees. But what happens when male sterility is used with a crop whose flowers do not contain nectaries and in which pollination is dependent upon pollen collecting insects.  Bohn & Nann (1960) with a nectariless mutant in muskmelon found that honeybees failed to wort with flowers lacking nectaries to the same extent as these with nectaries.  But in the use of self-incompatibility for hybrid seed production both of the parental lines would produce pollen thus avoiding the potential pitfall.  Since two of the more important vegetable crops, tomatoes and lettuce are nectariless and potentially insect pollinated the problem is of more than academic interest.


SI system can be well exploited in producing hybrid seeds in self-fertilizing crops.  But the F1 hybrid need to be self compatible so that seed set can be realized.  It is likely that in all incompatibility systems there are modifiers present which can affect the expression of the major incompatibility alleles (Nassrallah and Wallace 1968).

Ideally in crops such as tomatoes, where the commercial product is the fruit the plant breeder would want to produce a self-compatible F1 hybrid.  In  gametophytic self –incompatibility systems fertility alleles are common and the breeder could produce a genetically self fertile F1 hybrid by using as a pollen parent line that was homozygous for a fertility allele.  The same system is applicable to crops possessing sporophytic self – incompatibility systems.  Although the genetics is not as well understood when early summer cauliflower varieties, which are self-compatible (Watts 1968) are crossed with SI cultivars of Brassica oleraceae, the F​1s are usually highly self-compatible.

In crops in which fruit is not the commercial product the breeder need not worry about the self and cross incompatibility in the hybrid variety, whereas in ornamental crops the presence of self and cross incompatibility in a variety may be highly desirable from the stand point of extending the blooming period by preventing seed production.


The greatest current problem facing the breeder of self-incompatibility concerns being able to sexually maintain and increase highly self - incompatibility lines.  Bud pollination works for some crops but not for others (Mc Guire and Rick, 1954) and not all flowers are easily manipulated for bud pollination.  Heat treatments of styles or whole plant appears to offer the greatest hope of temporarily blockline the incompatibility reaction.  The work of Narrallah and Wallace (1967) and others strongly suggests that specific proteins are associated with incompatible reactions.  Presumably the heat treatment acts by denaturing certain heat labile protein at the S or associated incompatibility loci.  Hopefully a simple chemical treatment can be eventually discovered with which to temporally block the incompatibility reaction.

F1 ​hybrid seed production :


The first use of SI in hybrid seed production occurred with Chinese Cabbage in 1949 and extended to Brassica oleracea, cyandon dactylon Brassica napus, and Petunia hybrida. The  economic advantage offered by using SI in hybrid seed production stems from the elimination of costly hand emasculation and pollination.


Nishi (1967) described the general methodology employed in the production of F1 hybrid seed using sporphytic SI.

Preparing materials


Foundation materials are divided into two groups, 

          A and B based on morphological and  / or ecological characteristics.


Mass selection of small individuals in each population (2-4 generation)

Selection of material strains


Groups A populations are crossed in diallel with Group B.


selection of promising strains with high general combining


ability in each group for advancement (generation)

Selection of Individuals



Group A strains are crossed in diallel with Group B.


Parent with high combining ability being cross compatible


and other characteristics will be fixed

Selection and development of inbred lines



The desirable lines in regard to the incompatibility and either


characteristics will be fixed (2-4 generations)


progeny test of developed inbred lines and trial and production


for market. (1 generation).

Increase of developed inbreds by bud pollination



Production of stock seed.



Seeds of each line Xa, Xb, Yc, YD



Shd. Be harvested seperatly

Commercial seed production


In general, development of inbred parent lines using SI require atleast 5-6 years (Inbreeding, selecting , testing).  From this point, it may still take ten or more generation before the new hybrids is created.


Several problems arise with the use of SI in hybrid seed production.  First, the development of homozygous inbred parents often selects against the expression of SI.  When it is time to use these parents in the creation of hybrid seed, strong expression of SI is necessary so that inbreds do not contaminate the seed lots.
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