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Saf incompatibility a mechanism for controlled
pollinationinvegetablecrops

B SHILPA KUMARI, ARCHANA ANOKHE AND RAHUL KUMAR

SUMMARY : Self-incompatibility (Sl) isagenetically controlled cell to cell recognition system that
actsasabarrier to self-pollination in awide range of vegetable cropslike cabbage, cauliflower, tomato
etc. Self-incompatibility isamajor mechanism by which plants prevent self-fertilization and maintain
genetic diversity. Sl is estimated to occur in 30— 50% of flowering plant species. Several Sl systems
have now been identified. In all cases incompatible (self-) pollen is recognized by a highly specific
genetically controlled mechanism that results in inhibition of the pollen in the stigma or style of the
pistil. Theuse of Sl in F, hybrid production has major advantage over other methods. Use of Sl in cole
crops for hybrid seed production is commercialised till date in vegetable crops because availability of
cost effective mechanism/method to produce large-scale Flseeds utilizing selected parental linesisan
important factor, which ultimately determines the commercial viability of the hybrid varieties.
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in the expression of Sl trait (Dodds et al.,
1997).

Self-incompatibility (Sl) is one of the
most important systems used by many
flowering plants to prevent self-fertilization
and thereby generate and maintain genetic
diversity withinaspecies. Sdf incompatibility
has been defined as “the prevention of fusion
of fertile male and female gametes after self
pollination”. In case of Sl, pollen grains fail to
germinate on the stigma of the flower that
produced them. If some pollen grains do
germinate, pollen tubefailsto enter the gigma.
In some spp., the pollen tubes enter the style,
but they grow too dlowly to effect fertilization

BACKGROUND AND OBJECTIVES

The mating system is one of the most
fundamental characteristicsof aplant species
shaping population level processes such as
inbreeding effects, demography (Morgan et
al., 2005), and evol utionary trends (Ferrer and
Good, 2012). About 40%—-60% of all species
of flowering plants are thought to be self-
incompatible (Igic et al., 2008). Ever since
thefirst discussion on self-incompatibility by
Darwin (1877), the phenomenon has
extensively studied in severa plant families
and now significant amount of informationis
available on genesand gene productsinvol ved
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before the flower drops. Sometimes, fertilization is
effected, but the embryos degenerate at a very early
stage.

There are two types of Sl, viz., gametophytic and
sporophytic. In gametophytic system Sl reaction of pollen
and stigmais determined by the genotype of the mother
plant on which pollens are produced (e.g. tomato) while
in sporophytic system, pollen phenotype (Sl reaction) is
determined by the genotype of the mother plant onwhich
pollens are produced (e.g. cole vegetables). In
Brassicacae, sporophytic self-incompatibility (SSI) has
been best characterized and successfully utilized for the
development of commercial hybrids (Pearson, 1983;
Singh, 2000 and Singh et al., 2001).

Classification of SI:
Onthebasisof theinteraction between pollen grains
and pistil, Sl isclassified into the following two types-

Complementary system of Self-Incompatibility:

Thissystemisalso called stimulatory type of Sl. In
thissystem pollen and pistil together provide substances,
which stimulate pollen germination and growth of pollen
tubeif the pollen grain differ in SI genotype from that of
pistil; the germination and growth of pollen having similar
genotype is not stimulated. This type of Sl reported in
Dendrobium.

Oppositional system of self-incompatibility:
Thisis also known asinhibitory type of Sl. In this
system pollen and pistil produce such substanceswhich
prevent pollen germination and/or pollentube growth if
the pollen hasthe same Sl reaction asthe pistil. However,
germination and growth of pollendifferingin Sl reaction
isnot inhibited. Almost all cases of Sl are of thistype.

A simpler classification given by Lewisin 1954:
— Heteromorphic System
— Homomorphic System
— Gametophyticcontrole and
— Sporophyticcontrole.

Heter omor phic system :

Inthissystemtheflowersof different incompatibility
groups are different in morphology. For example, in
Primula there are two types of flowers, Pin and Thrum.
Pin flowers have long style and short stamens, while
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thrum flowers have short style and long stamens. This
systemisknown asdistyly. Pin and Thrum flowersborn
on different plants and only compatible mating between
pin and thrum flowers. This characteristic is governed
by asinglelocuss; Ss produce thrum, while ssproduce
pin flowers. Thisincompatibility systemis also known
as Heteromorphic Sporophytic SI because the
incompatibility reaction of pollen grainisdetermined by
the genotype of the plant producing them. This system
found in sweet potato and buckwheat.

Table 1 : Heter omor phic sporophytic system of incompatibility

Mating Progeny

Phenotype Genotype  Genotype Phenotype
Pinx Pin SSX SS Incompatible mating

Pin x thrum ssX Ss 1Ss:1ss 1 Thrum: 1Pin
Thrum x Pin Ssx ss 1Ss: 1ss 1Thrum: 1Pin
Thrumx Thrum  Ssx Ss Incompatible mating

Homomor phic system :

Thissystem foundin majority of self-incompatible
species, and incompatibility is not associated with
morphological differences among flowers. The
incompatibility reaction of pollen may be governed by
the plant on whichit isproduced (sporophytic control) or
by its own genotype (gametophytic control).

Gametophytic control :

Thiswas first described by East and Mangel sdorf
in 1925 in Nicotiana sanderae. The incompatibility
reaction of pollen is determined by its own genotype
because the biochemical substances involved in Si
reaction of the pollen is produced after meiosis. The S
alelesin style show co-dominance. Theincompatibility
reaction may be controlled by one or two genes; on this
basisthe GSl isclassified into two groups-

— Monofactorial e.g.; Trifolium, Nicotiana,
Lycopersicon, Solanum, Petunia, etc.

— Difactorial system e.g.; In grasses

— While some spp. has more than two genes, e.g.;
Papaver has three genes, while Beta vulgaris has four
genes.

Sporophytic control :
In this system the self-incompatibility is governed
by asingle gene, S, with multiple alleles. The no. of S
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Table 2 : Characteristic feature of different types of homomor phic self-incompatibility. The pollen and stigma mor phology and pollen cytology
appear to be correlated with the site of inhibition rather than with the mode of control of Sl reaction

Type of self-incompatibility
Feature gametophytic
Genes governing Sl reaction

Monofactorial gametophytic
Number of genes One
Number of aleles
Pollen grains

Sl reaction controlled by Pollen genotype
Number of nucleiat the time of pollen shed  Binucleate
Pollen coating (exine morphology) Simple

Pollen germination Slow

Exine morphology Imperforate or Microperforate

Others
Stigmartype Wet
Site of inhibition Style

Effect of polyploidy on Sl reaction May be eliminated

Multiple aleles (often 50 or more)

Bifactorial sporophytic Monofactorial

Two One

Multiple aleles (Usually < 20)  Multiple aleles (often 50 or more)

Pollen genotype Sporophyte genotype
Trinucleate Trinucleate

Complex Complex

Fast Fast

Perforate Perforate or Reticulate
Dry Dry

stigma Stigma

Unaffected

alelesisconsiderably larger inthe gametophytic thanin
the sporophytic system. In this case the incompatibility
reaction of pollenis governed by the genotype of plant
onwhich the pollenis produced and not by the genotype
of the pollenitself asin the case of gametophytic control.
It was first time reported by Hughes and Babcock in
1950 in Crepisfoetida, and by Gerstel in Parthenium
argentatum in the same year.

Brassicaceae type of self-incompatibility :

The Sl in the Brassicaceae belongs to SSI and, so
far, isthe only SSI system in which the mechanism has
been characterized at the molecular level. More than 30
and 50 S-haplotypes have beenidentified in B. rapa(syn.
campestris) and in B. oleracea, respectively. In the self-

incompatible plants of this family, pollen tubes do not
develop properly on the stigma that expressthe same S
haplotypes as the pollen’s parent. Self-pollen rejection
resultsin abrogated pollen hydration, or arapid arrest of
the pollen tube growth at the stigma surface.

Solanaceae type of self-incompatibility :

The Solanaceae, Rosaceae, and Scrophulariaceae
families al share afemale Sdeterminant, an S-RNase.
The S-RNase was first identified in the Solanaceae so
we refer to this S-RNase-mediated type of Sl as
Solanaceae type Sl. The Solanaceae-type Sl is under
gametophytic control (GSI) and the rejection of self-
pollen occurs during pollen tube growth in the style.
Recently, the genomic sequences around the S-RNase

Line A x Line B Line C X Line D
S]Sl l SzSz 5383 l 8484
SISZ 8384
(A*xB) ® (CxD)
Single cross hvbrid Single cross hyvbrid x Any line
L

v

(AXB) % (CxD)
Double-cross hvbrid

Fig. 1:

!

Three-way hvbrid

Single, double and three way cross hybrid seed production
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genes were thoroughly analyzed in these taxa, with the
net result of finally identifying the elusive male S
determinant. The molecular nature of theidentified male
S determinant suggests a new model of how these
determinantsareinvolved inthe specific rejection of self-

pollen.

Uses of Sl in cultivar development:

The use of Sl in F, hybrid production has major
advantage over other methods; equal quantities of seed
of thetwo inbred lines can be mixed together for showing,
and the whole crop is harvested for seed. For hybrid
seed production both the parental inbreds should have
two different Sallelesfor strong self-incompatibility in
case of single cross hybrid .One S.I. inbred is used as
femal e parent and agood pollinator (an open pollinated
variety) as male to devel op top cross hybrid, while four
S.1. inbreds having altogether different Sallelesare used
to produce double crosshybrids (Fig. 1). Among the cole
vegetables like cabbage, cauliflower, broccoli etc.,
sporophytic self-incompatibility mechanism is being
utilized for hybrid seed production at severa places
including India (Singh, 2000). Usually in cauliflower S.I.
isweak and S.I. reaction is breaks at high temperature,
resulting into selfing and sibling (brother-sister mating)
among the plants of femal e parent, thus deterioration in
the genetic make up of F1 seeds.

Conclusion :

Self-incompatibility is a system used by many
flowering plant speciesto prevent self-fertilization and
thereby promote outcrossing. Over the years,
considerabl einsight into the mechanisms regul ating self-
incompatibility has been obtained for the Solanaceae
gametophytic self-incompatibility systemsaswell asfor
the sporophytic self-incompatibility system of the
Brassicaceae in vegetable crops. A combination of
genetic and molecular studies has resulted in the
identification and characterization of the self-
incompatibility genesinvolvedin thisresponse. Inaddition,
careful investigation of the componentsinthesignalling
cascades of both the Solanaceae and the Brassicaceae
is required for a complete understanding of the self-
incompatibility responsein these families. A number of

th

mechanisms and methods have not been exploited for
the developmentof commercial hybridsin vegetablecrops
among that Sl isof primeimportance.Inthelight of rapid
advancement of bio-technology, it may be anticipated that
Sl systemswill beincreasingly utilizedin near future, in
vegetable crops.
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