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Use of Self- incompatibility in Hybrid Seed Production



What is Self-incompatibility?

« |t refers to the failure of pollen from a flower to fertilize the same flower or other flowers on
the same plant.

« Koelreuter in the middle of the 18th century, first reported self-incompatibility in Verbascum

phoeniceum plant.

« Term was first coined by Stout in 1917.

* More than 300 species belonging to 20 families of angiosperms show self-incompatibility.
self-incompatible pollen grains fail to germinate on the stigma of the flower that produced
them. If some pollen grains do germinate, pollen tubes fail to enter the stigma. In many
species, the pollen tubes enter the style, but they grow too slowly to effect fertilization
before the flower drops. Sometimes, fertilization is affected, but the embryo degenerates at a
very early stage. Self-incompatibility appears to be a biochemical reaction, but the precise
nature of these reactions is not clearly understood. The genetic control of incompatibility
reactions Is relatively simple.
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Heteromorphic System

Flowers of difference in morphology is called
heteromorphic system.

1. DISTYLY- e.g. Primula

« 2 types of flowers

 Pin flower- long styles and short stamens

« Thrum flower- short styles and long
stamens.

« Compatible mating is only between pin and
thrum flowers.

« This system is of little importance in crop
plants; it occurs in sweet potato and
buckwheat.




2. TRISTYLY- e.g. Lythrum salicaria
* Styles are of 3 different length- short
, medium and long

* [t 1s controlled by 2 dominant genes
— S and M. (S short style , M- medium
style)

* The compatible mating are- long *
medium, long * short, medium *
short

Tristyly in Lythrum

style short, stamens
mid and long

{ style long, stamens
short and mid

style mid, stamens
short and long

Yellow arrow
points to style
in each flower




Homorphic System

In the homomorphic system, incompatibility is not associated with morphological
differences among flowers. The incompatibility reaction of pollen may be controlled by
the genotype of the plant on which it Is produced or by its own genotype.

Two types:-
1. Gametophytic self incompatibility
2. Sporophytic self incompatibility

1. Gametophytic selfincompatibility
The incompatibility reaction of pollen is controlled by its own genotype.
Pollen tube growth is usually inhibited in the style or ovary.
First described by East and Mangelsdorf in 1925 in Nicotiana sanderae.



GEUIYPEGPLANT

Most widely distributed and ancestral.

e.g.-potato, tomato, rye, beet, pine apple
etc.
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® Three types of mating-

1) Fully incompatible = S1S2 x S1S2
1) Partially compatible = S1S2x S2S3
l11) Fully compatible = S1S2 x S3S4

MATING (S, S, X §,8,) MATING (S5, X §,5)  MATING (58, X 58)
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» The incompatibility reaction of pollen is

controlled by the genotype of the plant on
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which the pollen Is produced -called POLLEN GRANS
sporophytic self-incompatibility.
First reported by Hughes and Babcock In mooosvE S S % % & 8

1950 in Crepis foetida, and by Gerstel In
Parthenium (in the same year).

e.g.- radish (R. sativus), diploid Brassica
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Mechanism of Self-Incompatibility

» The mechanism of self-incompatibility I1s quite complex and is poorly
understood. The various phenomena observed in self-incompatible
matings are grouped into three broad categories:

(1) pollen-stigma interaction,
(2) pollen tube-style interaction, and

(3) pollen tube-ovule interaction.



Instances Where Sl iIs Preferred for Crop Production

*\When the absence of seed or fertilization is desirable SI may be the preferred condition. For
Instance, seedless fruits are highly desirable in some crops such as citrus (e.g., orange,
mandarin, lemon, etc.). Most citrus cultivars display some degree of parthenocarpy and, thus,
they form normal, but seedless, fruits without fertilization. However, when otherwise seedless
cultivars are cultivated In proximity of cross-compatible cultivars undesirable seeded fruits
may still be formed. Consequently, Sl is regarded as a target trait for Citrus breeding so that it
could be used in conjunction with parthenocarpy to greatly reduce seed number.

*This approach was validated with a mutant mandarin (Citrus reticulata Blanco) cv.
“Wuzishatangju’ where seedlessness could be attributed to GSI. Furthermore, roles for GSI In
seedlessness also have been reported In the mandarin cv. ‘Afourer’ and in the lemon (Citrus
limon [L.] Burm. F.) cultivars ‘Xiangshui’ and ‘Kagzi kalan’. Style expressed S-like-RNAses
and SKP1-like genes have been proposed to be involved in the Sl response of the mandarin cv.
“Wuzishatangju’. However, more research on the Citrus SI system will be needed before
engineering Sl for seedlessness will be practical.
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SI in Hybrid Breeding

In family-Brassicaceae

o In Brassicaceae, Sl is widely used for hybrid seed production in the generally Sl diploid
vegetables Brassica oleracea and B. rapa/ B. campestris.

o However, the derived amphi-diploid oilseed rape/ canola (B. napus) is naturally SC, and
Introgression of S-alleles from its parental species is required to produce hybrid seeds.

o Thus, introgressed the S-locus from the SI B. campestris ‘W1’ line into the SC B. napus cv.
“Westar’ and developed an SI ‘Westar’ line by backcrossing.

o Later, resynthesized Sl in B. napus by crossing S| B. oleraceae and B. rapa .Success In
restoring S| across species led to hopes that a deeper understanding of the molecular
genetics of SI might allow it to be more used extensively in hybrid breeding.

o Transfer into distantly related crop species has yet to be reported. Indeed, it is unlikely to be
successful since Brassica Sl requires modifier genes for proper function as explained in
Molecular Mechanisms of SI.

o However, S-genes may allow specific pollen rejection in a wide variety of species. Unlike
the S-RNase-based systems and the Brassica SSI system.




Development of F, hybrids using male sterility cortile Restoring Si in SC lines
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The above figure shows that the use of male sterility and self incompatibility in F2 hybrid
seed production

(A)Common method to prevent self fertilization of hermaphrodite female parents using male
sterility self incompatibility

(B)Self incompatibility based system as alternative Androsterility for producing F1 hybrid self
Incompatibility parent and F1 hybrid are indicated

(C)Introgression of Sl factors from different gene pool to restore Sl in Brassicaceae SC line
(D)Increase in F1 hybrid production by restricting Sl alleles in semi hybrid system

In Eucalyptus Seed

o Self-incompatibility found In a Eucalyptus grandis clone was used to promote
Interspecific hybridization between E. grandis and E. urophylla clones.

o The hybridization rate in a seed orchard in which self-incompatibility was used as a tool
to enhance the production of E. grandis x E. urophylla hybrid seeds. Isozyme
electrophoresis Is a fast and efficient technigue for estimating outcrossing rates in plants.



o E. grandis, identified as highly self-incompatible, and 22 clones of E. urophylla, the pollen
donors. These clones were randomized and equally represented within the orchard. The 22
pollen parents were planted The E. grandis clone, from which seeds were harvested.

o For sampling purposes, the orchard was sub-divided into 16 sectors in which seeds from
the E. grandis clone were harvested .Twenty-nine trees were sampled. Seedlings were
grown in a tree nursery at the Federal University of Vicosa in Minas Gerais. Young leaves
from the adult parental clones in the orchard and from 15 seedlings at the age of two
months were harvested for electrophoresis.

F1 Hybrid Seed Potato Breeding

o Compared to other major food crops, progress in potato yield as the result of breeding
efforts is very slow. Genetic gains cannot be fixed in potato due to obligatory out-breeding.
Overcoming inbreeding depression using diploid self-compatible clones should enable to
replace the current method of out-breeding and clonal propagation into an F1 hybrid system
with true seeds. This idea Is not new, but has long been considered unrealistic. Severe
Inbreeding depression and self incompatibility in diploid germplasm have hitherto blocked
the development of inbred lines.




Back-crossing with a homozygous progenitor with the Sli gene which inhibits gametophytic
self-incompatibility gave self-compatible offspring from elite material from our diploid
breeding programme.

It demonstrate that homozygous fixation of donor alleles is possible, with simultaneous
Improvement of tuber shape and tuber size grading of the recipient inbred line.

These results provide proof of principle for F1 hybrid potato breeding. The technical and
economic perspectives are unprecedented as these will enable the development of new
products with combinations of useful traits for all stakeholders in the potato chain.

In addition, the hybrid’s seeds are produced by crossings, rendering the production and
voluminous transport of potato seed tubers redundant as it can be replaced by direct sowing
or the use of healthy mini-tubers, raised in greenhouses.



Produce Commercial Seed-Propagated Fl Bermuda grass Hybrids

o Many clones of bermudagrass exhibit a high degree of self-incompatibility.

o Most of these appear to be cross compatible. Six superior clones set an average of six times
more seed when mutually pollinated with the other five clones than when selfed. Four of
the 15 diallel (mutual pollination) crosses Involving these six clones tested In plots
established from seed yielded as much (or more) forage as the best vegetatively propagated
clone in the test.

o One clone, unrelated to the others, gave high-yielding hybrids and high general combining
ability effects when crossed with the other five dories.

o Commercial F, hybrid seed could be produced by harvesting all seed from a field
vegetatively planted to alternate rows of two such clones. These clones may not yield
enough seed, however, to make hybrid bermudagrass seed production competitive with
alternate land uses in Arizona.



The Production of hybrid cabbage seed

o The inbred plants of cabbage were found which showed from 40 to 100% crossing when
mixed pollinations were carried out. Any mating exhibiting 90% or more crossing Is
considered as highly self incompatible and probably satisfactory for the production of
hybrid seed.

o In addition, it was found that the progenies derived from plants possessing high degrees
of self incompatibility also had a high level of self incompatibility. Within Some progenies
certain matings exhibited a higher percentage of self compatibility than expected,
apparently as the result of modifying factors.

o It iIs therefore recommended that many highly self incompatible inbred lines should be
crossed in all combinations, including the reciprocals, prior to the selection of parental lines
for the production of hybrid seed.

o This crossing will make possible the selection of lines that are highly self incompatible but
cross compatible in both directions, and also the testing of combining ability.



o An experiment was carried out to study the effect of temperature on incompatibility in a
single clone. The degree of cross incompatibility was significantly lower at 60 to 70° than
at 50 to 60° F, but at either temperature the line tested showed over 90% crossing.

o In developing inbred lines for hybrid seed production, selection should therefore be effected
at temperatures as high as, or slightly higher than, those expected to prevail during
the flowering period.

“ USE OF SELF INCOMPATABILITY FOR HYBRID SEED PRODUCTION -EXAMPLES

CROP VARITIES

CAULIFLOWER IIVR-1, IIVR-50, Kataki Early-29, HAZIPUR-4 (BP), Pusi — 4,
Agahani JBT -23/60, Late Agahani, Aghani-8, Pusi Hazipur, Agahani long leaf, Agahani
small leaf, Kuwari-1, Kataki-12 57

RADISH -Pusa Chetaki, Pusa Desi



» USE OF SELF INCOMPATABILITY COMBINED WITH PARTHENOCARPY FOR
SEEDLESS FRUIT PRODUCTION

CROPVARITIES

Mandarins- IDE 2 Shasta Gold, TDE 3 Tahoe Gold, TDE 4 Yosemite Gold
Grapefruit- Rio Red, Marsh
Sweet Orange- Orlando, Osceola, Sunburst, Minneola, Page, Nova

“» USE OF SELF INCOMPATABILITY FOR HYBRID SEED PRODUCTION

CROPVARITIES

CAULIFLOWER- 1IVR-1, IIVR-50, Kataki Early-29, HAZIPUR-4 (BP), Pusi — 4,
Agahani JBT -23/60, Late Agahani, Aghani-8, Pusi Hazipur, Agahani long leaf, Agahani
small leaf, Kuwari-1, Kataki-12 57

RADISH- Pusa Chetaki, Pusa Desi, Half Red, Acc. No. 30205, Acc. No. 282, Chinese
Pink,



“*USE OF SELF INCOMPATABILITY COMBINED WITH PARTHENOCARPY FOR
SEEDLESS FRUIT PRODUCTION

CROP VARITIES

Mandarins- IDE 2 Shasta Gold, TDE 3 Tahoe Gold, TDE 4 Yosemite Gold

Grapefruit- Rio Red, Marsh
Sweet Orange- Orlando, Osceola, Sunburst, Minneola, Page, Nova






