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and a dominant fertility-restoring (Ms) allele; also referred to as rf anf Rf]
respectively
Pro—.
a) msms + (S) cytoplasm = male sterile
b) msms + (N) cytoplasm = male fertile
¢) Ms-- + N or S cytoplasm = male fertile
dmsmsS X msmsN = msms S [sterile]
X /MsMsNorS=  MsmsS [fertie]
* X MsmsNorS = 1 Msms S: 1 msms S
5) nuclear-cytoplasmic interaction usually makes expression susceptible to
instability and can be sensitive to environmental conditiony
6) many species have genic-cytoplasmic ms (> 150 spp)

4. Use of Male Sterility in Seed Production: important in breeding and hybrid seed production.
(More on seed production later in course). The three systems of male sterility and how
they are used are diagrammed in Frankel & Galun (1977, Figures 3.50-3.52s In each
system is the A line (female parent), B line (the maintainer, or the line used to propagate
the A line), and the C line (male parent)

a. GMS: the A line segregates 1:1 for sterility and fertility (rogue out fertiles); F1 hybrid is
fully fertile

b. CMS: F1 hybrid is sterile, useful in forage crops where we are not interested in utilizing
reproductive parts

c. GCMS: A line is pure breeding sterile (no need to rogue), F1 hybrid fully fertile.

rankel & Galun, 1977, Fehr, ch. 2)

1. Self-incompatibility (SI) is the inability of a plant producing functional gametes to produce
functional zygotes/set seed when self-pollinated

2. Seif-incompatibility results from an interaction of pollen/pistil (i.e. stigmas/style/ovary and
pollen/pollen tubes); it has been likened to an antibody-antigen reaction (although that is
not accurate, it is an anology).

3. There are two main types of SI:
a. gametophytic SI = GSI~ pollen/pistil interaction genetically controlled by the
haploid genome of each pollen grain and the diploid genome of the pistil tissue
b. sporophytic SI = SSI = pollen/pistil interaction genetically controlled by the genome

of the sporophyte in which the pollen developed and the diploid genome of the
pistil tissue

4. What is the difference between the two SI ?

a. If we look at a pollen grain, it consists of an interior protoplast with haploid sperm
nuclei containing genes, and an exterior made up of a fairly complex wall (from
exterior inwards, can delineate spines, sexine, cavus, nexine, intine, protoplast).

b. This pollen grain develops inside the anther, surrounded by paternal tissue. Proteins
and carbohydrates from the anther sac diffuse into the wall of the pollen grains and
lodge in the spines, sexine and cavus. When the pollen hydrates and germinates on
a stigma, these proteins diffuse out onto the stigmatic surface.
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c. In sporophytic SI, it is these proteins from the walls of the poilen that determine the
pollen/pistil reaction. Essentially, the nuclear genes of the pollen do not matter
because it is the genes expressed in the sporophyte in which the pollen developed
that determine the reaction.

d. In gametophytic SL, it is the proteins encoded by the genes in the pollen sperm nuclei
that determine the pollen/pistil interaction and not these wall proteins.

5. Gametophytic SI (GSI): .
a. Often controlled by a single "s" locus with muitiple alleless
b. Pollen grain genotype determines its phenotype; and unlike alleles are compatible;
e.g. male s1s3 plant makes both s1 and s3 poilen (i.e. two different genotypes and
phenotypes) during meiosis
c. Example: (Note: the female parent is always designated first in breeding notation).

parents polien egg cells progeny
genotype geno/pheno  geno/pheno geno/pheno reaction
s1s2 x s1s2 sl, s2 sl, s2 none incompatible
sls2 x s2s3  s2, 83 sl, s2 s1s3, s2s3 half compatible
sls2 xs3s4  s3,s4 sl, s2 s1s3, sls4, fully

s2s3, s2s4 compatible

Frankel & Galun (1977) Table 3.24 (on handout) illustrates other examples and indicates
whether the reaction is incompatible, half- or fully compatible.

d. This type of SI is not usually important in hybrid seed development since occurs
sporadically, but does affect breeding methods/procedures by hampering self-
pollination and crosses between parents with similar "s" alleles

e. G8Loccurs in many genera, e.g. Beta! Festuca, Hordeum, LycopersiconyMedicago,
Nicotiana, Prunus, Pyrus, Secale, Solanum, Trifolium ‘

6. Sporophytic ST (SST

a. Often controlled by a single locus with muitiple "s" alleles. Alleles can have complex +
dominance relationships with each other; dominance/independence relationships in
the pollen and the pistil may differ.

b. Genotype of paternal anther tissue determines the phenotype of ALL the pollen:
produced by that plant;-e.g. male s1s3 plant makes phenotypically s1s3 pollen
only

c. Dominance patterns can be different in the maternal (pistil) and paternal (anther) tissues;
allelic series of dominance e.g. s2 > s3 > s1 or no dominance (i.e. independent)

d. Examples from Frankel & Galun (1977): if cross s1s3 (female) x sis2 (male), and
dominance patterns vary (examples 1-9), the following results would be observed:
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phenotype phenotype

ex.  anther pollen pistil pistil reaction

1 independent sl +s2 independent sl +s3 Incompatible (I)
2 s1>s2 sl independent sl +s3 I

3 s2>sl s2 independent sl +s3 Compatible (C)
4 independent sl +s2 sl >s3 sl I

5 independent sl +s2 3 > sl s3 C

6 sl >s2 sl sl >s3 sl I

7 sl >s2 sl s3>sl s3 C

8 s2>s- s2 sl >s3 sl C

9 §2 > s- s2 s3> s- s3 C

e.B8Ebccurs in some genera, e.g. Brassica, Helianthus, Linum, Pyrethrum, St
f. Use of sporophytic SI important in hybrid development
e.g. brassica; single cross hybrids = develop inbred homozygous lines by bud
pollination (to circumvent self-incompatibility),
slsl ->slsl ->slsl ->line A
§2s2 -> 5282 -> 5252 -> line B
then interplant lines A and B and let bees cross-pollinate, harvest seeds from
female plants, obtain hybrid s1s2 seed
e.g. double cross hybrids = (s1s1 x s2s2 = s1s2), (s3s3 x s4s4 = s3s4), then cross
s1s2 x s3s4 = the commercial hybrid

7. Comparison of gametophytic and sporophytic SI: Frankel & Galun (1977) Fig. 3.35 compares
the two systems in diploids. In gametophytic, crosses are either not compatible, partially
compatible or completely compatible; with sporophytic, not compatible or completely
compatible.

8. Overcoming or inhibiting SI ¢
a. Genetic
1) Mutation (spontaneous or induced by X-ray): creates another S alleleor a self-
fertile (i.e., non-functional S) allele
2) Inductlon of polyplmdy;overcomes gametophytic SI (but not SSI)

1) Temperature extremes (hot and cold) e PS e

2) Mutagens (X-rays) o sh g [t [Co «rm" ?; yeegph Ve

3) Time: floral aging, bud pollinations (e.g., Brassica, Raphanus) "M; pn c oot

4) Surgical: apply pollen to cut style (may work, but rare)

5) “Mentor” pollen: mix compatible and incompatible pollen and pollinate the
flowers; the compatible pollen grows and may permit the incompatible
pollen to also grow and fertilize the ovules

9. Problems in using SI in breeding
a. New incompatiblity alleles can arise e.g. forced selfing in Lycopersicon peruvianum
b. Inbreeding depression by continuous selfing to maintain inbred lines
c. Pseudo-incompatibility can arise: incompatibility reaction affected by genes other than S
locus (i.e. epistatic interactions)
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Fully incompatible

One Multiallelic S Locus

Table 3.24. Compatible and incompatible combinations among all possible reciprocal cross-
and self-pollinations in populations having the one multiallelic S locus. gametophytic in-
compatibility system. The populations contain either three S alleles (A—plants are S3, S;3
or S,3) or four alleles (A+B—plants are S,;, S;3, S23, S1a, S24, Or S34). Numbers in

parentheses represent fractions of compatible pollen grains in each crqss-pollination
[ Tavo

Semicompatible

Cross-fertilization

PLI (SY

Fully compatible

dawmerny
Figure 4-5. Diagram showing how multiple alleles control incompatibility in certain
plants. A pollen tube will not grow if the S allele that it contains is present in the female
parent. This diagram shows only four multiple alleles, but many plant incompatibility
systems use far larger numbers of alleles. Such systems act to promote exchange of i

genes between plants by making selfing impossible and crosses between near relations
very unlikely. (From A. M. Srb, R. D. Owen, and R. S. Edgar, General Genetics,
2nd ed. Copyright © 1965, W. H. Freeman and Company.) )
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