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Prospects on the Fixation of F1 Hybrid Seed by Means of 2n Apomixis
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Plants belonging to the category of 2n apomixis or agamospermy form embryos and seeds without the processes of
normal meiosis and syngamy. Seeds produced in this way have identical genotype of their maternal parent. Three different
types of agamospermy are recognized: diplospory, apospory, and adventitious (adventive) embryony. F1 hybrid cultivars
cannot be used as seed sources in the next (F2) generation because this generation would be extremely variable as a result of
genetic segregation. Hybrid vigor is also reduced in the F2 generation. Therefore, parental stocks for hybrid seed production
need to be maintained and cross must be continuously repeated. Agamospermic 2n apomixis would make it possible to fix
the genotype of a superior variety so that clonal seeds faithfully representing that genotype could be continuously and
cheaply produced independent of pollination. That is, Fi hybrid seeds could be produced for many generations without
loss of vigor or genotype alteration. Production of apomictic F1 hybrid seed would be simplified because line isolation
would not be necessary to produce seed or to maintain parental lines, and the use of male-sterile lines could be avoided.
Overall, apomixis would enable a significant reduction in hybrid seed production costs. Additionally, the production of
clonal seed is not only important for seed propagated crops, but also for the propagation of heterozygous fruit trees and
timbers. Clonal seed would help avoid costly and time-consuming vegetative propagating methods that are currently used
to ensure the large-scale production of these plants. Apomixis is scattered throughout the plant kingdom, but few
important agricultural crops possess this trait. Therefore, most research to date has centered on introgressing the trait of
apomixis into agricultural crops such as wheat, maize, and some forage grasses from wild distant relatives by traditional
cross breeding. The classical breeding approach, however, is slow and often impeded by many breeding barriers. These
problems could be surmounted by taking mutagenesis or molecular approach. Arabidopsis thaliana is a tiny sexually
reproducing plant and is convenient in constructing and screening in molecular researches. Male-sterile mutants of
Arabidopsis are particularly suitable genetic background for mutagenesis and screening for apomictic mutants. Molecular
approaches towards isolating the genes controlling the apomictic process are feasible. Direct isolation of genes conferring
apomixis development would greatly facilitate the transfer of this trait to wide variety of crops. Such studies are now in

progress.
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Figure 1. Unequal crossing over at homologous short repeated DNA
sequences (small box) dispersed between or within genes.
Duplication of a gene by unequal crossing over may occur (a) once
or (b) repeatedly to produce two or more copies of the original
coding sequence. (c) Unequal crossing over involving short DNA
repeats in intervening sequences between exons (Ei-E3) may
similarly lead to a recombinant gene containing one or more
duplicated coding segments (Jeffrey and Haris),
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Figure 2. Types of ovules as seen in vertical longitudinal section, A,
atropous or orthotropous. B, anatropous. C, campylotropous. D,
hemianatropous. E, amphitropous (Plantl).
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Figure 3. Young
ovule and megas-
pore mother cell
of Orchis macu-
latus (Hagerup).

Figure 4. Formation of megaspores in Hydrilla verticillata. A,
hypodermal archesporial cell. B, anticlinal division of primary
parietal. C, megaspore mother cell in prophase of meiosis 1. D,
tetrad of megaspores.
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Figure 5. Development of embryo sac in Hydrlla verticillata. A,
tetrad of megaspores with chalazal cell functioning. B,C, two-nucleate
and four-nucleate embryo sacs. D, mature embryo sac: synergids
have degenerated.
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angiosperms,
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Figure 7. Fertilization in petunia. A, mature embryo sac. B,
micropilar portion of embryo sac at time of double fertilization
(Cooper).
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Figure 8. Development of embryo in Capsella bursa-pastoris
(Soueges).
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Figure 9. Formation of restitution nucleus in megaspore mother cell
of apomictic angiosperms. A, nucleus of megaspore mother cell in
prophase (absence of pairing). B, diakinesis. C, semiheterotypic
metaphase. D, fully formed restitution nucleus.

Figure 10. Development of unreduced embryo sac in Ixeris dentata.
A, megaspore mother cell at prophase. B, 21 univalent chromosomes.
C, restitution nucleus. 2-nucleate(D), 4-nucleate(E), and mature(F)
embryo sac.
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Figure 11. Development of aposporic embryo sac in Hieracium
fagellae. A nucellar cell at the bottom of megaspore tetrad has
enlarged (A-E) to form an aposporic sac (F). The dark areas (E,
F) represent the degenerated megaspores (Rosenberg).

Figure 12. Adventitious embryony. Dividing nucellar somatic cells
(A, B, shaded) enter into embryo sac to from adventive embryos
(C).
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Figure 13. Sexual and three apomictic pathways in the
embryogenesis of angiosperms.
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Table 1. Frequency of polyploid species among flowering plants in
various regions of the world.

Regin Latitude(° N) per cent polyploids
Sicily X7 X7
Hungary 46-49 47
Denmark 54-58 53
Great Britain 60-61 57
Sweden 55-69 5
Norway 58-71 38
Finland 60-70 57
Iceland 63-66 &4
South Greenland 60-71 72
(Ayala and Kiger, Jr)
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EARLY GENE EXPRESSION

NUCELLUS NUCELLUS
MEGASPORE NUCELLAR
MOTHER CELL CELLS

EGG (03]
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Figure 14. While the expression of Esi gene occurs at post-meiotic
megaspore in sexual reproduction, it takes the place prematurely at nucellar
somatic cell in aposporous apemict.
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DOMINANT GENE CONTROL OF APOSPORY

SEXUAL APOSPORIC
Esi Esi*

Esi (FACULTATIVE) Esi*
APOMICT

}

Esi”.
Esi

APOSPORIC

Figure 15. Apospory is controlled by a dominant Esi gene.

Esi GENE ACTION

PRODUCT
DNA BINDING @
PROTEIN

v

\
,

EARLY EMBRYO SAC GENES

Figure 16. In an aposporic plant the Esi gene is switched on early
in the nucellar somatic cell and the transcription factor (TF) binds
to the promoters of groups of embryo sac genes.
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ISOLATION OF APOSPORY GENE
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mRNA POOL FROM SEXUAL
MEGASPORE MOTHER CELLS

Figure 17. A putative process of isolating apospory gene.
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