 APOMIXIS AND HETEROSIS

Introduction


The major constraint in the harnessing of hybrid vigour in crop plants for more than one generation is the inability of the hybrid material to transfer its positive properties to the offspring and hence the material has to be constantly renewed.   It has been generally held that fixing a heterosis is not possible as such.  However, certain methods have been found for fixing heterosis in the heterozygous hybrids viz., vegetative reproduction, transfer to polyploid level, obtaining structural hybrids and using stable apomictic reproduction.  Among these methods, the apomictic  way of reproduction is discussed in detail in this paper.

Forms of Apomixis

A large variety of reproduction methods are available in  angiosperms, among which the most important one is multiplication by seeds.  Seeds containing embryo and endosperm develop through sexual mean or through asexual  means.  Sexual means are achieved viz., cross fertilization or self fertilization (subsequent evolution),  wherein the embryo develop from fertilized egg (zygote) through normal mitosis.

The phenomenon of  development of seeds through asexual mean is termed as apomixis  (Winkler, 1908).  Apomixis   means without merge (of sex cells), whereas normal  sexual reproduction is indicated by the term amphimixis (mutual merging).  Apomixis occurs throughout the whole plant kingdom and is described in more than 300 species belonging to 35 families (Bashaw, 1980).  However, the phenomenon is concentrated in three families viz.  Gramineae,  Rosaceae and compositae.  According to Bashaw (1980), there are over 125 apomictic grass species.  Well known examples are meadow grass (Poa pratensis) a common species in temperate zones and buffalo grass (cenchrus ciliaris) a widely distributed tropical grass. 


In the Rosaceae family,  apomixis are mainly found in the genera Malus, contoneaster, Rubus, sorbus and Potentilla ; in the compositae family many apomicts  occur in the genera  Crepis, Hieracium, Rudbeckia and Taraxacum.  Most apomictic species are allopolyploid,  but apomixis is also demonstrated to occur in several diploids.

Based on the kind of originating cell developing into apomictic embryo, the apomictic  types can be classified.  The origin of the apomictic embryo of the seed may be (unfertilized) elements of the embryo sac i.e. gametophytic origin or from the cells of the ovule (from the cells of the nucellus and integuments) i.e. apogametophytic origin (Khokhlov and  Malysheva, 1976).  The gametophytic type of apomixis may be classified into four groups viz., apozygoty, apogamy, apospory and apoarchespory based on the deletion of one or more steps in the formation of embryo sac cells and zygote formation.

(i)   Apozygoty : In this type, the embryo develops from the unfertilized egg cell and 

      there  is deletion of zygote formation from the plant cycle.

(ii) Apogamy : In apogamy, the embryo develops from the unfertilized synergid or  

      antipodal cells and there is deletion of not only the zygote but also the gamete (egg    

      cell) formation.  In this type, normal meiosis occurs and gamete and other embryo     

      sac  cells are formed, but the embryo develops from embryo sac cells other than the   

      gamete (egg cell).

(iii) Apospory : In this type, the embryo develops from archesporial cells or the cells  

      derived from them which occur by the disruption in meiosis or its replacement by   

      mitosis.  Since there is deletion of spore from the cycle, it is termed as apospory.   

      There is not only the deletion of zygote formation, but also the formation of (egg 

       cell)  and embryo sac cells (spores) 

(iv)Apoarchespory : In apoarchespory, the embryo sac  cells develop directly from the 

     somatic cells of the nucellus.  In this type, there is not only deletion of the zygote, 

      gamete and spore formation  but also the archesporiol  cells and hence the term    

      apoarchespory.

In case of the first two types viz., apozygoty and apogamy, in the embryo,  the parental chromosome is not maintained and the embryo has a reduced (haploid) number of chromosomes as compared to the parent. The terminologies used for the above types of apomixis  are not clear as the term used for the type of apomixis is based on the  stage deleted/absent compared to the  normal plant cycle, but it also indicates the deletion of all the subsequent stages of embryo sac cell and zygote formation.  For example apoarchespory mean the absence of the formation of archesporial cells and it should be borne in mind that it also indicates the deletion of subsequent steps / stages of normal zygote formation viz., spore formation (apospory), gamete formation(apogamy) and zygote formation (apozygoty).

Based on the extent of need of fertilization for apomictic development of embryo the apomixis can be classified  into three types viz., (I) Mentoral apomixis   (ii) Autonomous apomixis  and  (iii) Induced apomixis.

(i) Mentoral apomixis : In angiosperms,  wherein  double fertilization is most common, it has been established that for the apomictic development of embryo, there is a strong need for fertilization of the central nucleus of the embryo in several  cases. In these types, the unfertilized egg cells develop into the embryo under the influence of the endosperm developing from fertilization.  Possibly the endosperm acts as the mentor of the embryo.  Such a singular fertilization of the central nucleus of the embryo sac can be called mentoral  fertilization and the form of apomixis in nwhich mentoral fertilization  is essential for embryo development is mentoral apomixis.  This mentoral fertilization is also called as pseudogamy.

(ii) Autonomous apomixis : In this case, both the fertilization processes are not required for the apomictic development of embryos and there is neither pollination not fertilization.  That is both the egg cell and the central nucleus of the embryo sac do not require fertilization.

(iii) Induced apomixis : Induced or stimulated apomixis can be considered close to the autonomous apomixis, in which both fertilization of the egg cell and the central nucleus of the embryo sac does not take place.  However, for the initiation of the development of apomictic embryo, a treatment of the stigma or the ovary with pollen biogenic chemical or mechanical factor is essential.


In cereals mentoral apomixis predominates;  in compositae autonomous and induced apomixis are more prevalent.  In Rutaceae, apogametophytic embryony is found.

Based on the presence or absence of sexual reproduction along with apomixis or based on the degree of apomixis present,  apomixis is classified as, (I) Faculative apomixis and (ii) obligate apomixis.

(i)
Facultative apomixis : In facultative apomictic species, along with the apomictic formation of the embryo, a larger or smaller proportion of the seeds has an embryo developed from the reduced or fertilized egg cell.  This is an unbalanced form of apomixis.  In these types, the sexual form is diploid and apomictic form is polyploid.

(ii) Obligate apomixis : In obligatory apomictic speics, the embryo always develops from the unfertilized egg cell,   other embryo sac cells, archesporial cells or somatic cells of the nucellus.  Eg Many speics  of Paspalum, Penniselum, Dicanthium.  The  obligatory apomictic plants with autonomous forms of apomixis usually do not  form pollen or if they do, the development is abnormal.  Eg. Calamagrostis sp. 

Although the phenomenon of development of seed through asexual mean is  considered to be apomixis in general, there is much confusion and contrariety in literature about  which forms of asexual  reproduction are to  be included  in apomixis.  Frankel and Galun (1977) included all forms of asexual propagation involving reproductive organs in the floral region.  According to them, the two major groups of apomixis are,

(i) Seed apomixis or agamospery ( seed obtained without sperm cells)

(ii) Reproduction by vegetative organs occurity in the floral zone (eg) Z. bulbils of leek,  an  Allium sp.

The asexual propagation occurring through organs present outside the floral region like bulbs (Onion, tulip), corms (crocus), fleshy roots (cassava), tubers (sweet potato), rhizomes (banana),  runners (strawberry) and layers (Rubus) and the artificial propagation methods like grafting (fruit trees), stem parts (sugarcane), leaf cuttings (sisal) or shoots (chrysanthemum) are excluded from the category of apomixis.

Thus we can distinguish the following forms of apomixis considering all the forms of asexual propagation occuring in the floral region.   

	I
	Propagation by seed
	Agamospermy



	1          Development of embryo from   

             unfertilized egg cell


	Parthenogenesis

	i)          Via reduced egg mother cell

ii) Via unreduced egg mother cell (diplospory)

iii) Via reduced egg mother cell (apospory)


	Haploid parthenogenesis

Haploid parthenogenesis

Diploid parthenogenesis

	2   Development of embryo from other embryo sac      

           cells

i) From reduced embryo sac cell

ii) From unreduced embryo sac cell

3          Development of male nucleus in egg cell 

i) Egg cell nucleus pushed aside                                                      

ii) Chimaera of   male  and female    tissue

4          Development of somatic cell (s)

II     Propagation by vegetative parts in floral zone

1     Vegetative  organs instead of flowers 

2  Vegetative  organs along with  flowers 

3  Vegetative organs in leaf oxils
	Apogam(et)y

Haploid apogam(et)y

Diploid apogam(et)y

Androgenesis

Semigamy

Adventitious embryony

Vegetative propagation

Vivipary

Pseudovivipary
Apoflory



If the bulbils develop outside the floral region, it can not be included under  apomixis.

Genetics of apomixis in plant species


Apomixis may be obligate or facultative.  Environmental factors like hotoperiod or various stresses may decide the balance between apomictic and sexual seed formation in facultative type.  There is very little knowledge about the genetic basis of facultative nature.  Often  sexual and apomictic development do occur simultaneously.  It poses a real problem in practical utilization of apomixis in plant breeding.

However, the information generated on the genetics of apomixis is encouraging, which has significance for its transfer in desirable non-apomictic genotype.  The genes responsible to influence female meiosis or reproduction are considered to be more important.  There are three activities controlled by such genes.

(i)   Development of normal meiosis in megaspore mother cell to form megaspore nucleus  (ii) The mitosis of megaspore nucleus to develop embryo sac and    (iii) development of embryo.  The genes responsible to fail the first activity during megasporogenesis, and to initiate mitosis in the unfertilized diploid egg causes the diplospory.  However, in case if apospory and adventitious embryony, start or mitotic activity of nuclei in the nucellar cells lead to apomixis.

There may be large number of genes involved in the various events under mitosis and melosis which lead to apomixis.  However, there are few critical nodal points in development which are governed by key regulatory genes acting like oligogenes.  Apomixis is usually controlled by one or few genes that are dominant in some species  and recessive in others.    More genetic information is available on apospory than on other apomictic mechanisms.

Breeding methodology

When apomicts are evolved from outcrossing natural or artificial, with wild species or cultivated one, they are likely to be highly heterozygous.  Mutations may also accumulate in heterozygote forms.

In practical breeding it is some what easier to use obligate apomixis than that in case of facultative apomixis.  It is difficult to control variation in the reproductive behaviour of the progeny in facultative apomicts (Bashaw, 1980).  There is a possibility to deal such types to make them obligate type by inducing the genes for female sterility by way of eliminating the sexually reproducing seeds and raising the frequency of apomicts.  Mutagens can be used to modify the gene(s) controlling facultative apomixis or inducing new mutations towards obligate apomixis in cultivated species.

Tetraploid obligate apomict bahiagrass (Paspalum notatum) had been used as male pollinator on an induced tetraploid.  Dominant apomictic genes can be introduced in hybrid through male parent.  A simple method for such hybrid breeding will involve large scale crossing programme of a sexually propagated good agronomic base (female parent)  with a dominant apomict male pollinator.  Apomict line, being heterozygous,  each F1 seed is expected  to be a different hybrid. Desirable vigorous F1  plants are to be selected and carried them in plant to row progenies in F2  .  Select the desirable lines with vigour and maximum uniformity.  Total uniform one is likely to be either apomict or selfed progeny which can be confirmed from the observations on sister progenies.  In case of apomictic line there would be maximum variation between the lines and very less variation within the line.  The few variants in a line  can be considered as a product of sexual seed,  which should be eliminated while carrying such progeny to F3   where one may go for regular evaluation test.

Breeding procedures to be adopted will vary depending on the genes controlling apomixis, levels of apomixis and ploidy levels of a crop species.  Taliaferro and Bashaw (1966)  proposed an outline of procedure using either selfing or crossing followed by selection and evaluation.  Bashaw (1980) used this technique in buffelgrass. Various molecular approaches are also available to sort out the transfer of apomixis across the species barring crossability barriers.

To conclude, apomixis provides a mechanism to fix hybrid vigour and  can avoid the production of crossed seeds of hybrid every year. If it happens a reality one can think of exploitation of hybrids in the crops like mungbean, urdbean, soybean and many more,  where there are many problems in hybrid seed production on commercial scale due to their small and tender flowers and lack of natural outcrossing . There is need to have a collaborative efforts of plant breeder, cytogeneticists and molecular biologists to expedite the process of utilization of apomixis in cultivated crops.  It is a challenge for new generation of plant scientists.
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