
E-ISSN: 2582-9467 

Popular Article 

Jagadeesh et. al. (2022) 

Vigyan Varta An International E-Magazine for Science Enthusiasts 

www.vigyanvarta.com Vol-3, Issue-8 

August, 2022 8 |P a g e 

 

 

R 

 

 
 

Apomixis: A Boon for Farmers 

Kommineni Jagadeesh1*, Komatireddy Bhargavi2 and Mondem Bhargavi2 

1&2Ph.D. Scholar, Genetics and Plant Breeding Department, PJTSAU, Hyderabad 

Corresponding Author 
Kommineni Jagadeesh 

Email: kommiennijagadeesh1@gmail.com 
 

Keywords 

Apomixis, Wild relatives, Mutation breeding, Genetic transformation, Crispr-cas 
 

How to cite this article 
 

Jagadeesh, K., Bhargavi, K. and Bhargavi, M. 2022. Apomixis: A Boon for Farmers. Vigyan Varta 

3(8): 8-12. 
 

ABSTRACT 

The seed is the material by which plants are perpetuated from one generation to the next 

generation which is formed by the process of fertilization which is part of sexual 

reproduction. During this process crossing over takes place and segregation of characters 

takes place resulting in a change in the genotype, produced by the parents. This is the factor 

limiting the farmers from using the hybrids continuously for many generations. Apomixis is 

the process by which seeds can produce clonally without any genetic deviation. In order to 

develop apomixis in the crop species, different breeding procedures like crossing with wild 

relatives, mutation breeding, genetic transformation and recent novel technologies like 

crispr- cas are being practiced. This approach majorly reduced the burden on the farmers 

by avoiding repeated buying of hybrid seeds. Till now we are in the midway of the journey, 

once the destination is reached it can be considered as a boon for farmers. 
 

 

INTRODUCTION 
 

eproduction is the process by which 

organisms produce their offspring, by 

which   they   can   perpetuate   their 

generations. In general, the modes of 

reproduction are classified into two types, 

sexual and asexual. The term apomixis is 

coined by Winkler in the year 1908 and is used 

as a substitute for sexual reproduction. It was 

the observation made by smith in a higher 

plant i.e., the female plant of Alchornea 

ilicifolia that continued to produce seeds 

which lead to the discovery of apomixis in the 

year 1948 (Lone and Lone 2013). Apomixis in 

flowering plants is defined as the process by 

which seeds are formed from maternal tissues 

of the ovule in which meiosis and fertilization 

are omitted leading to the formation of an 

embryo. In the process of enhancing the yield 

levels in various crops, the development of 

hybrids has opted as the breeding approach. 

But the hybrids once developed cannot be used 

continuously for many generations. It is due to 

the problem of segregation that has to be 

answered. In this process, apomixis has opted 

as the solution through apomictic reproduction 

the genetic nature or genotypes once 

developed can be maintained indefinitely. It is 

the cause that had attracted breeders towards 
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this approach and given rise profound 

importance to it. 

Mechanism Of Apomixis: 
 

During the process of amphimixis, the mitosis 

of the megaspore mother cell resulted in the 

development of four microspores. Out of 

these, three have degenerated and one 

remaining undergoes meiotic division 

resulting in the formation of mega sporophyte 

i.e., seven celled eight nucleated embryo sac 

with 3 synergids, two antipodals, two polar 

nuclei and one egg cell. The union of the male 

gamete with egg cell resulted in the formation 

of the embryo and the fusion of polar nuclei 

with the male gamete results in the endosperm 

which is required for the nourishment of the 

embryo. The deviation in sexual reproduction 

that leads to the phenomenon of apomixis is 

the formation of the asexual embryo which is 

genetically identical to the maternal parent. 

Based on the origin of the embryo, the process 

of apomixis has been classified into two types: 

1)  Gametophytic Apomixis: It is the 

condition in which an embryo is formed 

from an unreduced embryo sac. Based on 

the cell from which the unreduced embryo 

sac had originated, it is further classified 

into two types (Koltunow et al.,1995, 

Bicknell and Koltunow., 2004). 

a) Diplospory: In diplospory, the abnormal 

meiosis of megaspore mother cell resulted 

in the development of unreduced 

megaspores. One of the unreduced 

megaspores produces a diploid embryo sac 

from which the diploid egg cell develops 

into an embryo without double 

fertilization (Schmidt.,2020). 

b) Apospory: In this, the nucellar cell which 

is located near the megaspore mother cell 

acquires gametophytic lineage without 

meiosis. The development of sexual 

gametophyte is repressed and an 

unreduced embryo is formed from the 

diploid egg cell without fertilization. 

2) Sporophytic apomixis: Adventitious 

embryony is the condition under 

sporophytic apomixis in which the embryo 

is developed from the nucellus or 

integuments without the formation of 

embryosac. The adventitious embryo 

formed may coexist with the sexual 

embryo formed by fertilization which 

results in a condition called 

polyembryony. 

The development of an embryo from the 

unreduced and unfertilized egg is called 

Parthenogenesis (Barcaccia and Albertini, 

2013). The apomixis has also been classified 

as an obligatory and facultative type of 

apomixis. In the case of obligatory, sexual 

reproduction had been completely replaced by 

apomixis, but there is scope for sexual 

reproduction in the case of facultative 

apomixis along with apomixis. 

Approaches for Apomixis Development: 
 

Three major approaches are being practiced. In 

process of converting the sexual mode of 

reproduction in crop plants into apomictic, 

crossing with wild apomictic relatives: Till 

now many attempts had been made by many 

scientists in order to transfer the apomixis trait 

into crops like wheat, maize, and pearl millet. 

The likelihood of success through this 

approach is high in the case of pearl millet and 

maize, due to the availability of related wild 

species for introgression of genes related to 

apomixis. 

1) Mutation Breeding: The induced 

mutation studies greatly aided in 

deciphering the genetic architecture of 

apomixis in plant species. The 

recombination and pairing between 

homologous chromosomes induce the 

events such as double standard breaks 

(DSBs) in DNA that distinguish reduction 

division from homotypic division. 

(d’Erfurth et al.,2009). This event is 

regulated by the gens SPO11-1, SPO11-2, 
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(PAIR1),  PUTATIVE 

RECOMBINATION INITIATION 

DEFECT1 (PRD1), PUTATIVE 

RECOMBINATION INITIATION 

DEFECT2 (PRD2), MEIOTIC 

TOPOISOMERASE   VIB-LIKE 

(MTOPVIB), DSB FORMATION (DFO), 

CENTRAL REGION COMPONENT 1 

(CRC1) and P31comet which is 

confirmed by the mutation studies i.e., the 

induced mutations in the above genes had 

interrupted this event (Tang et al.,2017). 

Secondly, the first cell division leads to the 

monopolar orientation of kinetochores of 

sister chromatids (Tang et al.,2017), 

which is regulated by a meiotic cohesion 

complex controlled by a major component 

REC8 (Shao et al.,2011). Next, genome 

duplication in the event of cell division 

takes twice. At this stage, the genes 

OMISSION OF SECOND DIVISION 

(OSD1) and TARDY ASYNCHRONOUS 

MEIOSIS (TAM) control entry into the 

second division of meiosis. The mutation 

in the above two genes prompted the 

development of male and female gametes 

which are diploid in condition (d'Erfurth et 

al.,2010). 

MiMe Strategy: This is a strategy that is 

based on the mutations induced for the 

artificial development of apomixis. The 

development of triple mutants for the 

genes (osd1, rec8, and spo11-1) and (tam, 

rec8, and spo11-1) resulted in the 

development of apomeiosis phenotypes, in 

which meiosis switched into mitosis-like 

division. These genotypes are called 

MiMe which means “mitosis instead of 

meiosis” (d’Erfurth.,2009). The results 

obtained using this particular strategy are 

fruit full in rice, which made it a viable 

approach in flowering plants (Mieulet et 

al., 2016). 

2) Genetic Transformation: Even though 

genetic transformation had huge potential, 

the less availability of information related 

to apomixis is restricting its usage (Fiaz et 

al, 2020). 

Development of Apomixis Using Genome 

Editing (Crispr-Cas): Genome editing using 

crispr-cas had been identified as a novel 

approach for generating apomicts. In the case 

of rice, clonal offspring through seeds are 

successfully produced using crispr-cas. The 

mutations in four different genes (OsSPO11-1, 

OsREC8, OsOSD1, and OsMATL), that were 

generated using CRISPR/CAS9 technology, 

drove the meiosis in switching over to mitosis 

and resulting in clonal gametes. Due to the 

propensity of quadruple mutants in generating 

apomictic offspring, it is termed AOP 

(Apomictic Offspring Producer) (Xie et al., 

2019). 

Screening Methods for Apomicts: Once after 

the development of apomictic plants by using 

any of the above three approaches, there is a 

need for confirmation. Due to a lack of ready 

availability of techniques for differentiating 

apomicts from non-apomicts, the 

understanding regarding their development 

had been slowed down. But with the 

advancement of technology and science, the 

methods like analysis of callose deposition by 

isolation of embryo sac are made available. 

This is a destructive technique used to identify 

callose deposition by staining the meiocytes 

with sucrose-aniline blue and then cleaning 

them with methyl benzoate-dibutyl phthalate 

solution (Crane and Carman 1987; Peel 1993) 

and then the ovules were observed under an 

epifluorescence microscope. Fluorescence was 

observed only from normal meiocytes 

indicating the presence of callose which was 

absent in the Diplo-sporous type of mega- 

sporocytes. But this approach is time- 

consuming, stage-dependent i.e., selection 

cannot be attempted before flowering and 

difficult to screen a large number of genotypes 

which enhanced the need for other screening 

approaches. For the time being, molecular 

markers linked to apomixis are made which 

has made screening for apomicts easier 

available (Leblanc and Mazzucato, 2014). 
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The Impact of Apomixis on the Seed 

Industry: 

There is a misconception that apomixis which 

is a boon for farmers will be a bane for the seed 

industry. This is because once the clonal 

propagation of hybrids is possible farmers will 

be using seeds indefinitely. It is thought that 

this results in the reduction of hybrid seed 

sales. Even though farmers can use the seeds 

for a higher number of generations, there will 

change be a change in genetic purity and a 

reduction of vigour. This necessitates the fresh 

production of hybrids which will sustain the 

need of the seed industry. 

Advantages of Apomixis: 
 

1) Reduced the burden on farmers by 

avoiding repeated buying of hybrid seeds 

which is the major part of the cost of 

cultivation. 

2) Avoiding the cumbersome process of 

hybrid seed production. 

CONCLUSION AND FUTURE PROSPECTS OF 

APOMIXIS: 

There is a need to decode the genetic basis of 

apomixis which remained a challenge to be 

solved for plant breeders. In the process of 

enhancing yields, hybrids are developed, but 

segregation restricted their use to only one 

generation. The high cost of hybrids had 

become an unbearable burden for farmers 

which has to be unloaded. In the process of 

apomicts development in various crops 

approaches like Crossing with wild apomictic 

relatives, mutation Breeding, and genetic 

Transformation have been practiced. The 

advancement of science and availability of 

molecular breeding technologies like 

comparative mapping, linkage disequilibrium 

mapping, deletion mapping, and new high- 

throughput sequencing methods and genome 

editing technologies like crispr-cas can help 

in the identification of genome regions 

associated with apomixis. The development of 

hybrid seeds by clonal propagation may be 

limited at present, but further exploration of 

genetic aspects related to the apomixis will 

make it possible which will be a boon to 

farmers. 
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