What is Plant Breeding and what do Plant breeders do? 

Plant Breeding has been defined as: the art and the science of improving the heredity of plants for the benefit of mankind.

Early man practiced unsophisticated plant breeding by keeping the seed from the best plants to plant the following season's crop. These early "plant breeders" relied on the art of plant breeding i.e. their observational skills and judgement to improve plant species. However, with time the science of plant breeding developed more as knowledge in classical genetics and the plant sciences progressed. The major turning point was the recognition of the gene as the unit of heredity, the development of procedures for manipulating gene inheritance and rules that predicted the results of gene manipulation. The modern plant breeder is an accomplished biologist with a broad understanding of: Quantitative, Population and Molecular Genetics; Plant Physiology and Biochemistry; Plant Pathology and Entomology; Statistics and Computer Science; and
Botany and Agronomy. 

Modern plant breeders firstly identify traits in plant species that make them suitable for utilization by man, then search out new genes for the desired traits before combining the genes for desired traits in new cultivars (or strains) using traditional breeding techniques or biotechnology, then finally assess the performance of the new cultivars before releasing them as registered cultivars to be grown widely by farmers and enjoyed by consumers!

Plant breeding is the art and the science to manipulate heritability in the plant for human benefit.
The art of plant breeding is seated in the ability of the breeder to identify differences in traits of economic importance among plants, and to improve these traits with available scientific knowledge.
Plant breeding is essentially the study of:
· Breeding systems involved in self- and cross fertilising plants, vegetatively propagated plants and hybrids 

· Quantitative genetics 

· Advanced breeding methods such as recombinant DNA technology, double haploid breeding and mutation breeding 

· Marker-assisted breeding using both protein- and molecular markers 

The mission of the department is to promote the genetic improvement of plant nationally and internationally through training, research and professional community service.
Plant breeding is . . . 

the art and science of the genetic improvement of crops
the current phase of crop evolution 

Selection is primarily artificial. 

Objectives are defined based on scientific knowledge. 

The strategy of plant breeding

· Recognize the traits that are important 

· Design ways to evaluate breeding material for those traits 

· Find sources of genes 

· Combine these genes into improved strains 

· Compare new strains to present cultivars 

· Release & distribute improved cultivars 

Decisions in plant breeding

· Objectives 

· Parents (germplasm) 

· Crossing & passage through generations (depends on mating systems & propagation methods) 

· Selection 

· Release/discard 

Objectives in plant breeding

In setting objectives, the plant breeder needs to consider: 

· future markets 

· future environments 

· G x E interactions - - a widely adapted variety for a whole region OR separate varieties for different sub-regions? 

· ideotypes - what characteristics should the variety have? 

Breeders need to be flexible (prepared to change objectives). 

Breeders should integrate information from diverse sources, then make their own judgements on objectives. 



The 2 main objectives in plant breeding are: 
· increasing yield 

· improving quality 

Objectives in plant breeding: Improving YIELD 

Components of yield 

Biomass 

How can we increase the total amount of plant material produced? 

· by improving seasonal adaptation 

· by improving tolerance to abiotic stresses 

· by improving resistance to diseases & pests 

Partition 

How can we increase the yield of the desired product at the expense of unwanted plant parts? 

· vegetative-reproductive compensation 

· dwarf fruit trees 

· semi-dwarf cereals 

· determinate soybeans 

· 'leafless' peas 

· reproductive-vegetative compensation 

· reduced flowering & seed set in cassava, potato, sugarcane, sugarbeet 

· vegetative-vegetative compensation 

· potato tuber versus top growth 

Objectives in plant breeding: Improving QUALITY 



(Note: The condition of a product after production, handling & storage may or may not reflect the inherent quality of the variety that was grown.) 



Quality characters 

· Organoleptic - taste, smell colour texture 

· Chemical - precise industrial criteria 

· Mechanical - eg. fibre quality 

· Biological - eg. feeding value 

What kinds of quality characters are important for: 

· fruits & vegetables? 

· oilseeds? 

· fibre crops? 

· forage crops? 

· bread wheat? 



Quality assessment in plant breeding 

Plant breeders usually have many small samples & must make selection decisions quickly, so quality assessment methods need to be: 

· inexpensive 

· rapid 

· economical of plant material 

For advanced breeding material (potential varieties) quality is assessed more precisely on a larger scale. 



Check samples & standard samples

In testing quality, samples of breeding material may be compared to samples of checks from the same trial, and also to laboratory standard samples with well-known quality characteristics. 

Most specific breeding objectives are related to either yield or quality, except for a few miscellaneous objectives. . . : 

· uniformity 

Objectives in plant breeding: Uniformity



Why select for more uniformity? 

· market demands 

· agronomic reasons (eg. mechanical harvest) 

· aesthetic reasons 

· legal reasons (distinguishing varieties) 

Note: Selection for high yield or good quality may result in uniformity - because we narrow the variation to include only the high-yielding genotypes or those with acceptable quality. 

· propagation features 

Objectives in plant breeding: Plant propagation features



Examples

· In clonally propagated tree crops, there are separate breeding programs for rootstocks. 

· Development of "monogerm" (1 seed/fruit) sugar beets. 

· herbicide tolerance 

· thornlessness 

Sources of parental germplasm

· commercial cultivars 

· elite breeding material 

· breeding material with specific characters 

· plant introductions 

· related species 



In choosing parents with specific characteristics, plant breeders consider 

· the importance of the characteristics to their objectives 

· the inheritance of the characteristics 

Plant breeders often choose parents that complement each other, to combine different characteristics from the different parents. 

For short-term objectives, plant breeders often use locally adapted elite or commercial parents (a narrow genetic base) to retain high performance and adaptation.

For longer-term objectives, plant breeders may use more exotic germplasm. 

Sciences that contribute to plant breeding

· botany 

· genetics 

· plant physiology 

· plant pathology 

· entomology 

· plant biochemistry 

· statistics 

· computer science 

(as listed by Poehlman & Sleper, 1995) 

Crop Domestication & Crop Evolution

Crop domestication 
The process of transition from a wild species to a cultivated crop. 

Crop evolution 
After domestication, the crop continues to change. 

A crop is considered to be domesticated when it has been substantially altered from the wild state. 

Crop domestication involves genetic change 

Some domesticated crops can not survive in the wild. 

Aspects of crop domestication & evoloution discussed by Simmonds (1979): 

WHEN were crops domesticated? 

How can we know? 

· historical data 

· archeological data 

but these are 

· often incomplete 

· somewhat biased 

Periods of crop domestication 

· Ancient (7000 - 5000 BC) 

Examples of crops domesticated in the ancient period (7000 - 5000 BC) 

Barley; wheat; bean flax yam lentil peas peppers 

· Early (5000BC - 0) 

Examples of crops domesticated in the early period (5000 BC - 0) 

alfalfa amaranth avocado apple banana Brassica campestris cherry clove cotton 

cowpea faba bean garlic grape leek lettuce mango oat olive onion peanut pear plum 

potato quinoa radish rye sesame safflower sorghum soybean sugarcane tea watermelon 

· Late (0-1750 AD) 

Examples of crops domesticated in the late period (0 - 1750 AD) 

Brassica napus buckwheat chives currant hops pineapple raspberry 

· Recent (1750 AD - present) 

Examples of crops domesticated in the recent period (1750 AD - present) 

clovers forage grasses jute oil palm rubber pyrethrum sugar beet strawberry 

· Future 

????

Vavilov

(Russian botanist, early 20th century)

From plant collections, 

· determined where each crop was most diverse 

· 12 centres of diversity in the world 

· concluded these were centres of origin 
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Chinese 

lettuce, rhubarb, soybean, turnip 

Indian 

cucumber, mango, oriental cotton, rice 

Indo-Malayan 

banana, coconut, rice 

Central Asiatic 

almond, canteloupe, flax, lentil 

Near-Eastern 

alfalfa, apple, cabbage, rye 

Mediterranean 

celery, chickpea, durum wheat, peppermint 

Ethiopian (formerly Abyssinian) 

castor, coffe, grain sorghum, pearl millet 

South Mexican & Central American 

lima bean, maize, papaya, upland cotton 

South American (Peruvian-Ecuadorian-Bolivian) 

Egyptian cotton, potato, pumpkin, tomato 

Chiloe 

potato 

Brazilian-Paraguayan 

manioc, peanut, pineapple, rubber tree 

Today, we recognize that centres of diversity exist, but we realize these may not be the centre of origin of the species nor the centre of domestication of the crop. 

J. R. Harlan (1975)'s centres & non-centres of origin

Because some crops may have been domesticated over broad areas rather than well-defined centres. 



Centres of origin

Near East 

oat, cabbage, smooth bromegrass, flax, cherry 

China 

rice, cucumber, soybean, rapeseed, peach 

Mesoamerica 

maize, squash, upland cotton, sunflower, pineapple 



Non-centres of origin

Africa 

sorghum, okra, sudangrass, oil palm, watermelon 

Southeast Asia & Pacific islands 

jackbean, eggplant, coconut, sugarcane, banana 

South America 

peanut, tobacco, lima bean, pepper 

WHO domesticated crops?



Ancient, Early & Late Periods

· mostly peasant farmers 

Planting, growing and harvesting the crop led to natural selection of types adapted to cultivation.

Farmers consciously selected preferred planting materials. 



Recent period

· Domestication: botanists & other plant scientists 

· Evolution: plant breeders & geneticists 

WHAT plants have been domesticated?



About 230 domesticated crops, representing 

· 180 genera ...of 3000 angiosperm genera - ie. relatively few 

· 64 families ...of 300 - ie. a broad range, reflecting: 

· diversity of ecological situations 

· diversity of human needs 

Some families have provided many crops: 

· Gramineae 

· Leguminosae 

· Cruciferae 

· Solanaceae 

but most have provided only a few. 

Different cultures have domesticated taxonomically distinct groups for similar purposes. Eg. tuber crops (potato, sweet potato, yams, cassava, aroids) are all from different families. 

HOW do crops evolve?



Crop evolution involves: 

· same mechanisms as natural selection 

· both human & natural selection 



Selection 

differential reproduction 

(some individuals contribute more offspring than others to the next generation) 



Natural selection occurs when a crop population is genetic heterogeneous. 

Kinds of changes 

· loss of dehiscence 

· loss of dormancy 

· changes in requirements for vernalization & dormancy 

· some increases in disease resistance 



Artificial selection results from conscious decisions by humans to keep the progeny of certain parents. 

Kinds of changes 

· loss of defensive structures (hairs, spines, thorns) 

· improved palatability 

· reduced toxicity 

· unusual colours & patterns 

· taller, less branched plants 

A review of genetics

To students in Principles of Crop Improvement

Here are some of the key genetic principles that plant breeders need to understand. 

They should be familiar to you from your genetics course(s). 

If any of them are unfamiliar to you, please read up on your genetics NOW! 

If you still don't understand them, send me an email. 

1. The raw material for genetics is variation among individuals. 

2. Genetics is the study of genes through their variation. 

3. Each cell of an organism contains at least 1 set of basic genetic information of that organism. That set is called a genome. 

4. Each gene has a characteristic place (locus) on a chromosome in the genome. 

5. In a diploid organism, there is 1 chromosome set derived from 1 parent and 1 chromosome set derived from the other parent. Therefore the chromsomes are in homologous pairs, and each locus may bear identical alleles (homozygous) or different alleles (heterozygous). 

6. In crosses between discontinuous variants, genes can be identified by observing Mendelian ratios of phenotypes. 

7. The phenotype of the heterozygote defines the dominance relationships of genes. 

8. Mitosis partitions the chromosomes equally into daughter cells during somatic cell division. Meiosis halves the number of chromsoomes during production of sex cells. 

9. In meiosis, the members of a gene pair segregate equally into the meiotic products. This principle is sometimes known as Mendel's first law. 

10. At meiosis, the segregation of one gene pair is independant of the segregation of gene pairs on other chromosome pairs. This principle is sometimes known as Mendel's second law. 

11. Mendel's laws, in conjunction with random fertilization, generate standard genotypic and phenotypic ratios in the progeny. 

12. A chromosome is essentially one long double-stranded molecule of DNA, and the genes are regions on this molecule. 

13. A gene is a stretch of DNA that comprises a transcriptional unit. It consists of a sequence that is transcribed to a functional RNA product and regulatory sequences that enable transcription to occur. 

14. DNA is a double helix consisting of 2 complementary strands of opposite polarity. 

15. Genes exert their effects on phenotypes by expressing products that are either proteins or non-translated RNA. 

16. Genes at different loci can interact with one another in exerting their effects on the phenotype. This interaction is called epistasis. 

17. Gene interaction is revealed at the genetic level by observing modified Mendelian ratios in standard crosses. 

18. The same gene can affect more than one phenotypic character. This is called pleiotropy. 

19. Genes can change from one allelic form to another (gene mutation) and chromsome sets can change from one form to another (chromosome mutation). 

20. Polyploids can originate as autopolyploids or allopolyploids. 

21. Mitochondria and chloroplasts have their own unique circular DNA "chromosomes" distinct from nuclear DNA. This cytoplasmic DNA is usually inherited uniparentally. 

QUALITATIVE VARIATION 
· discontinuous variation 

· classify & count plants 

· determine phenotypic ratios 

Eg. Mendel's pea plants: 

· tall or short 

· wrinkled or smooth 

· yellow or green 

· etc 



QUANTITATIVE VARIATION 

· continuous variation 

· measure the phenotype 

· calculate means & variances 

Tools of the plant breeder 

· Variations in chromosome number 

Chromosome numbers

Basic chromosome number (x) 

= number of chromosomes in a genome. 

Haploid chromosome number (n) 

= number of chromosomes in a gamete 

In a diploid plant species 

· x = n 

· each somatic cell has 2n = 2x chromsomes 

· each gamete has n = x chromosomes 



Plants may be: 

· haploid, diploid or polyploid 

· euploid or aneuploid 

· Mutation 

Mutation 
a sudden heritable change 

Chromosome mutation 
a loss, duplication or rearrangement of chromosome segments 

Genic mutation 

a change within an individual gene 

Point mutation 

a change in one base 

Recessive mutation 

a change from a dominant allele to a recessive allele 

Dominant mutation 

a change from a recessive allele to a dominant allele 

(rarer than recessive mutations) 

Micromutation 

a mutation with a small effect on the phenotype 

Macromutation 

a mutation with a large effect on the phenotype 



Mutations may occur spontaneously or they may be induced by mutagenic agents (mutagens). 

Use of induced mutations in plant breeding. 

· Plant hybridization 

Basic steps in controlled crossing

· prevention of self-pollination: emasculation & alternatives 

· exclusion of foreign pollen 

· pollen collection 

· pollination 

References: Fehr & Hadley (1980) give instructions on how to make crosses for many field crops. Deppe (1993) gives instructions for some vegetable crops. 



Success or failure? How does a breeder tell if a controlled cross was successful? 



Is the direction of crossing important? 



Can different species of plants be crossed with each other? 

· Fertility-regulating mechanisms 

Fertility-regulating mechanisms in plants

Self incompatibility 

(when plants with functional male & female gametes are unable to produce a zygote after self-pollination) 

and 

Male sterility 

(when pollen is absent or nonfunctional) 

are 2 important fertility-regulating mechanisms that affect the work of plant breeders. 

· Biotechnology: tissue culture & molecular genetics 

· Field-plot techniques & statistics 

Field plot techniques & statistics in plant breeding



Breeders conduct field trials to evaluate potential cultivars for: 

· yield 

· maturity 

· lodging resistance 

· resistance to environmental stress, diseases, & insects 

and to obtain samples for quality analysis. 

Established cultivars are included in these trials as checks, and the entries are compared to the checks.



Some problems/challenges in conducting field trials 

· large numbers of entries 

· variation within sites 

· genotype X environment interaction 



Plot size & shape 

Methods in plant breeding 

· Breeding self-pollinated crops 

Selection in self-pollinated plant species

See also: [Biology of self-pollinated plants] [Examples of self-pollinated crops] 



Natural populations of self-pollinated plant species are mixtures of homozygous lines (with some transient heterozygosity from mutations, intercrossing and outcrossing).

Early cultivars (landraces) of self-pollinated plant species were also mixtures of homozygous lines.



Procedures for selecting within mixtures of homozygous lines:

· single plant selection 

· mass selection 

Progress from selection within existing populations will be limited (see Johannsen's pure line experiment) . . . new genetic variation is needed. 

These methods have not played a very important role in plant breeding since about 1925. 

They are still considered useful for: 

· newly domesticated crops (in which existing varieties are still variable) 

· changing conditions (eg. new disease problems) that reveal hidden variation within varieties 

It is now considered unethical to select within a normally self-pollinated cultivar for the purpose of developing a new cultivar, unless you have the written permission of the breeder.



Possible sources of new genetic variation

· introduce new populations 

· mutation, somaclonal variation 

· transformation 

· hybridization (making crosses) = the most commonly used 



Variation after hybridization between 2 homozygous lines

F1 generation 

heterozygous at all loci where parents differ 

homogeneous - all F1 plants are genetically identical 

F2 generation 

genetic segregation begins - maximum genetic variation 

With each generation of selfing, heterozygosity is reduced by 50%. 

F5 or F6 generation 

progeny are almost completely homozygous 



Selection procedures after hybridization in a self-pollinated crop 

= different ways to handle the segregating generations
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· pedigree selection 

· bulk populations 

· single-seed descent 

· doubled haploidy 



Backcrossing


Multiline breeding 

Cultivars of self-pollinated crops are usually individual pure lines. 

Multiline cultivar 

= a cultivar that is a seed mixture of isolines or closely related lines 

Each line in the mixture would be phenotypically similar, but would carry different genes for one character (usually disease resistance). 

A disease should not be able to spread rapidly through multiline cultivar that consists of isolines with resistance genes against different races of the pathogen. 

The component lines of multilines are usually developed by backcrossing. 

Component lines are maintained and increased separately. The seed sold to farmers would be a mixture of lines.

Blends of unrelated varieties are also sometimes referred to as multilines.



Early-generation testing

Not all crosses have equal potential
.....but it is difficult to predict which ones are best from the parental characteristics. 

Within a cross, not all F2 families have equal potential
.....but it is difficult to predict which ones are best from the characteristics of individual F2 plants. 

One approach to selecting among crosses and among F2 families is to conduct early-generation yield trials comparing 

· early-generation bulks from different crosses 

· the progeny of different F2 plants from the same cross 

Based on the results, the breeder could discard inferior crosses and families. 



Recurrent selection in self-pollinated crops

Recurrent selection involves repeated cycles of intercrossing & selection. 

Recurrent selection was developed for cross-pollinated crops, in which it is usually possible to make many crosses, and to select among heterozygous plants. 

Recurrent selection has been used in self-pollinated crops, but it can be 

· laborious - because it may be difficult to make many crosses 

· slow - each cycle will take a long time if progeny are inbred before selection 

To overcome these limitations, recurrent selection schemes using male-sterile-facilitated crossing and doubled haploidy have been proposed.

· Breeding clonally propagated crops 

Breeding clonally propagated crops



See also:
Biology of clonally propagated crops
Examples of clonally propagated crops 



Assembling & maintaining source nurseries 

· clones obtained as vegetative propagules 

· clones maintained as living plants (usually in the field, sometimes in tissue culture) 

Sometimes, seeds are used to transfer or store germplasm. 



Selecting among existing clones 

· progress depends on available genetic variation 

· spontaneous & induced mutants may be useful 



Hybridization between clones 

Heterozygous parents . . . genetic variation within the F1 generation 

· obtain many F1 seeds for each cross combination 

· evaluate many F1 plants 

· select the best F1 plants & propagate them clonally for more evaluation 

F1 plants are not selfed to the F2 generation 

· selfing would reduce heterozygosity, vigour & fertility 

· selfing is not needed; the F1 genotype can be maintained clonally 



An example of breeding a clonally propagated crop - the development of 'Hampton' potato at Cornell University. 



Breeding methods for self-pollinated crops
Breeding methods for cross-pollinated crops 

· Breeding cross-pollinated crops 

Breeding methods for cross-pollinated crops



See also:
Biology of cross-pollinated plants
Examples of cross-pollinated crops 



In a cross-pollinated species, it is important to select plants or strains that will produced high-performing progeny in crosses - ie. that have good combining ability. 

Combining ability 

the performance of a genetic strain in crosses 

General combining ability 

the average performance of a genetic strain in a series of crosses 

Specific combining ability 

the performance of specific combinations of genetic strains in crosses, in relation to the average performance of all combinations 
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Cultivars of cross-pollinated crops may be: 

· heterogeneous open-pollinated populations 

· synthetics 

· hybrids 

· clones 

· Breeding hybrid cultivars 

Development of hybrid varieties



Hybridization 

= crossing 

Hybrid 

= F1 of a cross (intra- or interspecific) 

Hybrid variety or hybrid cultivar 

= a variety or cultivar in which the F1 generation is used to produce the commercial crop 

The parents of a hybrid variety may be: 

· inbred lines 

· clones 

· varieties 

· populations 



Why use hybrid varieties? Heterosis. 

Heterosis

What is heterosis? 

an increase in size or vigour of a hybrid relative to its parents 

mid-parent heterosis 

compare the performance of the hybrid to the average performance of its parents 

high-parent heterosis 

compare the performance of the hybrid to the performance of the better parent 

What causes heterosis? 

most widely accepted explanation = dominance theory
If dominant alleles generally contribute to vigour & recessive alleles tend to be neutral, harmful or deleterious, then crossing 2 inbred parents that carry different dominant alleles will lead to an F1 plant that is more vigourous than either parent.
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other factors: 

· overdominance 

· linkage 

· epistasis 

But if dominance explains heterosis, why not just develop inbred lines that carry all the favourable dominant alleles? (AABBCCDDEE) 



Hybrid seed production 

· Breeding for resistance to pathogens & pests

· Cultivar release & distribution

· Germplasm resources and conservation 

Germplasm resources & conservation 

Plant genetic resources that have been collected & conserved for use in plant breeding include: 

· cultivated species 

· commercial varieties 

· breeding lines 

· landraces 

· special genetic stocks 

· wild species 

· for direct use - currently used or potentially useful as crop species 

· for indirect use - in crosses, as rootstocks 

With conventional breeding techniques, our interest was limited to species we could cross with cultivated species. Now that tranformation techniques are available, what should we be conserving....? 

The use of wild species in plant breeding varies among programs. Harlan (1976) said the extent to which they are used depends on the answers to these questions: 

· How wild is the crop? (For some species, most of the available germplasm is wild.) 

· How desperate is the situation? 

· What are the pressures to turn out new cultivars? (Is there time to use wild relatives?) 

· How available are wild relatives? (Collections may be limited) 

· How difficult are wild relatives to use? 

· Is the breeder interested in using wild relatives? 

Ex situ conservation of germplasm (germplasm banks) 

Activities include: 

· collection 

· maintenance 

· rejuvenation & multiplication 

· evaluation 

· documentation 

· exchange 

· pre-breeding 

Drawbacks of ex situ conservation - genetic drift, selection pressure

Alternative to ex situ conservation - in situ conservation 

Sexual & asexual reproduction in plants



Sexual reproduction process in plants [image: image5.png]gamete
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In asexual reproduction, there is no gamete fusion. 



Vegetative propagation does not involve flower parts. [image: image6.png]gamete
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Vegetative propagation may involve: 

· roots 

· tubers 

· stolons 

· rhizomes 

· sprigs 

· stem or leaf cuttings 

· tissue culture 

Apomixis 

= asexual reproduction involving flowering parts 



In vivipary (or viviparous apomixis or vegetative apomixis), plantlets or bulbils form from floral primordia in place of flowers. No seeds are formed. [image: image7.png]gamete
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Agamospermy 

= seed formation without gamete fusion 



In adventitious embryony, the embryo develops directly from a nucellar cell. [image: image8.png]gamete
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An unreduced embryo sac can develop from a nucellar cell by apospory (without a spore), then an embryo develops by parthenogenesis. [image: image9.png]gamete
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An unreduced embryo sac can develop from the megaspore mother cell by diplospory (from a diploid spore) then an embryo develops by parthenogenesis. [image: image10.png]gamete
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Obligate apomict 

= a plant that can only reproduce by apomixis 

Facultative apomict 

= a plant that can reproduce apomictically and sexually 

To make crosses with an obligate apomict, a plant breeder must find a compatible sexual plant to use as the pollen source. 

With obligate apomixis, it is possible to combine the advantages of clonal propagation with seed propagation (eg. to propagate hybrids by seed). 

Facultative apomicts may not be stable enough to be used as cultivars. 


Examples of plants with apomixis: 

· Kentucky bluegrass 

· dallisgrass 

· buffelgrass 

· Bahia grass 

· Guinea grass 

· weeping lovegrass 

· sorghum (rarely) 

· mango 

· citrus 

· blackberry 

Apomixis is under genetic control. Researchers are seeking apomictic mutants in other crop species, and are trying to transfer genes for apomixis from wild relatives. 

Hanna & Bashaw (1987) discussed how apomixis can be identified & how it can be used in plant breeding.
What to look for: 

· uniformity in progeny that you would expect to be variable 

· maternal types in the progeny of crosses 

· recessive-marker phenotypes after pollination from a dominant-marker parent 

· high seed fertility in plants that you would expect to be sterile (eg. aneuploids) 

· stability of chromsome numbers from parent to progeny in aneuploids that you would expect to be unstable 

· multiple seedlings per seed 

