
Plant Breeding

Semester III

SEC I: Agricultural Botany

Unit 3a: Plant Breeding 



SELECTION IN SELF-POLLINATING 
CROPS

Two methods of selection are generally practiced in self-pollinating 
species of crop plants:

• Mass Selection

• Pure Line Selection



MASS SELECTION

• This is the method of improving a crop strain through the selection of a 
large number of superior plants by visual assessment, pooling of their 
seeds and developing a new variety from it. Selection is done for easily 
observable characters like plant height, nature of the panicle, grain or 
seed size, resistance etc.

• The population raised from the selected plants will be more uniform and 
superior when compared to the original population. However, the 
population will show considerable variations especially for quantitative 
characters. The variations thus produced are sometimes subjected to 
progeny test.

• Progeny test is the technique of assessing the performance of a crop 
population by analyzing the performance of its progeny.



PROCEDURE OF MASS SELECTION
The procedure of mass selection extends to 7-8 crop seasons in case of 
annual crops. The procedure involves identification of superior plants from a 
population and bulking their seeds, preliminary yield trials, multi-location 
trials, seed multiplication and distribution.

1. Identification of superior plants and collections of seeds

 This is done in the first year of the experiment. A large number of 
phenotypically similar superior plants are selected and their seeds are 
bulked.

2. Preliminary Yield Trials

 This is usually done in the second year or second crop season. The bulked 
seeds are grown in a preliminary yield trial. The variety from which selection 
is made should also be included as a check in order to determine 
improvement in characteristics.

3. Multi-location trials

 This is usually done from the third year onwards

4. Seed Multiplication and Release

 After multi-location trials, the seeds are subjected to the procedure of 
variety release and then multiplied and distributed to farmers.



MERITS AND DEMERITS OF MASS 
SELECTION

• Varieties developed through mass selection are more widely adapted 
than pure lines since they are developed from a large number of plants 
selected for their superior characteristics. The procedure of mass 
selection is simple and less sophisticated. Mass selection retains 
considerable degree of genetic variability.

• But, the varieties developed trough mass selection are non-uniform in 
comparison to pure lines. The degree of improvement is only limited. 
Without progeny test, it is not possible to assess the genetic stability of 
the variety.



PURE LINE SELECTION

Pure line selection involves the development of a new variety from a 
simple homozygous self-pollinated plant. As a result, all the individuals 
within a pure line have the same genotype and variations, if any, are due 
to the environmental influences. In pure line selection, a large number of 
superior plants are selected from a self-pollinated crop, harvested 
individually, individual progenies are raised and evaluated and the best 
progeny is released as a variety. This technique is also called individual 
plant selection.



PROCEDURE OF PURE LINE SELECTION
The procedure of pure line selection involves individual selection of superior 
plants and collection of their seeds separately, growing individual plant 
progenies and rejection of undesirable progenies, preliminary yield trial and 
rejection of undesirable progenies, multi-location trials and release of the most 
adaptable and superior progeny as a new variety.

1. Selection of Superior plants and collection of seeds

 A large number of superior plants are selected in the first year based on visual 
assessment for characteristics and their seeds are collected separately. 
Selection is made on the basis of easily observable characters.

2. Growing Progeny Lines of the Selected plants

 Progeny lines of individual plants are grown in the second year and inferior 
progeny lines are rejected. Seeds of each lined are collected separately

3. Preliminary Yield Trial

 Preliminary yield trial of the remaining progenies is carried out in the third 
year and inferior progenies are rejected. Seeds of each line are collected 
separately.



PROCEDURE OF PURE LINE SELECTION

4. Replicated Yield Trials (Multi-location Trials)

 Replicated yield trials are carried out at several locations and inferior progeny 
lines are rejected. The lines are screened for resistance and quality traits. This is 
done from fourth to seventh years.

5. Variety Release and Seed Multiplication

 This is done in the eighth year. The best progeny selected from the above is 
released as a new variety. The seeds are multiplied for distribution.



CHARACTERISTICS OF PURE LINES

All the plants within a pure line have same genotype, as the parent 
plants are homozygous and self-fertilizing. Variations, if any, within a 
pure line are environmental and usually non-heritable. Selection within a 
pure line is not effective. However, in the course of time, variations 
produced by mechanical mixtures, mutations and natural hybridization 
get incorporated into the populations and further cycles of mass 
selection and pure line selection may become necessary to improve the 
variety.



MERITS & LIMITATIONS OF PURE LINE 
SELECTION

• Pure line selection brings about the maximum possible improvement 
over the original variety. Pure line selections are extremely uniform in 
their behavior. Uniform flowering, maturity etc are the characteristic 
adaptations of pure lines. Due to their extreme uniformity, such 
variations can easily be identified in seed certification programs.

• However, pure line varieties show very narrow range of adaptations to 
environmental fluctuations. Pure line breeding is a tedious technique 
and the varieties developed in this way, even though uniform, are short-
lived.



Inbreeding

• Inbreeding =  mating of related individuals

• Often results in a change in the mean of a trait

• Inbreeding is intentionally practiced to:

– create genetic uniformity of laboratory stocks 

– produce stocks for crossing (animal and plant breeding)

• Inbreeding is unintentionally generated:

– by keeping small populations (such as is found at zoos)

– during selection







Processes affecting macroevolutionary diversification of outcrossers (top panel) and selfers 
(bottom panel), and factors that may enhance rates of transition. (a) Transitions from 
outcrossing to selfing are thought to be common, while the reverse is rare. (b) Selfing may often 
evolve as a speciation process, where the ancestral outcrossing lineage persists. (c) Speciation 
rates within outcrossers can be enhanced by higher rates of sexual and genomic conflicts, 
whereas selfers may experience accelerated rates of speciation owing to greater mating 
isolation and more rapid post-zygotic isolation owing to underdominant alleles. (d) Extinction 
rates in outcrossers can be enhanced by the lack of available mates, whereas extinction rates in
selfers may be increased by reduced adaptive potential and by the accumulation of deleterious 
mutations.



Inbreeding depression in Delphinium nelsonii. A. Overall fitness of 
progeny cohorts and the B. progeny lifespan were all lower when 
progeny were the result of crosses with pollen taken close to a 
receptor plant.

https://en.wikipedia.org/wiki/Delphinium_nelsonii
https://en.wikipedia.org/wiki/Delphinium_nelsonii
https://en.wikipedia.org/wiki/Offspring
https://en.wikipedia.org/wiki/Life_expectancy


















Allele IBD

Random mating

A1A2

Allele IBD
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p pq q

freq(A1) = p,   
freq(A2) = q

NON-RANDOM MATING

▪ Inbreeding: mating between close relatives leads to deviations 

from H-W equilibrium by causing a deficit of heterozygotes. 



▪ In the extreme case of self-fertilization:

Generation  AA  Aa  aa

     0   p2  2pq  q2

      1   p2 + (pq/2) pq  q2 + (pq/2)

      2   p2 + (3pq/4) pq/2  q2 + (3pq/4)



HOW CAN WE QUANTIFY THE AMOUNT OF 

INBREEDING IN A POPULATION?

▪The inbreeding coefficient, 

     F

▪The probability that a randomly chosen individual 

caries two copies of an allele that are identical by 

descent from a recent ancestor.

▪The probability that an individual is autozygous



▪Consider two pedigrees:

A1
*A2 A1A2 A1A2

A1
*A2 A1

*A2

A1
*A1

*

A1
*A2

A1
*A1

A1
*A1

*
IBD

AVERAGE F FROM EACH MATING IS 0.25

Full-sib mating Backcross

IBD



LOSS OF HETEROZYGOSITY IN  LINE OF SELFERS

▪ Population Size (N) = 1

 Heterozygosity after one generation, H1 = (1/2) x H0

 Heterozygosity after two generations, H2 = (1/2)2 x H0

 After t generations of selfing, Ht = (1/2)t x H0

▪ Example: After t = 10 generations of selfing, only 0.098% 

of the loci that were heterozygous in the original 

individual will still be so.  The inbred line is then 

essentially completely homozygous.



DECLINE IN HETEROZYGOSITY DUE TO INBREEDING



HETEROZYGOSITY IN A POPULATION THAT IS PARTIALLY INBRED

▪ In an inbred population the frequencies of homozygous 

individuals are higher than expected under HWE. Thus, 

the observed heterozygosity will be lower that expected 

under HWE.

Hobs = 2pq(1-F) = Hexp(1-F).

▪ F ranges from 0 (no inbreeding) to 1 (completely inbred 

population)



Inbreeding coefficient

The inbreeding coefficient of an individual is the average probability 
that two genes at any given locus are identical by descent. 
The average inbreeding coefficient of all individuals in a population 
expresses the amount of drift in allelic frequencies from a defined 
base population. (Falconer 2009)
If inbreeding is the only source of disequilibrium, the inbreeding 
coefficient (F) in a population for a given locus can be estimated 
from the deviation between the expected (He) and observed 
number (Ho) of heterozygotes. (Groen 1995)

F CALCULATED FROM HETEROZYGOTE DEFICIT

F = (Hexp – Hobs) / H exp

Where,

Hexp = frequency of heterozygotes if all matings were random



Mean Kinship

Mean kinship is calculated by the kinship (relatedness) of that 
individual with the entire current population (including itself). 
Therefore mean kinships per individual are relative to the current 
population. This means that mean kinship of a specific individual 
might change over time when a population changes. For example 
mean kinship will increase each time an individual produces progeny.

Relationship between Kinship (φ) and inbreeding coefficient (F)

φ =
1

2
(1 + 𝐹)



Changes in the mean under inbreeding

F = 0 - 2Fpqd

Using the genotypic frequencies under inbreeding, the population 
mean F under a level of inbreeding F is related to the mean 0 
under random mating by:

Genotypes A1A1  A1A2  A2A2

freq(A1) = p,   freq(A2) = q

Where d is a change of mean value due to dominance (d ≠ 0)
For a single locus, 
 if  d > 0, inbreeding will decrease the mean value of the  trait.  

If  d < 0, inbreeding will increase the mean
For multiple loci, 
 Inbreeding depression requires directional dominance .
 The magnitude of the change of mean on inbreeding depends 

on gene frequency, and is greatest when  p = q = 0.5 



Why do traits associated with fitness show 
inbreeding depression?

• Two competing hypotheses:

–  Overdominance Hypothesis: Genetic variance for fitness is caused by 

loci at which heterozygotes are more fit than both homozygotes. 
Inbreeding  decreases the frequency of heterozygotes, increases the 
frequency of homozygotes, so fitness is reduced.

–  Dominance  Hypothesis:  Genetic variance for fitness is caused by rare 

deleterious alleles that are recessive or partly recessive; such alleles 
persist in populations because of recurrent mutation.  Most copies of 
deleterious alleles in the base population are in heterozygotes.  
Inbreeding increases the frequency of homozygotes for deleterious 
alleles, so fitness is reduced. 





Protein complexes, including trans-acting transcription factors, can yield apparent 
overdominance. Genes A and B each encode a component of such a complex. Each parent has a 
mutation and lacks one component, whereas their F1 progeny receive functional alleles for both 
components and therefore have a functional complex (and higher fitness).



Single-locus overdominance when optimal expression is between that of the two parents74. 
This might happen if one parent (inbred 1) overexpresses the gene owing to the lack of an 
expression-decreasing cis-regulatory element (cis-element 2; orange oval) and the other parent 
(inbred 2) has an allele that causes suboptimal expression owing to the lack of an expression-
increasing cis-regulatory element (cis-element 1; blue oval). In the F1 hybrid, the two mutations 
complement one another, to give a form of pseudo-overdominance. 

















Inbreeding Depression and Fitness traits

Inbred Outbred













Minimizing the Rate of Inbreeding

• Avoid mating of relatives
• Maximum effective population size Ne

• Ne maximized with equal representation 
– Contribution (number of sibs) from each parent as equal as 

possible 
– Sex ratio as close to 1:1 as possible

– When sex ratio skewed (r dams/sires ), every male should 
contribute (exactly) one son and r daughters, while every 
female should leave one daughter and also with probability 
1/r contribute a son



Are genetic drift and inbreeding the same thing?

➢ Genetic drift and inbreeding are associated with changes in allele frequencies and 
heterozygosity, and are particularly important in small populations.

➢ The problem is that at small population sizes, the combined effect of genetic drift 
and inbreeding leads to increased homozygosity and fixation of alleles, including 
deleterious alleles. Sometimes these processes are described as independent 
forces operating at the same level, while elsewhere inbreeding tends to be 
addressed as a result of genetic drift.

➢ there is not just one way of defining Ne and in association with genetic drift and 
inbreeding described variance (NeV) and inbreeding (NeI) effective sizes, 
respectively (Crow 1954).

Variance effective size (Crow 2010) Inbreeding effective size (Crow 2010)

…unless the population size remains constant, and then they can be both reduced to:
Both formulas are the same at constant population size (Wright 1939, Crow 2010)

https://i1.wp.com/www.molecularecologist.com/wp-content/uploads/2016/03/M2.gif
https://i0.wp.com/www.molecularecologist.com/wp-content/uploads/2016/03/M1.gif
https://i0.wp.com/www.molecularecologist.com/wp-content/uploads/2016/03/M3.gif




















Line Crosses:  Heterosis

H F 1 = š F 1 °
š P 1 + š P 2

2

When inbred lines are crossed, the progeny show an increase in mean
for characters that previously suffered a reduction from inbreeding.

This increase in the mean over the average value of the
parents is called   hybrid vigor or heterosis

A cross is said to show heterosis if H > 0, so that the 
F1 mean is average than the average of both parents.



Expected levels of heterosis

If pi denotes the frequency of Qi in line 1, let pi + i denote
the frequency of Qi in line 2.

H F 1 =

nX

i= 1

(±pi )
2 di

The expected amount of heterosis becomes

•  Heterosis depends on dominance:  i = 0  = no inbreeding depression and no.

heterosis as with inbreeding depression, directional dominance is required for heterosis.

• H is proportional to the square of the difference in gene frequency 
Between populations.  H is greatest when alleles are fixed in one population and

lost in the other (so that | i| = 1).  H = 0  if   = 0.

• H is specific to each particular cross. H  must be determined empirically,

since we do not know the relevant loci nor their gene frequencies. 

i∑



Genetical Basis of Heterosis

A. Dominance hypothesis of heterosis.
B. Over dominance hypothesis of heterosis.
C. Epistasis hypothesis for heterosis
D. Hemizygous complementation
E. Epigenetics as a cause of heterosis
F. Organellar heterosis 



















































Examples



Types of heterosis

A. On the basis of origin and nature have 2 types:
 1. Euheterosis or true heterosis
  a) Mutational heterosis
  b)Balanced heterosis

 2. Pseudoheterosis

B. On the basis of types of estimation :
 1: Average or Relative heterosis
 2: Heterobeltiosis
 3: Useful or standard or Economic heterosis

















Agricultural importance of heterosis

Crop % planted 
as hybrids

% yield 
advantage

Annual 
added 

yield:  %

Annual 
added 

yield: tons

Annual land 
savings

Maize 65 15 10 55 x 106 13 x 106 ha

Sorghum 48 40 19 13 x 106 9 x 106 ha

Sunflower 60 50 30 7 x 106 6 x 106 ha

Rice 12 30 4 15 x 106 6 x 106 ha

Crosses often show   high-parent heterosis, wherein the 
F1 not only beats the average of the two parents 
(mid-parent  heterosis), it exceeds the best parent.
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  φ =  1 2 ( 1 + F )

