éQ

48
5o}

:

‘nva@ G

it

‘nva@ &

it

DO =
RO G
<‘§\‘

DO =
RO G
<‘§\‘

) O =
RO G
<‘§\‘

) O =
BEo G
<‘§\‘

3O, =
o
% &

He

3O, =
\‘@ d
[e)

e

T 2
Nevo G

DO

S0 St anSio o o o a0 aniieo aniBio and?
fe)

?éf‘@
%%L‘E%} G
2

Qns

o &

9,
Voo
e}

I

(s
TIEVO

O
@)

&,

Qnd
50

)

Selife?

ik
)

ans?

cat
IO
TIEVO

uje]
@)

Selife?

30C
(o1

&

[0
TIEVO

DO
@)

SoC
FReo G
(e}

C,
] Cg,“\@

DO

20T e
Tt G

C?”Tg‘w

C
] té‘w@

DO

Do e
St G

iy

120 anShoo andino S anfiro andio o anfio andis
[=}

J?é,‘w@ O

s)eld

\ <y

b vLDQ s

RNEo G
(e}

2o qnsis

TOC

J?@g‘wi) ez

R0 o
e &
i

@S

éli@
JO, 2
Flatale:

o c?%

VI

9,
pai) k)é{ré) Q;’W
e}

s

ot
o

st
i}g@
[oZEI%

GRI MAGAZINE

(International E-Magazine for Agricultural Articles)

Volume: 02, Issue: 07 (July, 2025)

Available online at http://www.agrimagazine.in
Eblish with Pride. & “Agri Magazine, ISSN: 3048-8656

Use of Different VVariance Components and Their

Application in Genetics
“Abhishek, Ramesh and Dore Uppar
University of Horticultural Sciences, Bagalkot, Karnataka, India
“Corresponding Author’s email: abhisheks72048@gmail.com

Understanding genetic variation is central to the study of heredity and evolution. In
guantitative genetics, the phenotype of an organism is influenced by both genetic and
environmental factors. To dissect these influences, geneticists use variance components—
statistical tools that partition the total phenotypic variance into its underlying causes. This
partitioning provides insights into the relative contributions of genes and environment to trait
expression, helping breeders, researchers, and evolutionary biologists make informed
decisions.

Basic Concept of Variance in Genetics
The total phenotypic variance (VP) in a population for a quantitative trait can be expressed
as:
VP =VG + VE + VGXE
Where:
- VP: Total phenotypic variance
- VG: Genetic variance
- VE: Environmental variance
- VGXE: Genotype x Environment interaction variance
These components help in evaluating how much of the observed trait variation is due to
genetic factors, environmental factors, or their interaction.

Genetic Variance Components
Genetic variance (VG) is further subdivided into:
1. Additive Genetic Variance (VA):
- Represents the cumulative effect of individual alleles.
- It is the most important component for selection in breeding programs.
- Determines the heritability of traits and is transmitted predictably from parents to offspring.
2. Dominance Variance (VD):
- Arises from interactions between alleles at a single locus.
- Dominant and recessive gene effects contribute to this variance.
- Not directly exploitable by traditional selection methods but important in hybrid breeding.
3. Epistatic Variance (VI):
- Results from interactions between alleles at different loci.
- Includes additive, additive x dominance, and dominance x dominance interactions.
- Often difficult to quantify and utilize in breeding.
So,VG=VA+VD + VI
Environmental and Interaction Variance
1. Environmental Variance (VE):
- Caused by non-genetic factors such as temperature, soil, water, and management practices.
- Can mask the expression of genetic potential.
- Minimizing VE is critical in experimental design.
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2. Genotype x Environment Interaction Variance (VGXE):
- Occurs when different genotypes respond differently to environmental conditions.
- Important in selecting genotypes with stable performance across environments.

Applications for Variance Components in Genetics

1. Estimating Heritability: Heritability is a key parameter in genetics that indicates the
proportion of phenotypic variance attributable to genetic variance.

- Broad-sense heritability (H?): H2 = VG / VP

- Narrow-sense heritability (h?): h2 = VA / VP

Narrow-sense heritability is crucial in predicting the response to selection in breeding
programs.

2. Predicting Genetic Gain: Genetic gain (AG) refers to the improvement in trait value from
one generation to the next through selection.

AG =h? x S, where S is the selection differential.

3. Designing Breeding Programs:

- Additive variance informs selection methods like pedigree or recurrent selection.

- Dominance and epistatic variances are crucial for heterosis breeding.

- GxE interaction data help breeders develop location-specific or widely adapted genotypes.
4. Genetic Mapping and QTL Analysis:

- Identify and estimate effect size of quantitative trait loci (QTLS).

- Partition phenotypic variance into QTL-associated and residual components.

5. Evolutionary and Population Genetics:

- Assess evolutionary potential and adaptability of populations.

- Estimate effects of natural selection, mutation, drift, and migration.

Challenges and Considerations

- Non-additive variance is often complex to estimate.

- Accurate partitioning requires replicated trials and advanced statistical models (e.g.,
REML, Bayesian methods).

- Environment-specific variance may limit the generalizability of results.

Conclusion

Variance components are powerful tools that allow geneticists to untangle the complex
interplay between genes and the environment. By accurately estimating additive, dominance,
and epistatic variances, along with environmental influences, researchers can make informed
predictions, improve breeding efficiency, and deepen our understanding of genetic
inheritance. Their use is indispensable in modern genetics, crop and animal improvement
programs, and evolution
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