
Advanced Breeding Techniques – Study Notes

1. Overview

Modern breeding goes beyond simple selection of phenotypic traits. By integrating molecular

biology, genomics, and biotechnological tools, breeders can accelerate genetic gain, introduce

novel traits, and improve precision. The main categories are:

Category Core Principle Typical Applications

Molecular?Assisted Selection

(MAS)

Use DNA markers linked to

desirable genes

Early?generation selection,

disease?resistance

breeding

Genomic Selection (GS)
Predict breeding values from

genome?wide marker data

Complex quantitative traits

(yield, drought tolerance)

Genome Editing

Directly modify DNA at specific

loci (CRISPR/Cas, TALENs,

ZFNs)

Trait introgression,

knockout of deleterious

alleles

Polyploid & Synthetic Hybrid

Production

Manipulate chromosome sets to

create new gene combinations

Fruit crops, ornamental

plants

Speed Breeding & Controlled?

Environment Phenotyping

Accelerate generation turnover

& collect high?resolution data

Rapid development cycles,

climate?resilient varieties

In Vitro Techniques (Embryo

Rescue, Haploid Induction,

Doubled Haploids)

Bypass sexual incompatibility,

produce homozygous lines

quickly

Wheat, maize, barley,

horticultural crops

2. Molecular?Assisted Selection (MAS)

2.1. Principle

Identify molecular markers (SSR, SNP, CAPS, etc.) tightly linked to a target gene/QTL.

Screen seedlings or gametes for the marker rather than waiting for phenotype.
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2.2. Workflow

1. Mapping – QTL mapping or GWAS to locate trait?associated loci.

2. Marker Development – Convert associated SNPs/indels into robust assays (KASP,

TaqMan).

3. Validation – Test marker–trait association in diverse germplasm.

4. Implementation – Use marker assays in early?generation selection or backcrossing.

2.3. Advantages & Limitations

Advantages Limitations

Reduces breeding cycle time
Requires prior knowledge of linked

markers

Increases selection accuracy for low?heritability traits May miss epistatic interactions

Enables selection for traits expressed late or under

specific conditions

Cost of genotyping can be high for large

populations

3. Genomic Selection (GS)

3.1. Concept

Prediction models (e.g., GBLUP, Bayesian LASSO, Random Forest) use genome?wide

marker data to estimate Genomic Estimated Breeding Values (GEBVs).

No need to identify individual QTL; the whole genome contributes to the prediction.

3.2. Steps

Step Description

Training Population Phenotype a diverse set; genotype with high?density markers.

Model Building Fit statistical model linking markers to phenotypes.

Prediction Apply model to genotyped but unphenotyped candidates ? GEBVs.

Selection Choose top GEBV individuals for crossing or advancement.

3.3. Key Parameters
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Marker density – ? 5–10?K SNPs often sufficient for many crops.

Training set size – Larger (??1?000 individuals) improves accuracy.

Heritability of trait – Higher heritability ? higher prediction accuracy.

Relationship between training and selection populations – Closer genetic relatedness

boosts reliability.
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