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[SAN]
@%’5@ mproving crop yield and stress tolerance is essential to ensure global food security under
& changing climatic conditions. Quantitative Trait Loci (QTL) mapping has emerged as a
b[éwf@ powerful tool to dissect complex traits controlled by multiple genes. This article discusses the
518 principles, methodologies, and applications of QTL mapping in improving yield and
&gwfw tolerance to abiotic stresses such as drought, heat, and salinity. It also highlights recent
&% advancements and future prospects in molecular breeding. Agricultural productivity is
b significantly affected by abiotic stresses such as drought, salinity, and heat. These stresses
08 can cause severe yield losses and threaten food security worldwide. Since traits like yield and
L stress tolerance are quantitatively inherited and influenced by multiple genes and
"2 environmental interactions, conventional breeding methods often show limited success. QTL
Gy mapping provides an efficient approach to identify genomic regions associated with these

0350 complex traits and accelerates crop improvement through marker-assisted selection.

.. Concept of QTL Mapping

& Quantitative Trait Loci (QTLs) are genomic regions that control quantitative traits such as
P yield, plant height, and stress tolerance. QTL mapping involves associating phenotypic
&% variation with genetic markers to identify loci responsible for trait expression. This approach
helps in understanding the genetic architecture of complex traits and enables breeders to
select desirable traits at the DNA level rather than relying solely on phenotypic selection.

jel
pa Methodology of QTL Mapping
o; Mapping populations are developed by crossing two genetically diverse parents with
022550 contrasting traits (e.g., drought tolerant vs. susceptible). Common populations include:
& « F:populations
@i}f@ e Recombinant Inbred Lines (RILS)
& « Doubled Haploids (DH)
Q%LZ Accurate phenotyping under controlled and field conditions is critical. Traits such as grain
1% yield, root length, and stress tolerance indices are measured under stress environments. DNA
Q

markers such as SNPs and SSRs are used to construct genetic linkage maps. High-density
) maps improve QTL detection accuracy. Statistical methods like interval mapping and
composite interval mapping are used to identify QTLs and estimate their effects.
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QTL Mapping for Yield Improvement

L . i - . . . o)
Yield is a complex trait influenced by multiple components such as grain number, grain [;j;&@
weight, and biomass. QTL mapping has identified several genomic regions controlling these o

traits. For example, studies in rice have identified QTL hotspots controlling grain number and
panicle traits, contributing significantly to yield improvement. Similarly, wheat studies have

b[ ’gw identified QTLs linked to thousand grain weight and plant height under stress conditions,
&% which are useful for breeding high-yielding varieties.
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QTL Mapping for Abiotic Stress Tolerance

Drought stress is one of the major constraints affecting crop productivity. QTL mapping has
identified genomic regions associated with root traits, water-use efficiency, and osmotic
adjustment. In soybean, several QTLs linked to drought tolerance have been identified using
high-density genetic maps, facilitating marker-assisted breeding. Salinity affects ion balance
and plant growth. QTL mapping has identified loci controlling ion transport and salt tolerance
mechanisms. In rice, QTLs associated with salt tolerance and yield-related traits have been
mapped, providing targets for developing salt-tolerant varieties. Combined stresses (heat +
drought) are increasingly common under climate change. QTL mapping has revealed
genomic regions controlling physiological traits such as chlorophyll content and antioxidant
activity under stress conditions.

Applications in Crop Improvement

Markers linked to QTLs enable early selection of desirable traits, reducing breeding time and
improving efficiency. Multiple QTLs for different traits can be combined into a single
genotype to enhance yield and stress tolerance simultaneously. Fine mapping helps identify
genes underlying QTLs, enabling functional genomics and gene editing approaches.

Challenges in QTL Mapping

Despite its advantages, QTL mapping faces several challenges:
« Environmental influence on trait expression

e Low resolution in some populations

« Epistatic interactions among genes

e Requirement of large populations and accurate phenotyping
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o Epistatic interactions among genes
e Requirement of large populations and accurate phenotyping

Future Prospects

The integration of QTL mapping with advanced genomic tools such as:

o Genome-wide association studies (GWAS)

e Genomic selection

o CRISPR-based gene editing

will enhance precision breeding and accelerate the development of climate-resilient crops.

Conclusion

QTL mapping is a powerful tool for dissecting complex traits like yield and stress tolerance.
It bridges the gap between traditional breeding and modern genomics, enabling the
development of high-yielding and stress-resilient crop varieties. With advancements in
molecular technologies, QTL-based breeding will play a crucial role in ensuring sustainable
agriculture and global food security.
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