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Introduction 

Global climate change poses 

significant threats to agriculture, particularly in 

the form of increased drought and heat stress. 

Traditional breeding methods have been slow 

in addressing these challenges due to the 

complex genetic nature of abiotic stress 

tolerance. Genomic selection (GS) has 

emerged as a powerful tool to accelerate 

breeding efforts by predicting an individual's 

genetic merit based on genome-wide markers 

(Meuwissen et al., 2001). 

The growing impacts of climate 

change, including increasing temperatures and 

changing precipitation patterns, have 

intensified the frequency and severity of 

abiotic stresses like drought and heat on crops. 

Traditional plant breeding, which relies on 

observable traits (phenotypes), faces 

challenges when dealing with traits controlled 

by multiple genes, known as quantitative traits. 

Genomic selection (GS), by leveraging high-

throughput DNA sequencing and advanced  

 

 

 

 

 

 

 

 

 

statistical models, enables breeders to 

accelerate crop improvement for such complex 

traits. This approach allows prediction of a 

plant’s performance under stress conditions 

without the need to grow the plants in field 

trials under those specific stresses. 

The Need for Improved Drought and Heat 

Tolerance 

Agricultural productivity heavily 

depends on climatic conditions. Crops 

frequently face abiotic stresses such as drought 

and heat, which drastically reduce yield. 

Drought stress leads to reduced water 

availability, whereas heat stress disrupts 

metabolic functions (Hirayama & Shinozaki, 

2010). The traditional breeding approaches to 

improving tolerance involve selecting 

phenotypic traits linked to stress tolerance; 

however, these methods are time-consuming. 

Drought and heat stress directly impact 

plant physiology, causing dehydration, 

impaired photosynthesis, and reduced grain  
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filling. This results in considerable yield 

losses, affecting food security worldwide, 

especially in regions like Sub-Saharan Africa 

and South Asia, where rainfed agriculture 

dominates (Fischer et al., 2012). Developing 

crops that can withstand such conditions has 

been a major goal in agricultural research, but 

the genetic complexity of traits like root depth, 

transpiration efficiency, and cellular 

thermotolerance has slowed progress. 

Genomic selection helps overcome these 

challenges by using the plant’s genetic 

information to predict its ability to survive and 

thrive under stressful conditions (Voss-Fels et 

al., 2019). 

Genomic Selection: An Overview 

Genomic selection uses genome-wide 

marker data to predict the breeding values of 

individuals before phenotypic data becomes 

available. This process speeds up the breeding 

cycle and increases selection accuracy 

(Heffner et al., 2009). Genomic selection is 

especially useful for complex traits like 

drought and heat tolerance, where many genes 

control a trait and interact with environmental 

factors. 

Mechanism of Genomic Selection 

1. Marker Identification: Genome-wide 

association studies (GWAS) identify 

markers linked to traits of interest. In 

the case of drought and heat tolerance, 

genes related to water-use efficiency, 

root depth, and heat-shock proteins are 

often targeted (Wang et al., 2017). 

2. Predictive Modeling: Statistical 

models are used to predict a plant's 

performance based on its genomic data. 

Methods like ridge regression and G-

BLUP are common in genomic 

selection to estimate breeding values 

(Crossa et al., 2017). 

3. Cycle Acceleration: Traditional 

breeding methods can take several 

years to complete one cycle of 

selection due to the need for field trials 

in multiple locations. Genomic 

selection dramatically reduces this 

timeline because plants can be selected 

based on their GEBVs without being 

grown under specific stress conditions 

(Heffner et al., 2009). This allows 

breeders to make quicker decisions and 

complete more selection cycles within 

the same timeframe, increasing genetic 

gain. 

Applications in Drought Tolerance 

Several crops have benefited from 

genomic selection for drought tolerance. For 

example, genomic selection in maize has led to 

the identification of markers linked to root 

architecture and water-use efficiency, 

improving yield under water-limited 

conditions (Beyene et al., 2019). Similarly, 

wheat breeding programs have successfully 
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used GS to enhance drought tolerance by 

selecting for traits such as osmotic adjustment 

and deeper root systems (Juliana et al., 2021). 

Rice: In rice, genomic selection has 

been used to develop varieties that are more 

tolerant to heat stress. One of the key traits 

targeted is early flowering, which allows rice 

plants to complete their reproductive phase 

before the onset of high temperatures (Yin et 

al., 2018). Genomic regions controlling the 

expression of heat-shock proteins have also 

been identified and used in breeding programs 

to enhance the ability of rice plants to 

withstand high temperatures. 

Wheat: Heat stress, especially during 

the flowering and grain-filling stages, can 

significantly reduce wheat yields. Genomic 

selection has been applied to target traits like 

canopy temperature depression (CTD), 

which allows plants to maintain cooler leaf 

temperatures under heat stress. This trait is 

associated with better photosynthetic 

efficiency and grain filling during high-

temperature episodes (Mondal et al., 2020). 

Genomic selection has also been used to 

improve traits like membrane stability and 

antioxidant enzyme activity, which help wheat 

plants mitigate the damage caused by heat 

stress. 

Applications in Heat Tolerance 

Heat tolerance breeding through 

genomic selection has been demonstrated in 

crops like rice and wheat. In rice, genomic 

regions controlling traits like early flowering 

and heat-shock protein expression have been 

targeted (Yin et al., 2018). Similarly, wheat 

varieties with better canopy temperature 

regulation and thermotolerance have been 

developed using genomic selection (Mondal et 

al., 2020). 

Maize: Genomic selection in maize has 

enabled breeders to develop varieties that 

perform well under water-limited conditions. 

For example, marker data from maize varieties 

grown in drought-prone areas was used to 

identify genes linked to root architecture and 

drought avoidance (Beyene et al., 2019). These 

varieties show improved yield stability in 

rainfed environments where drought 

frequently occurs. 

Wheat: In wheat, genomic selection 

has accelerated the breeding of varieties with 

traits like osmotic adjustment, leaf rolling, and 

the ability to maintain growth under low water 

availability. These traits help maintain cellular 

functions during periods of drought, thereby 

protecting yields (Juliana et al., 2021). 

Applications in Heat Tolerance 

Heat tolerance is particularly important 

as rising temperatures threaten productivity, 

especially during critical growth stages such as 

flowering and grain filling. Genomic selection 

has been applied to target traits associated with 

heat tolerance, including earlier flowering 
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time, better canopy cooling, and enhanced 

expression of heat-shock proteins. 

➢ Rice: In rice, breeders have used genomic 

selection to improve heat tolerance by 

selecting for genes responsible for early 

flowering, which allows the plant to avoid 

the hottest parts of the growing season 

(Yin et al., 2018). Genomic selection has 

also been used to select for increased 

expression of heat-shock proteins that 

protect cellular structures from thermal 

damage. 

➢ Wheat: Wheat varieties with better 

thermotolerance have been developed 

through genomic selection, focusing on 

traits like canopy temperature regulation. 

Breeders target alleles associated with 

cooler canopies under heat stress, helping 

wheat plants avoid overheating and 

maintain photosynthetic efficiency 

(Mondal et al., 2020). 

Challenges and Future Prospects 

While genomic selection holds great 

promise, it faces challenges such as high costs 

of genotyping, the need for accurate 

phenotyping, and limitations in predicting 

genotype-by-environment interactions (G × E) 

(Lado et al., 2016). However, advancements in 

next-generation sequencing and phenotyping 

technologies are likely to reduce these 

limitations. 

In the future, integrating genomic 

selection with other technologies such as gene 

editing and phenomics could further enhance 

breeding efforts for stress tolerance. Also, the 

combination of genomic selection with 

precision agriculture practices will enable 

better crop adaptation to changing climates 

(Xu et al., 2020). 

Conclusion 

Genomic selection has proven to be a 

revolutionary tool in improving drought and 

heat tolerance in crops, providing faster and 

more efficient ways to breed for these complex 

traits. While there are challenges to be 

addressed, ongoing advancements in genomics 

and related technologies promise a future 

where crops are better adapted to climate 

extremes. 

Genomic selection is transforming crop 

breeding by offering a more efficient and 

precise method for developing varieties with 

improved drought and heat tolerance. As 

climate change intensifies the frequency of 

abiotic stresses, genomic selection provides an 

essential tool for breeding crops that can thrive 

in harsher environments. Continued 

advancements in genomics, bioinformatics, 

and phenotyping technologies will further 

enhance the ability of breeders to produce 

resilient crop varieties, ensuring food security 

in the face of a changing climate. 
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