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Climate change poses a significant threat to global food security, making it
imperative to identify and utilize crop genetic resources that are better adapted to
changing environmental conditions. To achieve this, a multidisciplinary approach
incorporating applied mathematics and omics technologies has emerged as a
revolutionary tool in assessing and selecting crop genetic resources for climate

adaptation.

Understanding Crop Genetic Resources

Crop genetic resources refer to the diversity of plant species and their genetic
traits that are utilized in breeding programs to develop new varieties. These
resources are essential in providing the genetic basis for improved crop
performance, including resistance to diseases, pests, and abiotic stresses, such

as heat, drought, and salinity.
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Challenges in Assessing Crop Genetic Resources

The traditional methods of evaluating crop genetic resources were time-
consuming and labor-intensive, limiting the scale of assessments and the ability

to assess a large number of genotypes. Additionally, the complex interaction
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between genetic and environmental factors made it challenging to predict how

these resources would perform under changing climatic conditions.

Applied Mathematics to the Rescue

Applied mathematics provides a valuable toolset to assess and model genetic
resources in relation to climate conditions. Mathematical models enable the
prediction of crop performance and adaptability by incorporating genetic,
physiological, and environmental data. These models are based on statistical
algorithms and machine learning techniques, allowing for the analysis of vast

amounts of data and providing insights into complex relationships.

Omics Technologies and Crop Genetic Resources

Omics technologies, including genomics, transcriptomics, proteomics, and
metabolomics, have revolutionized our ability to understand and profile crop
genetic resources. These technologies involve the analysis of large-scale
biological data to uncover gene functions, biological pathways, and key molecular

markers associated with important traits.

Integration of Omics and Applied Mathematics

The integration of omics technologies with applied mathematics allows for a
comprehensive assessment of crop genetic resources for climate adaptation. This
integration enables the identification of relevant genetic traits, their interactions
with environmental conditions, and the prediction of how these traits may perform

under future climate scenarios.

Benefits of the Multidisciplinary Approach

The multidisciplinary approach of applied mathematics and omics technologies

offers several benefits in assessing crop genetic resources:



» Efficiency: The combination of mathematical models and high-throughput
omics data analysis allows for the evaluation of a large number of genotypes

simultaneously, significantly reducing time and resources required.

» Accuracy: The integration of various omics data provides a more
comprehensive and accurate assessment of crop genetic resources,

enabling breeders to select genotypes with desired traits more effectively.

» Prediction: Mathematical models can extrapolate the performance of crop
genetic resources under different climate scenarios, offering valuable insights

for breeders to make informed decisions for future climate adaptation.

- Customization: The multidisciplinary approach can be tailored to specific
crop species and environmental conditions, allowing for targeted

assessments and selection of genetic resources.

Examples of Successful Applications

The application of applied mathematics and omics technologies in assessing crop

genetic resources has already shown promising results:

1. Drought Tolerance in Maize: Researchers utilized mathematical models to
analyze omics data and identified key molecular markers associated with drought
tolerance in maize. This information enabled breeders to select and develop
maize varieties better adapted to water scarcity, ensuring higher yields even

under drought conditions.

2. Heat Resistance in Wheat: By integrating mathematical models and
transcriptomics data, researchers discovered crucial genetic pathways involved in
heat tolerance in wheat. This knowledge allowed breeders to accelerate the
development of heat-resistant wheat varieties, ensuring stable yields in the face of

increasing temperatures.



Applied mathematics and omics technologies have transformed the assessment
and selection of crop genetic resources for climate adaptation. By combining
mathematical models with large-scale biological data analysis, breeders can
make informed decisions and develop crop varieties that are better adapted to
changing climatic conditions. This multidisciplinary approach offers significant
efficiency and accuracy improvements, enabling sustainable food production

amidst climate change challenges.
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Applied Mathematics and Omics to Assess Crop Genetic Resources for Climate
Change Adaptive Traits focuses on practical means and approaches to further the
use of genetic resources for mitigating the effects of climate change and
improving crop production. Genetic diversity in crop plants is being further
explored to increase yield, disease resistance, and nutritional value by employing
recent advances in mathematics and omics technologies to promote the

adaptation of crops to changing climatic conditions.

This book presents a broad view of biodiversity and genetic resources in
agriculture and provides answers to some current problems. It also highlights

ways to provide much-needed information to practitioners and innovators
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engaged in addressing the effects of global climate change on agriculture. The

book is divided into sections that cover:
» The implications of climate change for drylands and farming communities

« The potential of genetic resources and biodiversity to adapt to and mitigate

climate change effects
Applications of mathematics and omics technologies
» Genomics and gene identification

We are in the midst of significant changes in global climates, and its effects are
already being felt throughout the world. The increasing frequency of droughts and
heat waves has had negative impacts on agricultural production, especially in the
drylands of the world. This book shares the collective knowledge of leading
scientists and practitioners, giving readers a broader appreciation and heightened
awareness of the stakes involved in improving and sustaining agricultural

production systems in the face of climate change.
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