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Abstract 

The changing climate and growing global population will increase pressure on our 

ability to produce sufficient food. The breeding of novel crops and the adaptation of 

current crops to the new environment are required to ensure continued food 

production. Advances in genomics offer the potential to accelerate the genomics 

based breeding of crop plants. However, relating genomic data to climate related 

agronomic traits for use in breeding remains a huge challenge, and one which will 

require coordination of diverse skills and expertise. Bioinformatics, when combined 

with genomics has the potential to help maintain food security in the face of climate 

change through the accelerated production of climate ready crops. 

 

  



Introduction 

 

There is growing acceptance that the world climate is changing and that these 

changes are due to the perturbation of the environment by human activity, 

predominantly the burning of fossil fuels and subsequent increase in atmospheric 

carbon dioxide concentration [1]. What continues to be debated are the exact 

changes that are likely to occur and their impact on agriculture. Due to the 

complexity of the factors influencing the climate, the accurate prediction of change is 

challenging [2]. However, there is general consensus that there will be warming 

across the globe which will lead to changes in rainfall patterns, and these changes in 

rainfall are likely to have a significant impact on agriculture.  

Not all of the predicted changes in climate will have an immediate negative impact. 

Warmer temperatures may increase agricultural productivity in some temperate 

zones by extending the growing season. Increased carbon dioxide concentrations 

may increase photosynthetic efficiency, reduce water loss through transpiration and 

may lead to a net increase in yield. However the increase in both the regularity and 

severity of droughts will likely negate these positive factors in many agricultural 

environments, particularly at low to mid latitudes.  

With the predicted changes in climate likely to disrupt global food supplies, 

immediate action is required to ensure global food security. In addition to the 

continued monitoring of climate and its impact on food crops, new crops and 

varieties are required which are tolerant to abiotic stress, resistant to pests and 

diseases and demonstrate greater nutrient use efficiency [3]. Advances will 

predominantly be improvements on current major crops but may include the adoption 

of new species which have not previously been considered for domestication.  

 

Climate change traits 

While the impact of climate change at any particular location is difficult to predict, 

some general themes on crop adaptation are clear. These include improving the 

ability to sustain yield under drought or flooding, resilience to high and low 

temperature extremes, and improved resistance to pests and disease.   

One of the more obvious changes in climate is the increase in atmospheric CO2 

concentration and this is expected to have a net positive effect on crop growth as 

CO2 is an essential nutrient for plant growth [4]. The impact of increased CO2 will be 

greater for C3 plants, such as wheat and rice, than C4 plants, such as maize, which 

have evolved mechanisms to optimise CO2 efficiency. Increased CO2 concentrations 

also improves water use efficiency as fewer stomatal openings are required for 

efficient gas exchange. This is important as climate change predictions for many 

regions include more frequent and severe droughts and floods. While it is not 

possible to grow crops in the absence of water, improved water use efficiency as 



well as the ability to survive and sustain yield under drought stress will become 

increasingly important traits. Drought tolerance and water use efficiency are complex 

traits which have strong environmental interactions, so while there will be no ‘golden 

bullet’, selection for improved adaption to drier conditions while maintaining yield is 

an important aim for crop breeders. Significant advances have been made in the 

area of flooding tolerance in rice with the introduction of the Sub1 gene [5,6] 

demonstrating the impact of genomics to improve food security under climate 

change.  

Increased plant growth and reduced transpiration associated with higher levels of 

atmospheric CO2 are predicted to affect the nutritional quality of food, with a 

reduction in nitrogen content in some species [7]. This could have the greatest 

impact in developing countries where dietary nutrition is already often poor. The 

selection of quality traits frequently takes second place to overall yield, and 

maintaining yield and quality will become more challenging under predicted climate 

change scenarios. 

One often overlooked impact of climate change is the predicted increase in 

abundance and virulence of pests and diseases [8,9], and a greater understanding of 

disease virulence and host resistance mechanisms is likely to reduce the impact of 

pests and pathogens in major crops and developed countries.  

 

The role of genomics 

Genomics and bioinformatics are rapidly expanding fields of research, being fuelled 

by the continued growth and reducing cost of DNA sequencing and genotyping  

[10,11]. While many of the initial genomics research areas focused on increasing our 

fundamental understanding of biology, there has been more recent growth of the 

application of genomics in area of agriculture. The translation of genomics to 

improve human health and nutrition will have a major impact on society both in 

developed and developing countries.  

The increased application of genomics in agriculture is timely, coming when food 

production faces the dual challenge of unprecedented population growth and climate 

change. Draft genome assemblies are now available for many of the major crops as 

well as an increasing number of wild relatives [12], and international efforts through 

the DivSeek and African orphan crops initiatives (http://www.divseek.org/; 

http://africanorphancrops.org/) aim to promote and coordinate the capture of crop 

genomic diversity for application in crop improvement.  

While one reference genome sequence provides valuable information, it does not 

represent the diversity within a species, and it is this diversity which is mined for 

selection and breeding. There are two main types of heritable genomic diversity; 

single nucleotide polymorphisms (SNPs) and structural variation such as copy 

number or presence/absence variations (CNVs/PAVs). Molecular markers developed 

http://www.divseek.org/


from SNPs have the resolution of a single nucleotide and are highly abundant across 

genomes [13]. They can be discovered in large numbers through genome 

resequencing and assayed using a wide range of approaches [14]. The importance 

of structural variation to both genomic and phenotypic diversity is only now being 

realised, with up to 20% of genes in some plant species showing absence in some 

individuals [15-17]. The combination of gene sequence diversity and the presence of 

variable genes is likely to contribute to the hybrid vigour observed when two diverse 

individuals are crossed [18,19]. 

The identification of genome diversity is of little value unless the diversity can be 

associated with heritable agronomic traits. Traditional trait mapping was performed 

on the progeny of pairwise crosses which have relatively low resolution due to limited 

recombination, and lack the ability to assess broader impacts of multi-gene 

interactions. More recent trait mapping approaches have applied multi parent 

populations such as nested association mapping (NAM) or magic (multiparent 

advanced generation intercross) populations [20-23]. These populations provide 

much greater resolution due to the higher frequency of recombination captured.  

Genotyping populations has also undergone a revolution in the last decade, with a 

move from PCR based single markers such as simple sequence repeats, towards 

highly parallel SNP based markers using genotyping arrays from providers such as 

Ilumina and Affymetrix, or more recently genotyping by sequencing (GBS) 

approaches [24,25]. With the ever reducing cost of generating DNA sequence data, 

GBS approaches, and particularly resequencing or skimGBS based methods [19,26] 

are likely to dominate the future of crop genotyping. 

One of the bottlenecks of trait association has been the production of suitable 

phenotypic information for trait association [27]. This is being addressed through the 

use of high throughput automated glasshouse phenotyping as well as the rapid 

increase in the use of modified drones to visualise and assess crops [28]. These 

drones are increasingly being used for routine on-farm assessment of crop growth, 

and there is the potential to extend remote monitoring as routine agricultural practice 

to enable the assessment of cultivars under diverse geographical and environmental 

conditions.  

 

The role of bioinformatics 

The flood of information from genome diversity studies, phenotypic assays as well as 

gene expression, proteomic, metabolomics, epigenetic and other related studies 

makes the application of this information for applied crop improvement a complex 

challenge. There are several database systems designed to manage this information 

for crop improvement; such as the integrated breeding platform 

(https://www.integratedbreeding.net/) and the Triticeae toolbox 

(https://triticeaetoolbox.org), however they do not capture the full range of relevant 

public information, and information related to historic published experiments or 



genes from related species is particularly absent. Crop specific information consortia 

such as the wheat information system (http://wheatis.org/) and the rice informatics 

consortium (http://iric.irri.org/) also aim to collate genomic information and translate 

this for applied crop improvement. One of the limitations of managing and integrating 

such large and diverse information is that the standard tabular design of traditional 

databases does not efficiently manage the diverse interactions between data or 

facilitate broad queries. New developments in graph database design offer 

opportunities to address this limitation and systems such as ondex [29] and Neo4j 

[30] open up the potential to explore and mine diverse data interactions including 

historic published data on related species which may be relevant to the crop. The 

application of graph databases to genomics is still in its infancy, but as they develop 

and become more sophisticated they are likely to become widely adopted both for 

understanding fundamental biology as well as for practical applied breeding tools. 

 

Global impact of climate change  

It is clear that the impact of climate change on agriculture will vary across the globe, 

both in the effect on crops and also the ability of societies to adapt and respond to 

the changing climate. Many developing countries have not experienced the 

intensification of agriculture undertaken in developed countries and many regions 

rely on subsistence farming of a limited number of crops species. These regions are 

particularly susceptible to the impact of climate change and are unlikely to benefit 

greatly from the advances in genomics seen in more mainstream crops without 

funding for specific crops, combined with support to increase agricultural 

intensification and associated food storage and distribution networks. Once these 

broader improvements in agricultural practice are in place however, there is the 

opportunity to rapidly advance crops that currently have little investment by 

shortening breeding cycles and improving genetic gain. In the short term, countries 

with intensive agricultural production are likely to benefit most from advances in 

genomics as established industries invest and compete for their share of the seed 

market leading to continued improvement in varieties for yield, quality and climatic 

resilience (Figure 1).  

Conclusions 

There is a danger that without targeted action to promote food security, climate 

change may lead to major food shortages and increase the disparity of wealth and 

wellbeing across the globe. Advances in genomics and bioinformatics have the 

potential to accelerate the production of improved crops, improving global food 

security in the face of climate change. 
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Figure 1. Pathways for genomics assisted breeding of new crops. 

The application of advanced breeding strategies for the production of new crops will 

increasingly be based on knowledge of genome variation and its relationship with 

agronomic traits. 
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