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Emergence of genome wide association studies as a major plant breeding tool
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Abstract
Identification of genes responsible for complex traits has been revolutionized with the advent and association
of high throughput sequencing with association studies. GWAS takes the full advantage of ancient
recombination events occurred in the natural population and exploits simple association of polymorphism
with the trait of interest. Further, the genetic basis of phenotypic variations is detected by rapid high-
throughput sequencing, accelerating the genome assisted breeding. The high density SNPs generated through
GWAS allow whole genome scanning to identify haplotype blocks correlated with desired QTLs, thereby

establishing itself as a major plant breeding tool.
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Genome wide association studies (GWAS) has
vindicated itself not only in the identification of
variation associated with human genetic disorders but
also in plant science for various agronomic traits,
abiotic stress resistance and biotic disease resistance.
This is a “phenotype first” approach in which the
unrelated population is first screened for the presence
or absence of the phenotype. It further involves rapid
screening of complete genome of diverse population
to find maximum number of genetic variations
associated with a particular trait. While a linkage study
relies on co-segregation of gene and the marker,
GWAS exploits simple association of polymorphism
(SNP) with the trait of interest. The size of the
population is advised to be fairly large so that
association between SNP and the trait of interest is
validated. If certain variation is significantly found in
population with the concerned trait, the variation is
said to be associated with the trait. Entire genome is
screened for polymorphism rather than the small
number of pre-specified genetic regions. GWAS is
also known as linkage disequilibrium (LD) analysis
that represents the lack of recombination between the
neighbouring SNPs. The set of such SNPs associated,
are called haplotypes. The haplotype maps of large
population are useful to identify rare alleles. Rice

diversity project aimed to develop 10,000 SNP chips
for O. sativa and O. rufipogon populations
(Anonymous, 2018), created a haplotype document
for species. In legumes, 30 inbred lines of Medicago
were sequenced to explore the genetic basis of
symbiosis (Branca, 2010). The major problem with
the association studies is the LD decay over time as
recombination breaks haplotypes. To prevent this, the
genetic diversity of the population must first be
analysed to assess the fitness of population for
association studies. Being a non candidate approach, it
only specifies the variation associated with the trait
and not the candidate gene behind. GWAS is mostly
performed on unrelated diverse germplasm to
maximize the diversity captured but the QTLs
identified must be validated before they can be used in
genome assisted selection. For such validation, it is
important to perform GWAS on adapted lines so that
the QTLs can be directly used in marker assisted
selection in breeding programmes. The alliance of
GWAS with the modern day gene mapping
technologies has revolutionised the candidate gene
identification. Han et al. (2018) identified five
candidate genes for the capsaicinoid content in pepper
using two RIL populations and one GWAS population.
Mapping of HFT1; 5 gene in barley by Hazzouri et al.
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(2018) and identification of the underlined molecular
mechanism of the gene in salt tolerance in barley
clearly demonstrates the power of the GWAS
technology when merged with other high throughput
cloning and sequencing technologies.

GWAS has emerged as an efficacious tool for the
high throughput genotyping. Sanchez et al. (2018)
found that SNP S5 152926936 in chromosome 5 of
maize is associated with seedling root development.
The study involved the GWAS of 300 doubled haploid
lines derived from cross between GEM (Genetic
enhancement of maize) accessions and inbred lines
PHB47 and PHZ51. Avirulence factor AvrStb 6 of
Zymoseptoria tritici, recognized by Stb 6 resistance
gene in wheat was identified through GWAS and
classic linkage mapping by Zhong et al. (2017) for
effector discovery in the pathosystems of plants which
had been a challenging task. In the diverse collection
of 421 Chinese soybean, using 1536 SNPs, Li et al.
(2018) identified six SNPs associated with seed oil and
protein content each and two controlling the oil
content, by integrating the results of association
mapping with known QTLs and tissue specific data.
Li et al. (2018) revealed the genetic basis of
correlation among growth duration and yield traits in
rice through GWAS. The 47 pleiotropic genes in 15
pleiotropic QTLs were detected for the studied traits
and the reason of correlation was revealed to be
pGenes and linkage between two genes controlling
different traits along with the interaction between
genes within the same biological pathway. Wilson e?
al. (2018) studied the population structure of

Brachypodium species, a model plant, in response to
climate through GWAS across simulated seasonal
environments and found a total of 8, 22 and 47 QTLs
for flowering time, early vigour and energy traits,
respectively. Batayeva et al. (2018) found 26 QTLs
associated with salinity stress tolerance, 11 of which
were co-located with salinity tolerance gene. These
QTLs and gene clusters were found on chromosome 1,
2, 3, 6, 8 and 9. Han et al. (2018) investigated the
genetic architecture of Gibberella ear rot in maize with
GWAS within two elite panels of 130 dent and 114
flint lines and reported low genomic prediction among
the pools.

Main challenge in agriculture is to use tremendous
genetic variation present in available germplasm
which remains untapped due to difficulty in
effectively identifying genetic differences. Traits
having high heritability and easy characterization can
be easily selected while the ones with complex
inheritance are tedious to select. For such complex
traits, GWAS is capable of capturing the maximum
variability. GWAS, a well established methodology in
human genetics, has successfully established itselfas a
major plant breeding tool. The DNA markers
associated with the trait identified can be used in MAS
(marker assisted selection) for the incorporation of the
desirable alleles. With the emergence of low cost high
throughput sequencing technologies, GWAS has
come up as a cost effective and emerging tool for
genotyping and assisting fine mapping, thereby
increasing the scope of this methodology in crop
improvement.
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