GENOME WIDE ASSOCIATION STUDIES



Mappin

. ﬂ'is the representation of information using special
relationships

* Mapping methods

Linkage mapping: measures recombination between
markers and the unknown gene (linkage)

Association mapping:. measure correlation between
marker alleles and allele in a population (linkage
disequilibrium)



Genome Wide Association

. AirﬁttU%éntify which regions (or SNPs) in the

genome are associated with disease or certain
phenotype.

* Design:
— ldentify population structure
— Select case subjects (those with disease)
— Select control subjects (healthy)
— Genotype a million SNPs for each subject
— Determine which SNP is associated.
 Encoded data
« Ranking SNPs



Genome-Wide Association Studies
(GWAS): Natural Populations

AManv generations
of recombination

Historical recombination events and natural genetic diversity, resulting in high
mapping resolution



WHY GENOME WIDE ASSOCIATION MAPPING?
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Basics for GWAS

Calculate the odd ratio

 |f 2 events are considered
e oddsofAand B is
OR = Odds(A)/Odds(B) = (A)/(~A) / (B)/(~B)

« Symmetry in odds ratio
OR = 0Odds(D|G=1)/0Odds(D|G=0) =
= Odds(G|D=1)/0Odds(G|D=0).



Nadeem et al.,2017




GWAS based on Linkage Disequilibrium (LD)

* [.D1s the non-random correlation or association of alleles at
two loci

* D, D' (normalized), and r2 are commonly used summary
statistics to estimate pairwise LD

* r2is preferred in association studies because it is more
indicative of how markers might correlate with QTL



Genome-wide Association Mapping Results

Manhattan plot: summarize GWAS results
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Genome-wide Association Mapping Results

QQ-plot: assess performance of Statistical model
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Software Used for calculation of GWAS )

« “Graphical overview of linkage disequilibrium” (GOLD) to
depict the structure and pattern of LD.

* “Trait Analysis by aSSociation, Evolution and Linkage” (TASSEL)
and PowerMarker

Common siahshical software packages tor associahon mapping.

Software poackage Foass Wedsite {omment

TASSH Assocofion endiyss  Bitp.//www maizegenstics net Free, 1D stafisfics, sequesce snoiysss, essacefion mapping Jogisiic regression, lnear
model, ond mixed model}

SAS Genent bitp.//werm sos com {ommescil, stondosd software widely used = doto ondlyss end methodology work

£ Genenc btp /S wern sprojeci ong/ Free, convenient for samulotion werk foc resemedhes with good progromeming end
statistics bockground

STRUCTURE Pogulesion struchurd  Bttp: //pritch bed uchicnge. ede/structes himl Free, widely used for popubeSion struchure analysis

SPG: Redative knship bt/ /wrven db oc be/scesces /ecoevel fspogedi iml Free, genefic reloSionship endiysis

ERGENSTER] P(A ossodofiom  Hip://gencpoth med horverd edu/-reich/Softeme him  Free, PCA wos proposed os o oflernative for populsfion structure onalysis

o

MIDFREML ﬁzniéw model Hitp://aiph orsusde goe/ontvi/midhend himl Free, mized mode! andysis for onimol breeding doin, also can be used for plont defis

ASREME #Bixed modsl bittp: / fwwem wsni ook /prodects fesremd {smmexcial, minzd medel andhysis for orimdl breeding doto, elso con be used fo
plant doka
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BASIC BIOLOGY

* Understand the makeup of molecular pathways.

« Dissect the genetic component of molecular variation.
« (Genotype environmental interaction.

Breeding

« Mining of markers causal for phenotype. -

 to assist in breeding decisions. g
« Maximization of yield, pathogen resistance g/ \ /




Advantages:

Biological pathway of the trait does not have to be known.
Discovering novel candidate genes.

Encourages collaborative consortia.

Rules out specific genetic association.

Provides more robust data.

|dentifies the mutations explaining few percent of phenotypic
variant.



Limitations:

Results need replication in independent samples in different
population.
A large study of population is required, detects association not
causation.

|dentifies specific location not complete gene.

Focus on common variants and many associated variants are
not causal.

Detect any variant(>5%) in a population.

Cost of each DNA sample and pooling them.

Unavailability offunding agencies.






