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GWAS

What is it?

What is it used for?

GWAS stands for Genome-Wide Association Study. It is a type of study 
in genetics that aims to identify genetic variations associated with a 
particular trait or disease. In a GWAS, researchers analyze the 
genomes of a large number of individuals to identify common genetic 
variants that are more frequently found in individuals with the trait or 
disease of interest compared to those without.

Source: ChatGPT 3.5

GWAS scans the entire genome, examining these variations to identify 
associations between specific genetic markers and the trait or disease 
being studied. These studies have been particularly useful in identifying 
genetic factors associated with complex diseases such as diabetes, 
heart disease, and various psychiatric disorders.
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What do we need to perform a GWAS?

Phenotypic data (preferably good/robust data).

A genetic map or the genome sequence of your target organism

Markers that can be related to the genetic/genomic resources available.

GWAS can be/is often performed as a two-step analysis:
1. Obtain phenotype data 

1. Field experiments
2. Surveys 
3. Etc

2. Do the GWAS analyses

Appropriate software
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Which Software?
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GAPIT input data:
Y Phenotype
KI Kinship matrix
CV Covariate variables
G Genotype data in hapmap format
GD Genotype data in numeric format
GM Genotype map for numeric format.
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What do we need to do association study with GAPIT?

Y = Phenotype data:
GD = Genotype data:

GM = Genetic map:

The markers in the 
‘GD’ and in the 
‘GM’ files need to 
be in the same 
order!
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This walk-through:

Phenotype data: Polyphenol content (pelargonidin-3-O-malonylglucoside) in strawberry lines.

Genotype data:   Single nucleotide markers obtained with the iStraw35 array. 

Genome: F. vesca v4.0

Software: GAPIT v3 under the R/Rstudio umbrella.
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The basic GAPIT call:

From the GAPIT user manual
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A closer look at our input data:

Phenotype data aka Y in previous slide.

Pg_3_malglu == pelargonidin-3-O-malonylglucoside 
(an anthocyanin)
Quantified by HPLC-DAD-MS of ripe fruit from three 
mapping populations. Three replicates from each 
strawberry line was used. 
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The basic GAPIT call:

From the GAPIT user manual
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Need to filter the markers:
• Remove duplicates
• Minor allele frequency
• Call rate
• LD pruning?

Get myGD to the right format.
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Numeric genotypes aka GD

2 == homozygote reference allele
1 == heterozygote
0 == homozygote alternative allele

Genotype data filtered on minor allele frequency
Non-informative markers removed
Markers on identical positions removed.
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The basic GAPIT call:

From the GAPIT user manual
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The map aka GM

Note: the order of the markers (‘probe’) in myGM file 
must be identical with the order of the columns in 
the myGD file.
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The basic GAPIT call:

From the GAPIT user manual
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Which model to choose?

From the GAPIT manual

Selection criteria: 
Computing efficiency and statistical power?

The various methods sorted according to their 
statistical power. GLM providing the lowest and 
BLINK the highest.

The various models are (to some extent) 
described in the manual.
Proper comparisons between the models is 
lacking. 
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Wang and Zhang 2021. GAPIT Version 3: Boosting Power and Accuracy for Genomic Association and Prediction
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ManhattanPlot with the F.vesca
H4.0 genome and iStraw35 markers

ManhattanPlot with the Royal Royce 
genome and iStraw35 markers. 

Bonferroni (0.01)

Bonferroni (0.05)

Bonferroni (0.01)

Bonferroni (0.05)
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Most significant (BLINK):
AX-166516280 at 32.97 MB

With the F.vesca H4.0 genome and 
iStraw35 markers.

With the Royal Royce genome and 
iStraw35 markers. 

Most significant (BLINK):
AX-123614430 at 31.15 MB
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Percentage of variation in 
pelargonidin-3-O-malonylglucoside
explained by markers.
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How many principal components to include?



05.03.202422

Contaminants?
most deff
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What is it good for?
• Homing in on functional genes.
• Marker assisted selection
• Use the markers as  covariates in GS

BTW:
• GAPIT has several GS tools implemented

• gBLUP→ large number of genes
• sBLUP→ small number of genes
• cBLUP→ for traits with low H2
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The current data set (the iStraw35 markers and the phenotypes) 
and R-code is available upon request (jahn.davik@nibio.no)
The GAPIT User Manual is very instructive, and a tutorial data 
set is also available there.

Thank you for the attention.

mailto:jahn.davik@nibio.no
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