
Hands-on for Genome 
Wide Association Studies 

(GWAS)



• Goal: find connections between:

➢ A phenotype: plant height, disease resistance, ..., trait known to be 
heritable.

➢ Whole-genome DNA markers

• Specific goals are distinct:

1. Identify statistical connections between points (or areas) in the 
genome and the phenotype

• Drive hypotheses for biological studies of specific 
genes/regions in specific context

2. Generate insights on genetic architecture of phenotype

• Many small genetic effects dispersed across the genome?

• Few large effects concentrated in one area?

Phenotyping

Genome Wide Association Study



Population required for GWAS

II – Multi-parental QTL



At the fundamental level, genetic association and linkage 
analysis rely on similar principles and assumptions

• Both rely on the co-inheritance of adjacent DNA 
variants, SHORT-RANGE LINKAGE DISEQUILIBRIUM 
(LD)

• Linkage mapping: recently generated LONG-RANGE 
LD by identifying haplotypes that are inherited intact 
over generations in families or pedigrees of known 
ancestry

• Association mapping: historical SHORT-RANGE LD, 
from the retention of adjacent DNA variants over 
many generations

• Association studies can be regarded as very large 
linkage studies of unobserved, hypothetical pedigree

QTL mapping vs GWAS



SNP-1 SNP-2 SNP-1 SNP-2 SNP-1 SNP-2

6 0

0 6

3 0

3 6

3 3

3 3

A

b

D = 𝑃 𝐴𝐵 × 𝑃 𝑎𝑏 − 𝑃(𝐴𝑏) × 𝑃(𝑎𝐵)

𝒓𝟐 =
𝑫𝟐

𝑃 𝐴 𝑃 𝑎 𝑃 𝐵 𝑃(𝑏)

a

B

A a A a

b
B

b
B

D = 0.125D = 0.25 D = 0

r2 = 1 r2 = 0.33 r2 = 0

Brief introduction of LD 



Tools used for GWAS

https://www.maizegenetics.net/tassel

https://www.maizegenetics.net/tassel


What can TASSEL do?

Genotype and phenotype data editing
• File conversion (e.g., hapmap, VCF, Plink)
• Merging, sorting, filtering
• Phenotype transformation

Data imputation
• LD KNNi
• Numerical
• FILLIN, FSFHAP

Genetic analysis
• Diversity
• Relatedness
• Genotype/phenotype 

association
• GWAS
• Genomic selection

Genotyping-by-sequencing (GBS) 
pipeline

• GBS v2 pipeline
• UNEAK

Pan-genome 
analysis

• PanA



Installation Homepage: software download & other information
https://www.maizegenetics.net/tassel

https://bitbucket.org/tasseladmin/tassel-5-source/wiki/Home

Resources
Wiki: User manual & software information

https://bitbucket.org/tasseladmin/tassel-5-source/wiki/UserManual

User manual

https://www.maizegenetics.net/tassel
https://bitbucket.org/tasseladmin/tassel-5-source/wiki/Home
https://bitbucket.org/tasseladmin/tassel-5-source/wiki/Home
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https://bitbucket.org/tasseladmin/tassel-5-source/wiki/UserManual
https://bitbucket.org/tasseladmin/tassel-5-source/wiki/UserManual
https://bitbucket.org/tasseladmin/tassel-5-source/wiki/UserManual


Genotype file format

Hapmap
VCF
Plink
Flapjack
…

• Common output format from genotyping
• Common input format required by 
     e.g., database, imputation software

Hapmap (haplotype map)

11 columns
Individual 1, 2 …

SNP ID REF/ALT

xxx.hmp.txt
Can be viewed with NotePad++



Genotype file type – VCF

Meta-
information 
line

Header line
Data lines

xxx.vcf
Can be viewed with NotePad++

Code Meaning

A Adenine

C Cytosine

G Guanine

T Thymine

R A or G

Y C or T

S G or C

W A or T

K G or T

M A or C

B C or G or T

D A or G or T

H A or C or T

V A or C or G

N any base



Step 1. Open file in a supported format, e.g., hmp.txt

Step 2. Save an opened file in another supported format, e.g., .vcf

HapmapVCF



Filtering Genotype Tables

n×p  matrix 

1



Filtering using allelic frequency
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Filtering using allelic frequency 
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Filtering using NA data
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Filtering using heterozygosity frequency
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Relatedness Analysis
A. Create a kinship matrix object
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Relatedness Analysis
B. Create a distance matrix
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Plotting phylogenetic trees



Relatedness Analysis
Plotting PCA 
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Relatedness Analysis
Plotting MDA 

Start from distance matrix
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Association Analysis
Checking normality of phenotypic traits
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Association Analysis
Genotype Summary

1 Highlight the genotype file
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Association Analysis
Calculating LD per Chromosome
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Highlight the genotype file
NB: The option Separate will list files based on chromosomes. Then chr1 was retained for demonstration. 
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Association Analysis
Visualizing LD and LD decay of Chromosome 1
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Association Analysis
GWAS: file preparation

Hold Ctrl and left-click to select multiple input files
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Association Analysis
GWAS: QQ Plot
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Association Analysis
GWAS: Manhattan Plot
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