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GWAS: Overview

Phenotypes

Genotypes
from

unrelated
individuals

Quality control (QC)

- Relatedeness
( K matrix)

- Population structure 
(Q or P matrix)

- Minor allele
frequency (MAF)

- Heterozygosity

Statistical
analysis

1- Genotypes

2- Phenotypes

3- K matrix

4- P matrix

GWAS results
visualization

Q_Q plot

Manhattan plot

Siew-Kee Low et al. Clin Cancer Res 2014;20:2541-2552
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How to carry out a GWAS 

TASSEL v 5.2.50

Step I
SNP data filtering
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Covered in previous
presentations
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Sorting taxa

Genotype file name

Number of indiv

Number of markers
(MAF ³ 5% , Het ≤ 10%

Indiv.(Taxa) 
names

0
1 Getting taxa sorted

Taxa sorted view
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Step IIKinship analysis (K matrix)

2.1

2.2

2

Kinship matrix view (K matrix)
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Step IIPop’n structure analysis (P matrix)

3.1

You can change the number of PCs
3

3.2

Pop. structure matrix view (P matrix)

End of step II
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K matrix

P matrix

NB: MAF and heterozygosity were done before

(MAF ³ 5% , Het ≤ 10%)

Genotypes

from

unrelated
individuals

Quality control (QC)

- Relatedeness

( K matrix)

- Population structure 
(Q or P matrix)

- Minor allele

frequency (MAF)

- Heterozygosity

I IIStep
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Step IIISort and export taxa list

4.1

4

Taxa sorted view
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4.2

4.3

Give a name

Choose your working
directory

saved

Step IIISort and export taxa list

4.4

4.5

4.6

4.7
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Sort individuals in phenotype fileStep III

NB
One phenotypic value
for each individual

Open phenotype file in Excel (v 16.19 was used)

Select individuals and phenotype values columns

Click «données»

select Trait

Indiv. Sorted view
5

5.1

5.2

5.3

5.4

Check names in genotype and phenotype files in Excel
(Must be identical) 
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Phenotype file Open genotype file
6

Step III

6.1

Copy and paste

Phenotype file
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Select both
columns

6.2
6.3

6.4

Check names in genotype and phenotype files in Excel
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Correct name
according to 
genotype file

headers

6.5Phenotype file Phenotype names corrected

✅ Delete the column of 
genotype name

✅ Check

- Phenotype file header

- Number of individuals
must be the same in all files

✅ Saved phenotype file (.txt)

6.6

Check names in genotype and phenotype files in Excel
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Step III
Load phenotype checked and saved files

7

Loaded phenotype view in TASSEL

End of step III
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Genotypes
from

unrelated
individuals

Quality control (QC)

- Relatedeness
( K matrix)

- Population structure 
(Q or P matrix)

- Minor allele
frequency (MAF)

- Heterozygosity

I II

Phenotypes

III

K matrix
P matrix

Phenotype

Genotype

Step
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Create a unique joint file with: phenotype + PCs + genotype Step IV

NB: to select the three files

- Hold « cmd (Mac)» or « ctrl (Windows)

- select PC

- select Phenotype

- select Genotype

8.1
8

Check the number
of individuals
(need to be the same in all files)

Joined file created

Indiv
names

PhenotypePCs MarkersJoint file view
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Launching GWAS using MLM Step IV

MLM analysis in progress

9

9.1
9.2

9.3
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Output of the MLM analysis
For more info : http://www.maizegenetics.net/tassel.

Three files are created with prefixes

-MLM_statistics*
-MLM_effects*
-MLM_compression*

File used to create a Q_Q plot and Manhattan plot 

End of step IV

MLM_statistic* view
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Visualization of GWAS results
Association distribution, quantile–quantile (Q-Q) plots of observed P values versus expected P values

Press Okay

Q-Q plot view of marker-trait association 

Step V

10

10.1

10.2
10.3

http://www.maizegenetics.net/tassel
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Visualization of GWAS results Step V

Significantly associated markers

Physical position bp

Chromosome number

11

11.1

Save GWAS Results files for further analysis
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Give a name
12.4

12.5

12

12.1

12.2 12.3
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