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Exercise

In this exercise, we will do the following:.

1.  Gain familiarity with the software PLINK

2. Run a Quality Control (QC) analysis on genotype data of 90 individuals of two

ethnic groups (Han Chinese and Japanese) genotyped for ~230,000 SNPs.

3.  Use our QC data to perform a genome-wide association test (GWAS) across
two phenotypes: case and control. We will compare the results of our GWAS

with and without multiple hypothesis correction.



Start the VM

 Follow instructions for starting VM (This is the Remote Desktop
software).

* The instructions are different for UIUC and Mayo participants.

 Find the instructions for this on the course website under Lab set-up:
https://publish.illinois.edu/compgenomicscourse/2022-schedule/
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https://publish.illinois.edu/compgenomicscourse/2022-schedule/

Step O: Local Files

For viewing and manipulating the files needed for this laboratory exercise,
the path on the VM will be denoted as the following:

[course_directory]

We will use the files found in:
[course_directory]\09 Variant Analysis\data

[course_directory]= Desktop\Labs UIUC
[course_directory]= Desktop\VM Mayo



Dataset Characteristics

filename meaning

plink.exe An executable of the PLINK GWAS toolkit. (Preinstalled)

A haplotype analysis program written in JAVA. Used to

Haploview.jar view PLINK results and SNP analysis.

wgasl.ped Genotype data for 228,694 SNPS on 90 people.
wgasl.map Map file for the snps in wgasl.ped.

extra.ped Genotype data for 29 SNPS on the same 90 people.
extra.map Map file for the SNPS in extra.ped.

Population membership of the 90 people.

POP.COV (1 =Han Chinese, 2 = Japanese)




The PED File Format

The PED File Format specifies for each individual their genotype for each SNP and their
phenotype.

Family ID is either CH (Chinese) or JP (Japanese)

Paternal and Maternal IDs of O indicate missing.

Sex is either Male=1, Female=2, Other=Unknown
Phenotype is either O = missing, 1 = affected, 2 = unaffected.
Genotype O is used for missing genotype

Paternal

Family ID  Individual ID D Maternal ID Phenotype Genotype...

CH18526 NA18526 0 0 2 1 AAOG..




The MAP File Format

The MAP File Format specifies the location of each SNP.

Note: Morgans (M) are a special kind of genetic distance derived from
chromosomal recombination studies. Morgans can be used to
reconstruct chromosomal maps.

cM Base Pair Position

8 rs17121574 12.8 12799052




In this exercise, we will analyze our data using PLINK on the command prompt
Additionally, we will perform a format conversion to speed up our QC analysis.

Finally, we will validate our conversion and see what individuals and SNPs would be
filtered out with default filters for QC analysis.



Step 1A: Starting the Command Prompt

The command prompt is a program that let’s us run PLINK directly
without using additional tools

To start the command prompt window, navigate to the search bar at the
bottom of the screen and search for the command prompt.

]

Command Prompt

H Il O Type here to search




Step 1A: Setting up the Directory

A window should appear similar to the one below:




Step 1B: Setting up the Directory

Command
prompt
(do not type)

Type in the following command to head to where the data is located.
Use TAB to autocomplete. Make sure to use the correct course directory

—
> lcd Desktop\Labs\@9 Variant Analysis\data # use this if you are UIUC

> cd Desktop\VM\@9 Variant_Analysis\data # use this if you are Mayo
# this is a comment (DO NOT TYPE)
# cd = change directory

# example shown below. Note that on windows, folders are separated by “\”
instead of “/”

CihlsershIGB»cd Desktophlabsh@9 Warlant_Analysishdata

Typing begins
here
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Step 1C: Setting up the Directory

To verify that you are in the data folder, select the Labs folder located in
the desktop (select VM if you are Mayo)




Step 1D: Setting up the Directory

Open the 09 _Variant_Analysis folder

aua F W 1t P SCalL Lans

Marne Date rmodified
01_Statistics_lab 5920221243 PR
0Z_Genorme_fssembly 51972022 1243 PR
03_Variant_Calling 57952022 1242 Ph
04 Transcriptarnics 51972022 12:43 Ph4
05_Epigenormics 51872021 253 PR
06_Requlatory_Genomics 5A19/2022 12:43 PM
07_Signatures_and_Characterization 51972022 1243 PR

08_Clustering_and_Prioritization 51952022 12473 Pha
I DQ_Uariant_.ﬂ.nal}-'sisl S0 231 PR




Step 1E: Setting up the Directory

Next, enter the data directory

Labs = 09.. » w | 0 S Search 09 Variant_fnalysis

= Marme Date modified

1211 5/19/2022 12:43 PM

57232022 310 PM

results 51972022 12:43 PR




Step 1F: Setting up the Directory

This directory will contain the input and output files for several analyzes
in this lab. Note™* you will not be using every file shown in the image
below

Mo wmrnnn v daana - " " T L

Marne Date modified Ty

|| Jock_gPLIMNE 5/23/2022 334 P L

|| .metafile_gPLINE 572372022 3:34 P b

=] command-list 5A19/2022 12:43 PR Te

[ | extra.rmap 341972022 12:43 PM b

| | extra.ped 5M19/2022 12:43 Ph p

[ £ aPLIME 5/19/2022 12:43 PrA E:

[£:| Haploview 5192042 1243 PR E:

[ plink 5/19/2022 12:43 PrA A SOftwa re
| pop.cow 51942022 12:43 P C

| | wqasl.map 5/19/2022 12:43 PR b .

[ waasi.ped 5/19/2022 12:43 PM P Input files
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Step 1G: Setting up the Directory

For one last check, type in the following command to list out the
command contents of your directory. It should match with what | seen with the

prompt

(do not type)data fOlder open

—
> idir

# this is a comment (DO NOT TYPE)

# dir is the list command in windows

C:hlUsersyIGE
wolume in

c/
5/
ac /
5/
5/

1

T

ytes free

Marme

| Jlock_gPLIME
| vmetafile_gPLIMNK
-| command-list
| extra.map
| extra.ped
|£:| gPLIMK
|£:| Haploview
15| plink
| pop.cov
| wegasl.map

| wegasl.ped

-t n e s

Date modified

52372022 134 P

572372022 3:34 P

51972022 14:43 P
5192022 14:43 PM
31972022 14:43 P
5/19/2022 12:43 P
51972022 12:43 PM
51972022 14:43 P
51972022 14:43 P
5192022 14:43 PM
31972022 14:43 P

=

= = =




Step 2A: Creating a Binary Input File

Command
prompt
(do not type)

Type in the following command to call the PLINK software to create a
binary file to speed up downstream analyzes

> lplink.exe --file wgasl --make-bed --out wgas2

# plink.exe is the software
# --file - INPUT
# --make-bed (operation to perform)

# --out > Output name
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Step 2A: Creating a Binary Input File

Your screen should look similar to this

. not implemented an th
r this text to log file [
ted: Tue May 24 14:

ptions in effec

= to be lncluded from [
.ped ]
ing
phenotype

94 SNPs

ngness
iled frequenc
frequency and genoctypl
filterir g 41 control
filterin 45 females
tion to [
xtended form
e bitfile to [
SMP-major mode

D Tue May 24 14:51:5




| Jlack_gPLINK

|| .metafile_gPLINK

|J comrmand-list

|J extra.map

|:| extra.ped
(£ gPLIME
[£x Haplowiews
(] plink

|J pop.cov

| | wgasl.map
[ wgasl.ped

| | wegas2.bed

| | wgas2.birn

| | wegas? farm

= wgas2

54232022 334 PM
3832022 334 PR
51972022 12:43 P
51972022 12:43 P
51972022 12:43 PhA
510972022 12:43 P
51972022 12:43 PR
510972022 12:43 PhA
51972022 12:43 P
51972022 12:43 PhA
510972022 12:43 P
52472022 2:51 P
542472022 2:51 P
542472022 2:51 P
3842022 251 PR

Step 2B: Creating a Binary Input File

Verify in your data folder that the wgas2 files were created

LOCE_GPLIMNE File

FAETAFILE_GPLIME..,

Text Daocurnent
kAP File

PED File
Executable Jar File
Executable Jar File
Application

CO File

kAP File

PED File

BED File

Bl File

FARA File

Text Document
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1KE
1KE

3 KE

1KE

9 KE
1,758 KB
5,177 KB
3,573 KB
2 KB
6,369 KB
80,403 KE
5,137 KB
7,762 KB
3 KE

2 KB
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Step 3A: Validating the Conversion

Command
prompt
(do not type)

Type in the following command to call the PLINK software to validate
your initial output

> lplink.exe --maf 0.01 --geno 0.05 --mind 0.05 --bfile wgas2 --out validate

# plink.exe is the software

# --maf -2 minor allele frequency to 0.01 (1%)

# --geno > Maximum SNP Missingness rate to 0.05 (5%)

# --mind - Maximum individual missingness rate to 0.05 (5%)
# --bfile - binary file name

# --out > output name
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Step 3A: Validating the Conversion

Your screen should look similar to this

cell/pl

not implemented on
text to log file

ing phenotyp

Reading
Detected t
genotyping pru
found




Step 3B: Validating the Conversion

Verify in your data folder that the validate files were created
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Marre ~  Date rmodified Type Size
|J Jock_gPLIMNE 5F23/2022 234 PMA LOCk_GPLIMK File 1 kB
|j metafile_gPLIMK 5F23/2022 334 PR RAETAFILE_GPLIME... 1kE
|:] command-list 592022 12:43 PR Text Docurnent KB
| extramap 51972022 12:43 PR FALP File 1kB
|j extra.ped 5192022 12:43 P PED File kB
[£:] gPLIME 5192022 12:43 P Executable lar File 1,738 KB
[£:] Haplowiew 510972022 12:43 PhA Executable Jar File 5177 KR
[ plink 5M19/2024 12:43 P Application 3,873 KB
| pop.cov 51972022 12:43 PhA O File 2 kB
|| walidate.irern 5F24,2022 2:56 PR IRERA File 1 kB
524,202 2:56 PR Text Docurment 2 KB
|J wegasT.map 3192022 12:43 P kAP File 6,069 KB
|J wegasl.ped 5A19/2022 12:43 P PED File 20,403 KB
|J wegas2.bed 524,202 251 PR BED File 5,137 KB
|J wegas 2 bim 5F24,2022 251 PMA BIMA File 7,762 KB
|j wegas2.fam 524,202 251 PRA FakA File kB
I_] g Es s L2022 257 P Text Document kB
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Marme

| Jack_gPLINK

|| metafile_gPLINE

D cormmand-list

|j extra.map

D extra,ped
| £ gPLINE

[ £ Haplowiew
(5] plink

| pop.cov
mjualidate

Step 3C: Viewing Validation

Drate modified

52372022 3:34 P
52372022 3:34 P
51952022 12:43 PhA
5192022 12:43 PMA
51892022 12:43 PR
5192022 12:43 PhA
541972022 12:43 P
51972042 1243 PR
5192022 12:43 PhA
5/25/2022 3:49 AM

El validat—-m
|j wirgas

|j wrgas]
D wrgas?
|j wirgas2
D Wgass

D wrgas?

Print

) Share with Skype
Ea Scan with Microsoft Defender...

|5 Share

Open with...

Lk
3 PR
3 P
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Right click on the validate file and choose the Open option

Type
LOCE_GPLIME File

FETAFILE_GPLIME...

Text Docurment
RAAP File

PED File
Executable Jar File
Executable Jar File
Spplication

O File

IRERA File

Text Docurment
RAAP File

PED File

BED File

ElrA File

Fard File

Text Document

Size

1KE
1KE

3 KE

1KE

9 KE
1,758 KB
5,177 KB
3,873 KB
2 KE

1KE

2 KB
6,369 KB
50,403 KB
5,137 KB
7.762 KB
3 KB

2 KE
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Step 3D: Viewing Validation

| validate - Notepad
File Edit Format  View  Help

| (C) 2808 Shaun Purcell, GHU Gereral Public License, v2 | t f ~ 230 OOO
T e e ) ST e T T e out o ,

| For documentation, citation & bug-report instructions: |

| http://pngu.mgh.harvard. edu/purcell fplink/ | We re re m OVEd beca u Se th e
wWeb-check not implemented on this swystem... fa i | ed the MAF.

Writing this text to log file [ walidate.log ]
Analysis started: Tue May 24 18:24:57 2622

Jptions in effect:
--maf @.@a1
--geno ©.65

g 085 2728 SNPS were removed

--out validate

cesding nep Cortendes <ormst) fron [ w2 bin | because they were not

2286%4 markers to be included from [ wgas2.bim ] . . ..

Reading pedigree information from [ wgas2.fam ] t d h d d |
9@ individuals read from [ wgas2.fam ] geno ype In enoug In IVI ua S
98 individuals with nonmissing phenoctypes . . o

Assuming a disease phenotype (l=unaff, 2=aff, 8-miss) 95 /)

Missing phenctype walue i1s also -9 (m | n | m u ml 0).

49 cases, 41 controls and @ missing

45 males, 45 females, and @ of unspecified sex

Reading genotype bitfile from [ wgas2.bed ]

Detected that binary PED file is w1.88 SNP-major mode

Before frequency and genctyping pruning, there are 228694 SHPs

98 founders and @ non-founders found

Writing list of removed indiwiduals to [ walidate.irem ] 1 Of 90 ind iVid ua |S removed fo r

1 of 98 individuals removed for low genotyping ( MIND > 6.85 )

Total genotyping rate in remaining indiwviduals is @.995473 | M IVI | N D O 05
2728 SNPs falled missingness test ( GENO > 8.85 ) OW ge notypl ng > .
46834 SHPs failed frequency test [ MAF < 98.81 )

After freguency and genctyplng pruning, there are 179562 SHNPs

After filtering, 48 cases, 41 controls and @ missing
After filtering, 44 males, 45 females, and & of unspecified sex

Analysis finished: Tue May 24 19:25:01 2622
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Step 3E: Validating the Conversion

Locate the irem file

Marme

| lack_gPLIMK

|| \metafile_gPLINK
D cormrmand-list
D extra.map

D extra,ped
[ £ gPLIMEK

[ Haplowiew
(5] plink

D wgasl.map
D wgasl,ped
D wgas2.hed
D wgas 2, birm
D wwgasd.farm
=] waqas?

~  Date modified

54232022 334 PM
3832022 334 PR
510972022 12:43 P
51972022 12:43 P
3192022 12:43 P
510972022 12:43 P
51972022 12:43 P
51972022 12:43 PhA
510972022 12:43 P
52472022 2:56 P
54242022 2:56 P
510972022 12:43 P
51972022 12:43 PR
542472022 2:51 P
542472022 2:51 P
3842022 251 PR
542472022 2:51 P

Type
LOCE_GPLIME File

MAETAFILE_GPLIME,.

Text Docurment
hALP File

PED File
Executahle Jar File
Executable Jar File
Application

COW File

[RERA File

Text Docurment
bAAP File

PED File

BED File

ElrA File

Fakd File

Text Docurment
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Size

1KE
1KE

KB

1KE

9 KE
1,758 KB
5,177 KB
3,573 KB
KB

1KE

2 KB
6,560 KB
50403 KB
5,137 KB
7.762 KB
3 KE

2 KB

25



Step 3F: Validating the Conversion

Right click on validate.irem and choose the Open with... option

|| Jack_gPLIME
|| .metafile_gPLINK
=] command-list
|| extra.rnap

| | extra.ped

[£)] gPLINK

|£: Haploview
[8=] plink

| | pop.cov

j validate

=] walidate

| | wagasl.map

| | wgasl.ped

| | wgas2.bed

|| wgas2.bim

| | wgas2.fam

=] wgas?

5/23/2022 2:34 PM
5/23/2022 2:34 PM
5/19/2022 12:43 PM
5/19/2022 12:43 PM
5/19/2022 12:43 PM
5/19/2022 12:43 PM
5/19/2022 12:43 PM
5/19/2022 12:43 PM
5/19/2022 12:43 PM
5/24/2022 7125 PM
5/24/2022 7125 PM
5/19/2022 12:43 PM
51942022 12:43 PM
572442022 724 PM
572442022 724 PM
572442022 724 PM
572442022 724 PM

LOCK_GPLIME File

FAETAFILE_GPLIMK...

Text Docurment
MAAP File

PED File
Executable Jar File
Executable Jar File
Application

CO File

IRERA File

Text Document
RALP File

PED File

BED File

EltA File

FaufA File

Text Docurnent

TEE
TEE
IEKE
TEE
QKB

1,758 KB

SA77ER

3,873 KB
2KB
TER
2K Open

6,960 K Edit

20,403 K B Share with Skype

5137 K] Ea Scan with Microsoft Defender...

TIELE |

i e

2K

Give access to >

Restore previous versions

Send to >

Cut
Copy

Create shortcut
Delete

Rename

Properties
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Step 3G: Validating the Conversion

Next, select More apps and choose the Notepad software

+  How do you want to open this file?

- Look for an app in the Microsoft Store

'I More apps -\ I

&/ Always use this app to open .irem files
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Step 3H: Validating the Conversion

Lastly, select the Notepad software

How do you want to open this file?

E Internet Explarer A
5 Notepad

@ Paint

ik RStudio

&/ Always use this app to open .irem files

oK
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Step 3I: Validating the Conversion

You should see the following:
JA19012 NA19012

The family ID is JA19012 (Japanese) and the individual ID is NA19012.
This individual was removed because of a low genotyping rate.

File Edit Format  Wiew Help
JA19B12 NA19G12




Quality Control Analysis

In this exercise, we will perform Quality Control Analysis (QC) to filter our data
according to a set of criteria.
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Quality Control Filters

The validation tool will impose the following criteria on our data.

filter

Minor Allele Frequency
(MAF)

meaning

The proportion of the minor allele
to the major allele of a SNP in the
population must exceed this
threshold for the SNP to be included
in the analysis

threshold

1%

Individual Genotyping rate

The number of SNPs probed for an
individual must exceed this
threshold for the person to be
analyzed.

95%

SNP genotyping rate

The SNP must be probed for at least
this many individuals.

95%




Step 4A: Quality Control Analysis

Command
prompt
(do not type)

Type in the following command to call the PLINK software to perform
the Quality Control (QC) analysis

> lplink.exe --maf 0.01 --geno 0.05 --mind 0.05 --bfile wgas2 --make-bed --out

wgas3

# plink.exe is the software

# --maf -2 minor allele frequency to 0.01 (1%)

# --geno > Maximum SNP Missingness rate to 0.05 (5%)

# --mind - Maximum individual missingness rate to 0.05 (5%)
# --bfile - binary file name

# --make-bed (operation to perform)

# --out > output name
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Step 4A: Quality Control Analysis

Your screen should look similar to this

--geno --mind --bfile wga --make-bed --out wga

t i
urcell/plink/

not implemented on thi
xt to log file [
ed:

"~ maode
e 2

¢ information to [
genotype bitfile to [ wgas3.bed ]
SHP-major mode

hed: Tue May 24 15;:




[ ] Jlock_gPLINK

|| \metafile_gPLINK

5/23/2022 3:34 PM
52372022 3:34 Ph

—L d | P N
|_'] carmman Type: METAFILE_GPLIME File

D extra.map
D extra.ped

Size: 147 byytes
Date modified: 5/23/2022 3:34 PR

£10/2022 12:43 PM
h 072022 12:43 P
19/2022 12:43 PM

[£] gPLIME

[ £ Haplowview
[ plink

D pop.coy
ijalidate
D walidate
D wegasl.map
D wgas].ped
D wgasd.bed
D wegas 2. birm
D wegas2.fam

= wHaSE

D wegas3.bed
D wigas3.birm
D wgas3.farm
Mngaﬂ
|:] wigass

5192022 12:43 PM
51972022 1243 P
3192082 12:43 PM
5192022 12:43 PM
S2472022 2:56 P
5/24/20282 £:56 P
51972022 12:43 PM
51972022 1243 P
3842082 £:51 P
52402022 2:51 PM
Sf2472022 £:57 Ph
3842082 £:51 P
52402022 3:03 PM
5/24/2022 2:03 PM
5242082 3203 PM
Sf2dr2022 3:03 P
5/24/2022 2:03 PM

Step 4B: Quality Control Analysis

LOCE_GPLIMK File

MAETAFILE_GPLIME...

Text Docurment
FAAP File

FED File
Executable Jar File
Executable Jar File
Spplication

COW File

IRERA File

Text Docurnent
FAAP File

FED File

BED File

Elrd File

Fard File

Text Docurnent
BED File

EIrA File

Fakd File

IRERA File

Text Document
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Verify in your data folder that the wgas3 files were created

1kKB
1KE
KB
1kKB
9KE
1,758 KB
57T KR
3,873 KB
2 kB
1KE
KB
6,260 KB
80,403 KB
5,137 EE
7 Tal KB
kB

2 KB
4,034 KB
6,089 KB
KB
1KE

ER
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Genome-Wide Association Test
(GWAS)

In this exercise, we will perform a GWAS on our filtered data across two
phenotypes: a case study and control. We will then compare the results between
unadjusted p-values and multiple hypothesis corrected p-values.
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Step 5A: GWAS

Command
prompt
(do not type)

Type in the following command to call the PLINK software to test for
associations and adjust for multiple testing

> lplink.exe --bfile wgas3 --assoc --adjust --out assocl

# plink.exe is the software
# --bfile - binary file name
# --assoc (operation to perform, here association testing)

# --adjust (operation to perform, here adjust p-values due to multiple

testing)

# --out > output name
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Step 5A: GWAS

Your screen should look similar to this

not implemented
is text to log

Detected th 2in: i .88 SNP-major mode
Before frequen g runi there are




Step 5B: GWAS

[ Jlack_gPLINK

retafile_gPLIME

@) assocl

D assocl.assoc.adjusted

D assoc]

comrmand-list

D extra.map
D extra.ped
|| gPLIME

| £ Haplowiews
[ plink

D pop.cov
Mjlvalidate
D validate
D wgasl.map
D wgasl.ped
D wigasd.bed
D wgasd.birn
D wgas.farn
D wgasd

D wgasdbed
D wgasdbim
D wgasdfam
Mngaﬂ

D wwgasd

5232042 134 PM
5232042 134 PM
572472022 3:06 Ph
572472022 3:06 PM
542472022 3:06 P
54192022 12:43 PrA
371972022 12:43 PM
511972022 12:43 PM
511952022 12:43 P
54192022 12:43 P
541972022 12:43 P
54192022 12:43 PhA
372472042 258 PM
372472042 258 PM
511952022 12:43 PM
511952022 12:43 P
52472082 251 P
542472082 251 P
542472022 251 P
372472082 2251 PM
52452042 303 PM
52454042 303 PM
5424720282 303 PM
5424720282 303 PM
572472022 303 P

LOCK_GPLIME File
FAETAFILE_GPLIMI...
ASS0C File
ADIUSTED File
Text Document
Text Docurment
&P File

PED File
Executable Jar File
Executable Jar File
Application

COW File

IREM File

Text Document
AP File

PED File

BED File

Blkd File

Fahd File

Text Document
BED File

Bk File

Famd File

IRER File

Text Docurment

Polymorphism and Variant Analysis | Saba Ghaffari | 2020

Verify in your data folder that the assocl files were created

1KE
1KE
17,010 KB
18,763 KB
KB

KB

1KE
KB
1,758 KB
5177 KB
3,873 KB
2KB

TKE
2KE
6,269 KB
80,403 KB
5,137 KB
7762 KB
ERAC

2KE
4,034 KB
6,039 KB
KB

1KE
KB
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Step 6: GWAS Without Multiple Hypothesis
Correction

The SNP p values from our GWAS with no multiple hypothesis correction are
located in the 9t column of assocl.assoc.

You can inspect this file by Right Clicking it and selecting Open with... and
selecting the Notepad software. Open in Excel if you want to sort by p-value.

Overall, 13,294 SNPS survive at p value of 0.05 WITHOUT Multiple Hypothesis
Correction.

The few top SNPs are shown below, after using the unix sort, awk, and head

commands.

SHP
rs2513514
rsell@115
rs2588756

rs1e87eras
rs117284885
rs16918858
rs1195747
rs7 287895

I=

£ D= = Im £ D= (M) D=
D=

I s T T - Y o TR TR T 6
(3]

P =

L LA

=

o=

(1= = R
n
o A
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Step 6: GWAS Without Multiple Hypothesis
Correction

The SNP p values from our GWAS with no multiple hypothesis correction are
located in the 9t column of assocl.assoc.

You can inspect this file by Right Clicking it and selecting Open with... and
selecting the Notepad software. et —

File Edit Format ‘iew Help
o s e e | cHR SNP BP AL F_A FU A2 CHISY P OR
. 1 rs3694315 792429 G ©.1489 ©.68537 A 1.684 §.1944 1.875
] lock_gPLINK 5/23/2022 3:34 PM LOCK_GPLINK File 1KB 1 rededssly 819185 G ©.1354 0.85537 A 1111 52015 1578
] metafile_gPLINK 572372022 3:34 PM METEFILE_GPLINK... 1KB 1 rs4B75116 1843552 C @.84167 ©.67317 T 0.8278 5.3629 8.5567
] assocl 542442032 3:06 PM ASSOC File 17,010 KB 1 rs9442385 1137258 T 8.3723 8.4268 G 9.5428 8.4613 9.7966
| sssoct.assoc.adjusted 542472002 3:06 FM ADJUSTED File 18,769 KB L rs11268562 1265233 A 6.82174 8.63659 G @.3424 ©.5585 @.5852
. 1 rs6685@64 1251215  C  @.3854  @8.43% T 8.5253 8.4586 2.8813
=l assor 3/24/2022 3:06 PN Text Docurnent I KB 1 rs37661868 1563428 T @.1771 0.89756 2.317 0.128 1.991
=| command-list 5/19/2022 12:43 P Text Document 3KB 1 rs6eE3791 1586208 A& @.1771 ©.88537 G 3.189 8.67413 2.306
] extra.nap 5/19/2022 12:4% PM MAP File 1KB 1 rs7519837 1596868 C  ©.1702 ©.88537 T 2.775 5.89573 2.198
| sxtraped 5/19/2022 12:43 PM PED File akB 1 rs3737628 1755894 T @.5184  @.4756  C 8.2143 5.6434 1.149
P TYNRTIAIN  Eiblelafle 153K I resesss  meast ¢ oiws eais 1 wam  Joees | e
£ Haploview /1820221243 P Executable Jar File LVITKE 1 rs6EE3893 1844856 0 A £.4894  @.5122 G 5.09133 5.7625 5.9127
(5 plink 3/19/2022 12:43 PM Application 3,873 KB 1 rs28e3285 1826531 A @.1354 ©.83537 G 1.111 6.2919 1.678
| pap.cov 5/19/2002 12:43 PM COVFile KB 1 rs7513222 2960863 G ©.4479 @.3415 A 2.99 5.1482 1.565
1 rs3167146 2079746 T ©.83125 ©.88537  C 2.443 8.1181 8.3456
1 rs3167157 2094131 T @.1979 @.1951 C 8. 002187 8.9627 1.818
— i o do oot toepen s 1 rs3753242 2181843 C  @.3542 @.3%82 T 8.2467 5.6194 8.8569
" @ swesihsope L 1 rs38539 2109571 G ©.2083 @.1463 A 1.153 5.283 1.535
ot | € R | 1 rs2202857 2138686 A @.8625 ©.86098 G 8.091773 5.9664 1.827
1 1 rs626479 2142422 A ©.2083  ©.1585 G 9.7261 ©.3941 1.397
e ; 1 rs262688 2199311  C  @.3438 @.4e24 T 8.6529 5.4191 8.7778
i b o 1 rs16824948 2218382 T ©.98333  ©.125 C 9.8251 5.3637 8.6364
[ S 1 rsl2884736 2221742 T @.3958 @.4146 C 8. 8649 5.7989 8.9249
copy i 1 rsl2@45693 2237743 C  @.4167 @.4756 A 9.6225 5.4381 9.7875
Cruteshortae [ 1 1 rs21323@3 2255428 T @.2883 @ 1898 C 3.151 ©.87587 2.13%
o | [ 4 1 rsl496555 2266413 A @.2292  ©.122 G 3.448 3.96334 2.141
! 1 vy s s st open el 1 rs2645872 2312585 A £.87202 8,122 C 1.231 8.2672 8.5663
1 rs7527871 2313888 C  @.4271 @.4024 A 9.1166 5.7395 1.167
- 1 rs2848528 2316858 G @.4348 @.4756 A 8.2915 5.5892 B.8481

Overall, 13,294 SNPS survive at p value of 0.05 WITHOUT I\/IultipIeH_ypothesis
Correction.
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Step 7: GWAS With Multiple Hypothesis
Correction

The SNP p values from our GWAS with multiple hypothesis correction
are located in the 9% column of assocl.assoc.adjusted.

You can inspect this file by Right Clicking it and selecting Open with...
and selecting the Notepad software

Overall, only 4 SNPS!!! show a FDR Correction of less than 0.1

CHR SNP UNADJ GC BONF HOLM SIDAK S5 SIDAK 5D FDR_BH FDR_BY
11 rs2513514 4.693e-007 7.131e-006 0.08427 0.08427 0.08081 o.08081 0.06378 O.8084|
20 rs6110115 7.103e-007 9.5938e-006 0.1276 0.1275 0.1198 0.1198 0.06378 0.8084
11 rez250875¢ 2.105e-006 2.373e-005 0.3738 0.37759 0.3147 0.3147 0.0938 1
15 rsle976702 2.183e-006 2.443e-005 0.392 0.392 0.3243 0.3243 0.093 1




Visualization

In this exercise, we will generate a Manhattan Plot of our association results using
Haploview from the Broad Institute.
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Step 8A: Configuring Haploview

Bast match
p haploview
See web resuhts

Haploview
=]

Search the web

Open Haploview from Search. | ==

P haploview mac

>
>
>
£ haploview ped >
£ haploview data >
2 haploview plot >
2 haploview linux >

Documants

Click PLINK Format e—. e

N\ =
N\ D

Cpen new data

Linkage Format

HapMap Format Locus Information File:
HapMap PHASE / .
¥ Chromosaome Do assodation test
HapMap Download . O
A
PLINK Format i@ Family trio data Case/Control data
i@ Standard TOT ParenTCT
Test list file {optional): Browse
Ignore pairwise comparisons of markers = | 500 kb apart.

Exdude individuals with = |50 %6 missing genotypes.

[ Ok H Cancel Proxy Settings
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Step 8B: Configuring Haploview

Click on Browse next to Results File:

Welcome to HaploView

Linkage Format
Haps Format
HapMap Format
HapMap PHASE
HapMap Download
. PLINK Format |

Results File:

Map File:

Exclude individuals with = 50

[] Integrated Map Infa

[]only load resulks From Chromosame

Ignare pairwise comparisons of markers = 500

Browse

Browse

[] Mon-SP

[] select Columns

kb apart.
“a Missing genokypes,

Zancel Proxy Setkings




Step 8C: Configuring Haploview

Navigate to the directory saved the file assocl.assoc. It should be saved in
the data sub folder in the 09_Variant_Analysis folder
Lookin: | | data - ¥ - El"
r || Jock_gPLIME || validate
;B" || .metafile_gPLIMK || wgasl.map
Recent Thems || .pversion || wgasl.ped
assocl || wgas2.bed
|| assocl.assocadjusted | | wgas2.bim
! || assocl.gplink || wgas2.fam
Desktop || assocl || wgas2.gplink
|| command-list || wgas2
|| extra.map || wgas3.bed
| || extra.ped || wgas3.bim
Documents || gPLIME || wgas3.fam
|| Haploview || wgas3.gplink
- L || OGLdpf || wgas3.irem
= =7 plink || wygas3
Computer || pop.cov
|| walidate.gplink
M
Q_L\ File name: assocl.assoc Sy Cpen
NEtork  Files of type: [ all iles e

Select assocl.assoc and click Open.
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Step 8D: Configuring Haploview

Click on Browse next to Map File: o .
Open new data
Linkage Format
Haps Format
HapMap Format Results File:  |iant_Analysis\data'assocl.assoc
HapMap PHASE |
Map File:
HapMap Download ap e
PLINK Format [] Integrated Map Info [ ] Mon-SNP
[] Only load results from Chromosome [7] select Columns
Ignore pairwise comparisons of markers > |500 kb apart.
Exdude individuals with = | 50 %% missing genotypes,
[ QK ] [ Cancel Prowy Settings
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Step 8E: Configuring Haploview

Navigate to the data directory containing wgasl.map

Lookin: | |, data v| ¥ 2
0 || Jock_gPLIME || validate
,;By ] .metaflle_gPI_INK . wgasl.map
Recent Ttems || -Pversion || wgasl.ped
|2 assocl || wgas2.bed
|| assocl.assoc.adjusted || wgasd.bim
! || assecl.gplink || wgas2.fam
Desktop | assocl || wgas2.gplink
| command-list | wgas2
|| extra.map || wgas3.bed
i || extra.ped || wgas3.bim
Documents |5 gPLIME || wgas3.fam
|| Haploview || wgas3.gplink
L || OGLdpf || wgas3.irem
LR [ plink || wgas3
Computer | | pop.cov
|| validate.gplink

=
L' File name: wgas 1.map -
.

Open
Netork  Fiesof type: [l Fies -

-

.

Select wgasl.map and click Open. &
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Step 8F: Configuring Haploview

Click on OK.

Welcome g HaploView

Linkage Format
Haps Formt
HapMap Format Resulks File:  |iank_analysisidatalassocl, assoc Browse
HapMap PHASE
Map File: | ariant_aAnalysisidatalwgasl.ma Browse
HapMap Download P finalysisidatalig P
PLINK Format []Irtegrated Map Infa [ ] Mon-SHP
[] ©nly load results from Chromosome [] select Columns
Ignore pairwise Comparisons of markers = |S00 kb apart.

Exclude individ®als with = (50 | 9% missing genokypes.

(o] 4 Cancel Prosey Settings




Step 8G: Configuring Haploview

Your asssocl should be shown in Haploview in tabular format.

PLINK |

CHROM MARKER.  POSITIOM Al F_A F U AZ CHISQ P OR
rs3094315 (792429 G 0.1439 0.08537 1.684 0. 1944 1.875
red040617 (819185 G 0.1354 0.08537 1,111 0.2919 1.678
redd75116 (1043552 |C 0.04167  [0.07317 0.8278 0.3629 0.5507
T
A

rs9442385 (1137258 10,3723 0.4263 0,548 0.4513 0.7966
rs11260... (1205233 0.02174  [0.03659 0.3424 0.5585 0.5852

MRIEIEEE

b | b | | |

-Viewing 179562 results

Chr: | v: Start kb End kb: Filter: v: v:
Spedfy Marker: Prune Table Remove Column: | -

Load Additional Results ] [ Combine P-Values ] [ Plut‘] [ Reset ] View Active Filters

[ Go to Selected Region |'.
&

S

To create a Manhattan Plot, click Plot
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Step 8H: Configuring Haploview

Select
Select P for Y-Axis

Select

Click OK e&— """

for Y-Axis Scale

for X-Axis

h.—l—.-. >

Plot Options

e

Title: |GWAS

¥-Axis: |Chromosomes -

¥-Axis: (P

Suggestive (Blue Ling) | = »
Significant (Red Ling) | >
Data Point Size: | Small

| Show Gridiines  Width: |750

\.

Scale: |Untransformed

- Scale: |Hogl0 [ -

..................................

w» | Color Key:
Height: | 300

Export to SVG: Browse

[ K ]| Cancel

Polymorphism and Variant Analysis | Saba Ghaffari | 2020

50




Step 9: Manhattan Plot

Haploview then should generate the following Manhattan Plot

GWAS

6.5
5.0 -
55 4

5.0

-log1 0(P)

e Chrl s Chr2 omes Chrd o= Chrd s Chrd wess Chrh wess Chey o ossss ChrS s Chrd s Chrl 0o s Chrl ] omess Chel 2 s Chel 3 omess Chrl 4
e ChTs Emm CHETE e ChHE T o Chrl 3 o Chel 9 s Chr20 s Chr?lo s Chr22
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