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Looks for variation in genome
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Human Genetic Diversity

Slight differences in DNA sequences
Mutation

Ne
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Genetic Variants

e.g. SNP- Single Nucleotide Polymorphism AI CICI; A ;I AICI ;IG
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Variants

Nz

DEBC
7N\
e.g. 185delAG variant in BRCA1 gene e.g. A F508 variant in CFTR gene
e.g. factor V Leiden variant in F5 gene

Genotyping DNA Sequencing
probes to detect .
variants of interest exact sequence of continuous DNA

SN

Detection

DNA microarrays HMOOHAMEAKN




DNA Microarray

~ Gene Expression
~ Genotyping

*Note:

Different types of
DNA microarrays!



Microarray
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Sample 1 Sample 2

I RNA extraction I

G oY

Fluor'esc.ence
Labelling



Microarray
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Sample 1 Sample 2
I RNA extraction I
Cy3 Syrct:‘l'hesis & Cy5

Fluor'esc.ence
Labelling



Microarray

Sample Preparation

Ex

LN




Microarray

Oligonucleotide
) Probe

Gene X



Microarray

Gene X

Oligonucleotide
) Probe




Microarray

Gene X Conclusion:

Gene X is expressed in Sample 1
Gene X is not expressed in Sample 2

Oligonucleotide
Probe




Microarray




Microarray

Gene Y %A
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Gene Y




Gene Y

Microarray

Conclusion:

Gene Y is not expressed in Sample 1
Gene Y is expressed in Sample 2

Gene Y



Microarray

Conclusion:

Gene Z

Gene Z is expressed in Sample 1 and in Sample 2




Microarray
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DNA Sequencing

The Human Genome Project
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Next Generation Sequencing (NGS)

1 Day

Entire Genome

GGTGAAAGAGGCCATATTAGCTAGGCTGAATTTTTGCTCA

AAGAGGCCATATTAGCTA
TA
CATATTAGCTA

TCAAAGAGGCCATATTA
TTAGCTA

ATTAGCTA

CTCAATTTTTECTCA
CTGAATT

CTCAATTTTT
CTCAATT



Next Generation Sequencing (NGS)
Number of DNA Strands Sequenced

NGS Sanger Sequencing
One Strand

Billions of Strands

GGTGAAAGAGGCCATATTAGCTAGGCTGAA

GGT®
66TG

GGTGA®

GGTGAA®

GGTGAAA® ‘
GGTGAAAG |
GGTGAAAGA® . |
GGTGAAAGAG -

GGTGAAAGAGG
GGTGAAAGAGGC®
GGTGAAAGAGGCC®
GGTGAAAGAGGCCA®
GGTGAAAGAGGCCAT®
GGTGAAAGAGGCCATA®




Next Generation Sequencing (NGS)

Human Genome Project —— Human Re/fer'ence DNA

TCAAAGAGGCCATATTA
AAGAGGCCATATTAGCTA

TTAGCTAGGCTCAATTTTT
ATATTAGCTAGGCTGAATTT

CATATTAGCTAGGCTGAATT

TAGGCTCAATTTTTGECTCA

\\\
\\\
\\
N
) /

Billions of Strands Sequencer Sequences



Next Generation Sequencing (NGS)

Human Genome Project —— Human Reference DNA

AAGAGGCCATATTAGCTA
TA

CATATTAGCTA
TCAAAGAGGCCATATTA

TTAGCTA

ATATTAGCTA

/

CTCAATTTTTECTCA
CTGAATT

CTCAATTTTT
CTCAATTT



Next Generation Sequencing (NGS)

DNA RNA




Next Generation Sequencing (NGS)

DNA/RNA Purification

Blood

Purification column

A

Animal Tissues

Pure

A26O/A280:1°7 to 1.9
Undegraded

Pure

A260/A280:1 8 to 2.0

Undegraded

e




Next Generation Sequencing (NGS)

RNA is Reverse Transcribed

RNA

Adapter




Next Generation Sequencing (NGS)

Library Preparation

DNA

LT
Enzymis( L ". 2%

M _ Fragmen’rs\m




Next Generation Sequencing (NGS)

Library Preparation

DNA

AR

|
g Lo S

n 2 W

Information needed for sequencing



Next Generation Sequencing (NGS)

Library Preparation

. it PCR

[T [T
[T IO
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Next Generation Sequencing (NGS)

Library Preparation

High Enough
Concentration
A

~
)
o0&
- > Size
et
S 2
g
+
<
H.

——

Size (bp)
/
—'_‘

TapeStation



Next Generation Sequencing (NGS)

Illumina
Sequencing by Synthesis (SBS)

Flow Cell

Match Adapter Sequence
Surface



Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Library

ldenaTured

\ J o Oligonucleotide

Single DNA
Strands

Flow Cell

Match Adapter Sequence
Surface



Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Forward Strand




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Signal Too low
for Detection




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Clonal Amplification
PCR at a Single Temperature

/ Amplified o
From Clusters

Annealing
Extension

Melting

o /
/

Changing the Flow
Cell Solution



Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Clonal Amplification
PCR at a Single Temperature

Annealing
Extension

Melting




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Clonal Amplification
PCR at a Single Temperature

Annealing
Extension

Melting




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Clonal Amplification
PCR at a Single Temperature

Annealing
Extension

Melting




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Clonal Amplification
PCR at a Single Temperature

Annealing
Extension

Melting




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Clonal Amplification
PCR at a Single Temperature

Cluster

Annealing

Extension

Melting




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Forward Strand Sequencing Primer

Fluorescent
Nucleotides

G c?
T® A?



Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

* Fluorescent Tag




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

* Fluorescent Tag
« Terminator

One Nucleotide




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

* Fluorescent Tag
« Terminator




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

. Read Sequence




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

. Read Sequence

Fluorescent
Nucleotides

G c?
T® A?



Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Single Read
Sequencing Ends




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Paired Read

Second Index
Reverse Strand




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Paired Read

Second Index
Reverse Strand

Unique Dual Indexes
384 samples/flowcell




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Paired Read

Second Index
Reverse Strand




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Paired Read

Second Index
Reverse Strand




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Paired Read

Second Index
Reverse Strand




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Paired Read

Second Index
Reverse Strand




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)

Paired Read

Second Index
Reverse Strand




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)




Next Generation Sequencing (NGS)

Sequencing by Synthesis (SBS)




Filtering and Mapping

Non-Patterned
Flow Cell

Overlap

ead or Lag

Patterned Flow Cell !

Low MR
Intensity HOSEHEEHIINE
'...

™ More Than One

—_— Library




Filtering and Mapping

TAGGCTCAATTTTTGCTCA
AAGAGGCCATATTAGCTA

TCAAAGAGGCCATATTA ATATTAGCTAGGCTGAATTT

CATATTAGCTAGGCTGAATT

TAGGCTCAATTTTTECTCA TTAGCTAGGCTGAATTTTT
CATTAGCTAGGCTGAATT

Demultiplexed

Sample 1 Sample 2 Sample 3

ATATTAGCTAGGCTCAATTT TAGGCTCAATTTTTGECTCA TTAGCTAGGCTCAATTTTT
AAGAGGCCATATTAGCTA CATATTAGCTAGGCTGAATT CATATTAGCTAGGCTGAATT



Paired End Sequencing

Filtering and Mapping

AAGAGGCCATATTA

CATATTA

CTA

Reference Genome

[TA

CTCAATTTTTLCTCA

TA

| CCTCAAAGAGGCCATATTA

TTA
ATATTA

_~ Longer Stretches

> Greater Confidence

CTA
CTA

CTCAATT

CTCAATTTTT
CTCAATTT



Filtering and Mapping

AAGAGGCCATATT

CATATT
TCAAAGAGGCCATATT
TT

ATATT

CTA
TA

CTA

CTA
CTA

Bx

Reference Genome

CTCAATTTTTLCTCA
CTCAATT

CTCAATTTTT
CTCAATTT

Read Depth



Filtering and Mapping

Reference Genome

/

.................. GGTGAAAGAGGCCATATTAGCTAGGCTGAATTTTTGCTCA...................

AAGA

TCAAAGA

WGES — 30x

Cancer
Rare —— 1500x
Mutations

qATATTATA
TA
CRTATTALLTA
dchUTATT
TTACLTA

NWTATTACLTA

3x Bx

CTCAATTITTGCTCA
CTCAATT

CTCAATTT
CTCAATTT

2 X

l

3.3x Average Read
Depth



Filtering and Mapping

Reference Genome

AAGAGGCCATATTAGCTA
TAGGCTCAATTTTTGCTCA

CATATTAGCTAGGCTGAATT

TCAAAGAGGCCATATTA
TTAGCTAGGCTGAATTTTT

ATATTAGCTAGGCTGAATTT

Average Read Depth of a

Coverage Specific Region on DNA



How is NGS Used?

= ﬁ <
= 8

Diagnosis Treatment
Cancer Rare Disease Guidance for Cancers/Disease

Research
Ecology

Botany
Medical Science



How is NGS Used?

Protein Binding Whole Transcriptome

Targeted (ChIPSeq)

Genes

Methylation
RNA

W\

Targeted )
Genes Smgle Cells

cfDNA

Exome

Whole Genome

Single Cells

Non-coding RNA
(MiRNA & INcRNA)



Monogenic Diseases

~ SINGLE variants in SINGLE genes
~ RARE \/

~ RUN in FAMILIES W
~ MUTIPLE AFFECTED MEMBERS

~ EARLIER AGE of DISEASE

AUTOSOMAL AUTOSOMAL

Of@{) § .'.Z N e




Complex conditions

o é ~ MOST COMMON CONDITIONS
veE' ~ MANY genes with MANY — POLYGENIC
| variants

<3( >0 I
{240 ) %é ?i | A

impact

O M M o u
§¢ &6 ¢ %

Individual
Very SMALL i
Effect




oy e.g. High Cholesterol levels

J © *FAMILIAL
- hypercholesterolemia

~ MONOGENIC CONDITION

1“ LDL _ Single variant in one
& of several genes
Heart

Disease ~ AUTOSOMAL DOMINANT ID]]IIIE ]]]]IDI'I
- IRisk \

=0
Aiibh oo Abeiddiid o0



VARIABLE
Expressivity

Non-penetrance

SAME variant
causes DIFFERENT Variant does not

levels of Severity / cause high cholesterol

L

1 2
B B8

g6 BR @6




Monogenic Diseases

Variants in a single gene are enough to
cause disease

Same variant passed down through a family
but can be expressed differently in
different members

Same disease can be caused by different
variants in different genes in different
families




Genetic Environmental Lifestyle

g8 Bp ¢8
LT

i 3 |
‘e

*

Cholesterol




Complex Conditions

0 Cluster in families

@ Don't follow an specific inheritance pattern

0 Have a genetic component — Polygenic

(100s to 1000s of variants in many
genes)



Genome-wide Association Studies
(GWAS)

* Determines relative contributions of variants

2
e.g. high cholesterol Polygenic Score ~ Encourage healthy choices
— ~ Early screening

e 6 o o ) .
(or relative risk) ~ Close monitoring
olHHone
'n‘ T Common

15 -

e.q. normal cholesterol )
g Variants
10 4 i

® 6 o o ]
L e " °°° S °
. . . 5 - ° o 0 ® oo e ® ] -.= - ®
@ o 02 o ° ®
0_
' ; : r 1 © ~N ©® o O — N ™ <% I0ON®DNOC
Chromosome

logo(P)




-logio(P)

=

Chromasome

GWAS Data Generation

v

v

a
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Plink format 1

FAM file - one row per individual
BIM file - one row per SNP

BED file - one row per individual - genotype calls for
each individual for all SNPs - binary format

FAM and BIM fie are human readable while BED file is
not
‘plink -file raw-GWA-data -make-bed -out raw-GWA-data’



o O1h W

FAM file - one row per individual

* fam

FID 1ID PID MID Sex
1 1 0 0 2
2 2 0 0 1
3 3 0 0 1

- QO = U

FID: Family iD

IID: Within-family ID (cannot be ‘0)

PID: Within-family ID of father ('O’ if father isn't in dataset)

MID: Within-family ID of mother ('O’ if mother isn't in dataset)

Sex: '1' = male, '2' = female, 'O’ = unknown)

P: Phenotype, ‘1' = control, '2' = case, '-9'/'0'/non-numeric = missing data if case/control



cohwn

BIM file - one row per SNP

*.bim

Chr SNP GD BPP Allelel Allele 2
1 rsl 0 870000 C T

1 rs2 0 880000 A G

1 rs3 0 890000 A C

Chr: Chromosome code (either an integer, or 'X'/'Y'/'XY'/'MT'; 'O’ indicates unknown) or
name
SNP: Variant identifier
G6D: Position in morgans or centimorgans (safe to user dummy value of '0)
BP: Base-pair coordinate (1-based; limited to 23!-2)
Allele 1: corresponding to clear bits in .bed; usually minor)
Allele 2: corresponding to set bits in .bed:; usually major)



Plink format 2

rsl

CcT
o0
CC

rs2

AG
AA
AA

*.PED file
(one row per individual)

FID IID PID MID Sex P

1 1 0 0 2 1

2 2 0 0 1 0

3 3 0 0 1 1

1. FID: Family iD

2. IID: Within-family ID (cannot be ‘0')
3.

oo

PID: Within-family ID of father ('0' if father

isn't in dataset)

MID: Within-family ID of mother ('O' if

mother isn't in dataset)

rs3

AC
AC

Sex: 'l' = male, '2' = female, 'O’ = unknown)

P: Phenotype, ‘1’ = control, 2’ = case, '-

9'/'0'/non-numeric = missing data if

case/control

wnN

* MAP file
(one row per SNP)

Chr SNP GD BPP
1 rsl 0 870000
“ 1 rs2 0 880000
1 rs3 0 890000

Chr: Chromosome code (either an integer,
or 'X'/Y'/'XY'/'MT'; '0" indicates unknown)
or name

SNP: Variant identifier

GD: Position in morgans or centimorgans

(safe to user dummy value of '0’)

BP: Base-pair coordinate (1-based;
limited to 231-2)



Why Do We Need Quality Control?

SNP 1

AA

AB

BB

500

1000

In an ideal world...

Our sampling practices would be perfect
Our experiments would run perfectly

And all our SNP genotypes would look like
this



Why Do We Need Quality Control?

Large-scale experiments generate true results with a certain error rate

Errors might originate at various steps in the processes:

v’ Sample selection related issues

v' Cryptic relatedness

v Population structure
v Sample handling related issues '

v' Labeling/Plating Error '
v' Genotyping array related issues \

v’ Genotyping error

v' Batch effect related issues
v' Difference in results due to difference in sample processing



Why Do We Need Quality Control?

a,
AA
f AB
o
C
AA
&l AB
L A
S -,
| BB2 7 BB
* ¥ e.‘i.ﬁéé'&»' p

bf<

VVVVVVVV

We don't live in an ideal world...



Example: German MI family study Affymetrix 500K Array Set SNPs on chips: 493,840

ML Tl W7 L YT -5 il I T s T




Sample QC

Discordant sex information
High Missingness

Excess or deficiency of
heterozygosity

Duplicate or related

Divergent ancestry
Batch Effects

QC Roadmap

SNP QC

Low minor allele frequency
Missingness
Differential missingness

Hardy-Weinberg outliers

Every marker removed from a study is potentially an overlooked disease association and thus the impact of
removing one marker is potentially greater than the removal of one individual.

Implementing QC on a ‘per-individual’ basis prior to conducting QC on a ‘per-marker’ basis fo maximize the
number of markers remaining in the study.



Gender Check (Genotype Data)

It is useful to begin by using genotype data from the X-chromosome to check for discordance with
ascertained sex and thus highlight plating errors.

These are investigated o ensure that another DNA sample has not been genotyped by mistake.

X Chromosome Y Chromosome

PAR1 PAR1

o) Pseudo-autosomal regions, PAR1, PAR2, are homologous sequences of
oreees ;;‘ nucleotides on the X and Y chromosomes.

SHOX ////

ch;ggﬁ Centromere

o sz Males only have one copy of the X-chromosome they cannot be

s j/ i | .,iﬁ”%yé | heterozygous for any marker not in the pseudo-autosomal region
AKAP17A |

ASHT | of the ¥ chromosome.

DHRSX
ZBED1
CD99
XG

Expects: Male samples to have a homozygosity rate around 1
Females to have a homozygosity rate less than 0.2

PAR2



HK48
HK149
HK227
HK667
HK919

HK1552
HK1770
HK1836
HK2260
HK2328
HK2354
HK2436
HK2437
HK1706

Phenotype Corrected RNA-seq

O:M, 1:F

2000 —-~0O

O =2 000 200 =22 aa0O0

Gender Check (RNA-seq data)

Genotype
Plink: 1=male, 2=female

1
No Genotype Data

0

0
No Genotype Data
0

o -~ 000 —

Transplant  Tissue

PC2

-0.01 0.00 0.01 0.02 0.03 0.04

-0.02

-0.020

-0.015

PC1

I
-0.010

-0.005




Individuals with Discordant Gender Information

'plink -bfile raw-GWA-data -check-sex -out raw-6WA-data’
‘grep PROBLEM raw-GWA-data.sexcheck > raw-GWA-data.sexprobs'’

SNPSEX

[yangfigtco8e8 pwas qc practice]$ grep "PROBLEM™ plink.sexcheck

LNi1ese  LN1e5e y 8 8.2181
LN1878  LN1673 ] a8.9374
LN3a8 LNI6S ] . 8.82956
LN1242  LN1242 : : -8.82860
LN117 LN117 y 8.5576
L3166 LN3166 3 : 8.84326
LN212 LN212 y

LN1667  LN1667

LN280 LN289

LN1727  LN1727

LN1763 LN1763

[ o T T T

s
o ]
o |
]
i
o |
s
o ]
o |
]
i
o |

LNAD



Sample Quality: Failure Rate

Typically, individuals with more than 3-7% missing genotypes should be removed. (Carefully scrutinizing the
distribution of missing genotype rates across the entire sample set is the best way to ascertain the most
appropriate threshold)

'plink -bfile raw-6WA-data -missing -out raw-6GWA-data’

N_MISS: the number of missing SNPs
F_MISS: the proportion of missing SNPs per individual

All SNPs

100K

SNP N_GEND  F_MISS 80K
vh_1_1108138 656 ©.01524
vh_1_1110294 656 ©.006098

rs7515488 656 0.001524
rs6683785 656 0.01524

60K —

rs6603788 656 0.004573
1_1209245 656 0.1235
rs2274264 656 0.007622
rs12103 656 ©.003049
rs12142199 656 ©.01067
rs880051 656 0.003049 20K o

Number of SNPs

\ T T ' | |
0.0001 0.001 0.01 01 1

Fraction of missing data



Sample Quality: Heterozygosity Rate

Sample contamination or inbreeding: All individuals should be inspected to identify individuals with an
excessive or reduced proportion of heterozygote genotypes.

Mean heterozygosity: (N-O)/N
Where N is the number of non-missing genotypes and O is the observed number of homozygous
genotypes for a given individual

'plink -bfile raw-GWA-data -het --out raw-GWA-data’

raw-GWA-data.het
[O(Hom)]: the number of homozygous genotypes
[N(NM)]: the number of non-missing genotypes per individual

0.40 0.45 0.50
|

Heterozygosity rate

Exclude all individuals with a genotype failure rate > 0.03 and/or
heterozygosity rate + 3 standard deviations from the mean.

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

0.001 0.01 0.1 1

Proportion of missing genotypes



Basic Feature (Population): All Sample Are Unrelated

The maximum relatedness between any pair of individuals is less than a second degree relative

If duplicates, first- or second- degree relatives are present, a bias may be introduced to the study
because the genotypes within families will be over-represented.

Iniial ciscovery tudy el

Cases :
| P=1x]0

Common ' e ' Variant
homozygote Rl homozygote




IBD: identity by descent

To identify duplicate and related individuals,

IBS (identity by state) is calculated for each pair of individuals based on the average proportion of alleles
shared in common at genotyped SNPs (excluding the sex chromosomes)

IBD (identity by descent) can be estimated using genome-wide IBS data (using PLINK)

Duplicates or monozygotic twins: IBS=1; IBD=1

Related individuals: the degree of additional sharing proportional to the degree of relatedness
First-degree relatives: IBD=0.5
Second-degree relatives: IBD=0.25 I iy el A\ | A\
Third-degree relatives: IBD=0.125 l]II | l l | ‘I "

IBD is calculated and denoted in PLINK as Pi-hat | II] 1'/ ’ [ J I



Identification of duplicated or related individuals

1. To reduce the computational complexity, the number of SNPs used to create the IBS matrix
can be reduced by pruning the dataset so that no pair of SNPs has an r? greater than a given
threshold (typically 0.2)

'plink --file raw-6WA-data -exclude high-LD-regions.txt --range -indep-pairwise 50 5 0.2
--out raw-6WA-data’

2. To generate pair-wise IBS for all pairs of individuals

'plink --bfile raw-6WA-data --extract raw-GWAS-data.prune.in --genome -out raw-GWA-
data’



Confounding: population stratification

Confounders: underlying differences between the case and control subgroups other than those directly
under study (typically, disease status)

The main source of confounding in genetic studies is population stratification.

Population stratification: different population origins rather than any effect on disease risk; hidden fine-
scale genetic substructure within a single population cannot be ruled out

EUR Population (1000 Genomes Project) AFR Population (1000 Genomes Project )
I 1 1 I I I [ ]
/ ) o =

3 3 = H 2 R

£ & g 3 = = $ 5§ & £ ¥ 3 § 8 &8 & %

~N = ~ ~ -3 < - - < - < - < <

I 'E E :ﬁ 4 2 -] [ - 2 2 2 2 8 8
asz38ss52 2 Block 1 3 Kb) Block 2 (3 Ko) Block 3 (2 Kb) Block 4 (1 Ko) as £ 52 ER
TTATATGGT .386<GA .422 PV VO VY VOVYVYY VY TT .625+—CA .548+—5GC .464—prAh .392
CCCCTCCAC .353—23A6 .564 TC 2%?%(1 .555%& L25§GA 413
TTATATGGC .157 477 AA.015 . €C.075-NT14.097406T .1107NAG .195
TTACATGGC .080 ‘ ‘ . .86 76 .59

.85 i
‘0‘0‘0 M
o

1 60 34
8 41




Identification of individuals of divergent anscestry

Conduct a principal components analysis on the merged data

‘perl smartpca.pl -I raw-GWA-data.hapmap3r2.pruned.bed -a raw-GWA-
data.hapmap3r2.pruned.pedsnp-b raw-GWA-data.hapmap3r2.pruned.pedind -o raw-GWA-
data.hapmap3r2.pruned.pca -p raw-GWA-data.hapmap3r2.pruned.plot -e raw-GWA-
data.hapmap3r2.pruned.eval -| raw-GWA-data.hapmap3r2.pruned.log -k 2 -t 2 -w pca-
populations. txt'

0.041 §

The 1000 genomes project (http://www.1000genomes.orqg)

Population
AFR
AMR
EAS
EUR
SAS
Subjects

0.02

PC2

0.00

0.02{ &

-0.01 0.00 0.01 0.02 0.03
PC1


http://www.1000genomes.org/

Pre-marker QC

a) SNPs with an excessive missing genotype (e.g. markers with a call rate less than 95% or 99% are
removed)

b) SNPs demonstrating a significant deviation from Hardy-Weinberg equilibrium (HWE) (This can be
indicative of a genotyping or genotype calling error, e.g. P-value thresholds between 0.001 and 5.7e-07)

c) SNPs with significantly different missing genotype rates between cases and controls

d) Markers with a very low minor allele frequency (e.g. minor allele frequency (MAF) < 5% or 1-2% but
studies with small sample size may need to set this threshold higher)
!

Aa - pq AA p /

0.8

D6

D.4

0.2

0

p-0 01 02 03 04 05 06 0.7 08 09 1
qg-1 09 08 07 06 05 04 03 02 01 O



Remove all individuals/SNPs failing QC

To concatenate all the files listing individuals failing the previous QC steps into single file
‘cat fail-* |sort -k1 | uniq > fail-qc-inds.txt’

To remove low quality samples

'plink -bfile raw-GWA-data -remove fail-qc-inds.txt --make-bed --out clean-inds-GWA-data’

To calculate the missing genotype rate for each marker type

'plink --bfile clean-inds-GWA-data --missing --out clean-inds-GWA-data’

To test all markers for differences in call rate between cases and controls

'plink --bfile clean-inds-6WA-data --test-missing -out clean-inds-6GWA-data’
To remove poor SNPs from further analysis and create a clean GWA data file type

'plink --bfile clean-inds-6WA-data --exclude fail-diffmiss-qc.txt --maf 0.01 -geno 0.05 -hwe
0.0001 -make-bed -out clean-GWA-data’



GWAS

More than 99% of the SNPs follow the null distribution of no association.
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~ - 2=1.014 /-.. “ 8 2=1.202 i
Ly
™ L]
21 /
H
H U
E— © =
g g
i -
R [
& R
B e =
e |
(<Y
o - o -
: I | T T T I i T I I I I I
0 1 2 3 4 5 6 7 0 1 2 3 4 5 &

Expected —log,q(p) Expected —logy(p)

Linear regression: Y=aX+bU+c,
X: SNP; Y: Trait; c: Intercept; U: confounders



Software

PLINK software for genotype Quality Control
SMARTPCA pl software for running principal components analysis

Statistical software for data analysis and graphing, such as:
R



