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GWAS pipelines overview

This talk gives only a flavour of steps that need to be done

I See SOP from H3A Bionet
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Genome-Wide Association Studies

Overall goal: Know a disease has genetic factors, but don’t
know where

I Search across the entire genome (3× 109 positions) for
which variations where differences in cases/control

I But sequencing a genome expensive (≈$1k per genome)

I SNP-chip: sample many positions (e.g. 2.5× 106) across
the genome (SNPs)
Cost about $85 per person

I Do statistical association tests
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Issues:

I Which? – Choose ones where variation in humans – but
this is population dependant.

I How many? NB: cost trade-off between number of people
sampled, and number of positions sampled
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Simple overview of genotyping

I At each sample position, each person has two copies (one
from mother, one from father)

I Typically two possible alleles, e.g. most people have A,
some people have G.

I SNP chip has a probe, which can detect which, for each
SNP

I So three possible cases: e.g., AA, AG, GG
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I DNA from each person progressively exposed to each
probe

I “Red” light if probe sees one option, “Green” light if it
sees the other

I Can get double red, green/red, or double green

I For each person, SNP measure how much redness,
greenness

I Noisy, needs calibration
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One SNP: each dot a person, measuring result from probe

accompanying software that takes into account the
properties of the new arrays. The first program,
Modified Partitioning Around Medoids (MPAM)16

and Dynamic Model (DM),17 were able to geno-
type one SNP on one chip at a time. The next
generation of software, Robust Linear Model with
Mahalanobis Distance Classifier (RLMM),18

BRLMM19 (which adds a Bayesian step to RLMM),
BRLMM-P20 (which uses perfect match probes
only) and Birdseed,21 increased accuracy and per-
formance using a multi-chip approach.

One SNP, one chip
For the first SNP arrays, Affymetrix designed software
modules (MPAM, DM) to genotype individual
SNPs, one array at a time. The DM software17 was
introduced with the release of the 100K GeneChip
and is based on statistical modelling of quartets. A
quartet consists of match and mismatch probes for
the two alleles. This software does not require any
normalisation step and does not summarise the probe
intensities. A score is assigned for each quartet and
the Wilcoxon signed-ranked test is used to give a call.

Multi-chip approach
Several groups3,18,22–28 have designed SNP calling
algorithms using a multi-chip approach; the first

algorithm was RLMM.18 This approach requires
pre-processing steps, such as array normalisation, in
order to compare data across arrays and summation
of the probe intensities for each allele. For each
SNP, the two allele intensities are then clustered
into three clouds, representing the different geno-
types across many chips (Figure 2).

Affymetrix designed the BRLMM algorithm for
the 500K SNP arrays.19 This algorithm was a sig-
nificant improvement over the DM algorithm used
for the previous arrays. The BRLMM algorithm is
an extension of the RLMM software and it uses a
Bayesian step to define cluster centres and variances
of SNP intensities. Briefly, after normalisation and
allelic summation, genotypes are clustered using a
Bayesian prior on cluster centres and variances and
a pre-clustering made by the DM algorithm. The
prior is based on a random set of SNPs, with a
minimum number of individuals in each cluster.
This allows for a better definition of the genotype
clusters with few (potentially no) individuals.
Further, new arrays can be genotyped using pre-
defined parameters obtained from other arrays.

For the SNP5.0 GeneChip, Affymetrix designed
a new version of the BRLMM algorithm, named
BRLMM-P, as the array does not have mismatch
probes.20 The DM step of BRLMM is replaced

Figure 1. Normalised and summarised allele intensities from the Illumina BeadChip array. The intensities are shown in transformed

polar coordinates: the theta-coordinate represents the angle from the x-axis (the angle from the x-axis to the vector [A, B] of the two

allele intensities), and the R-coordinate represents the copy number (the length of the vector). (A) Intensities for a single nucleotide

polymorphism (SNP) from 120 arrays, clearly separating the intensities into three groups (A/A, A/B, B/B). (B) Data from 317,000 SNPs

(from the same 120 arrays). This plot clearly indicates that signal strength varies considerably with the SNP, a factor that must be

taken into account when genotyping individual SNPs and deriving copy numbers. The figure is reproduced with the permission of

Gunderson et al.15

SOFTWARE REVIEW Lamy, Grove and Wiuf

306 # HENRY STEWART PUBLICATIONS 1479–7364. HUMAN GENOMICS. VOL 5. NO 4. 304–309 MAY 2011

Credit: Lamy et
al, Human
Genetics, 2011

Which cluster dot belongs to tells us what the reading is for
that person
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Variants are called

Converted from images into data files that can be analysed:
PLINK is a standard tool, but there are others

I FAM file: describes the people in the study

I BIM file: which SNPs are captured and what the
choices/alleles are

I BED file: actual data – what each person has for each
SNP
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Need for pipeline

GWAS is complex, computationally expensive, takes human
time

I requires multiple steps, computers, techniques

Pipelines provide two big advantages:

I Must be reproducible

I Allow quick turn-around time
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Overview of process

1. Genotype calling (computationally expensive):
I QC: eg. batch effects
I Convert from image to text (e.g. PLINK format)

2. QC on PLINK files

3. Population structure analysis

4. Imputation

5. Statistical testing
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QC

Many things go wrong, data is noisy, QC essential

I Batch effects

I Replicates?

I Problems with SNPs and individuals
I High missingness
I Hardy-Weinberg Equilibrium
I Minor Allele Frequency
I Sample mix-up (check known sex)
I Serious genetic problems or errors?
I Relatedness?
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Population Structure

Apparent genetic diversity within sample may be a big issue

I real genetic diversity in population

I poor choice of cases/controls

I artefactual – e.g., batch effect

If not managed you will get false positives.
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Analysing population structure

I principal component analysis

I structure/admixture

PC analysis is particularly used for GWAS
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How you handle depends on structure

I tight cluster

I looser uniform cluster

I very variable cluster/poorly define cluster

I multiple clusters

I . . .
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Imputation

Limitation of SNP-Chip is that it only samples a small
proportion of genome

I May miss many SNPs, other types of variation

I Associated SNP may not be close to cause

With good reference genomes for the pops can impute

I statistically predict what the intermediate SNPs are.
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Covariates

Are there environmental factors that might affect disorder?

I age

I sex

I smoking

I other lifestyle issues

I other phenotype: e.g. with T2D might include BMI . . .
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Statistical testing

Requires expert intervention

I What question?

I How do genetic factors manifest (e.g., recessive,
dominant)

I Degree of relatedness

I What covariates

I Population structure

I Interactions
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Statistical testing gives two results

I p-value: how statistically likely the result is.
Need to take into account multiple testing, so will be very
strict with cut off

I Odds ratio/Effect size: (0,∞)
How big an effect does the SNP have – often small
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Post-association test analysis

Now we have some matching results, is there a story – what
effect do the SNPs have

I identify genes or other parts of the genome where the
SNPs can be found

I identify metabolic pathways – set of processes determined
or regulated by a set of genes etc that perform some
important function

I Need insight into biology
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Archiving

Need to make a choice of what data must be kept

I Raw image files: ≈3GB per person (30TB for 10k people)

I Intermediate analyses: YMMV but probably similar

I PLINKed format: probably 2MB per person (30GB for
10k people); may want several copies

I Meta data, subsidiary analyses

I May be multiple versions, different parameters
Need to go back to the data and know how produced.
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