An introduction to discovering genomic variation. . .

Genome Wide Association Studies (GWAS)

Jeff Barrett

wellcome trust
Blsanger

October 19, 2010




A brief history of human disease genetics

Early Mendelian gene mapping: HD

George
Huntington's
paperis
published?.

Restriction
fragment-length
polymorphisms
(RFLPs) are first
described'?.

The HD gene is
mapped to the
shortamm of
chromosome 4
(REF. 15).

Timeline | Benchmarks in Huntington disease research

(1989-1991) Linkage
disequilibrium
indicates a2 Mb
candidate region?.

projectis
initiated™°.

WFN/IHA, World Federation of Neurology and the Intemational Huntington Association.

The HD gene
is isolated and
a CAG repeat
mutation is
identified?®
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A brief history of human disease genetics
Mapping HD needed collaboration

Cell, Vol. 72, 971-983, March 26, 1993, Copyright © 1993 by Cell Press

A Novel Gene Containing a Trinucleotide Repeat
That Is Expanded and Unstable
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A brief history of human disease genetics

“Figure 4"
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A brief history of human disease genetics

Mendelian gene mapping accelerated rapidly. . .
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Adapted from Glazier et al. Science. 2002. ”
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A brief history of human disease genetics

... but this success did not translate to complex disease
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A brief history of human disease genetics

Different diseases need different methods of gene hunting
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A brief history of human disease genetics

Obstacles to genome-wide association studies
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A brief history of human disease genetics

Obstacles to genome-wide association studies

» Complete sequence of the human genome, followed by an extensive
catalogue of common variation (especially SNPs) between individuals
(no need to guess at functionally relevant genes).
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A brief history of human disease genetics

Obstacles to genome-wide association studies

» Complete sequence of the human genome, followed by an extensive
catalogue of common variation (especially SNPs) between individuals
(no need to guess at functionally relevant genes).

» An understanding of the patterns of correlation between nearby
SNPS, called linkage disequilibrium or LD (can capture all the genetic
information with a small number of markers).

» An inexpensive and accurate means of genotyping hundreds of
thousands of SNPs (practical implementation of possibilities above).

> Large collections of thousands of disease cases and healthy controls
(to ensure power to find very weak effects).
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A brief history of human disease genetics

‘Tagging’ gains efficiency via LD

AT G/A G/IC T/IC GIC AC
I I I I
Ey R
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A brief history of human disease genetics

‘Tagging’ gains efficiency via LD

AT G/A G/IC TIC GIC AIC
[ [ [ [ | [ [
| | | | | |
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A brief history of human disease genetics

‘Tagging’ gains efficiency via LD

AT  GIA GC TIC GIC AlC
1 1 1 1 1
i — i 11 i

G T G
G c C
A cC G
A c C

No need to genotype this SNP
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A brief history of human disease genetics

From intensity measurements to genotypes
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A brief history of human disease genetics

From intensity measurements to genotypes

9.0 4
8.5 1
8.0
7.5
7.0
6.5

6.0 A

5.5
5% 60 &5 70 75 80 85 9.0

wellcome trust
Elsanger

institute
~ IntrotoGWAS October 19, 2010 10 / 20



A brief history of human disease genetics

From intensity measurements to genotypes
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A brief history of human disease genetics

Clean data matters!

Genetic Signatures of Exceptional Longevity in Humans

Paola Sebastiani,'* Nadia Solovieff,' Annibale Puca,” Stephen W. Ha_rtlcy,I Efthymia Melista,® Stacy
Andersen,* Daniel A. Dworkis® Jemma B. Wilk,® Richard H. Myers,* Martin H. Steinberg,® Monty
Montano,l Clinton T. Baldwin:(’j Thomas T. Perls**
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A brief history of human disease genetics

Genome wide association studies
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Bipolar disorder
Also known as manic depression,
it affects 100 million people
around the wo

Hypertenswon i .
e Rheumatoid arthritis
mi mnpen le in Britain. Can Ne: 400  people in Britain
eart disease and kidney failure - ar:;f"ﬂ:ttd%ﬂux i:mrlmmunc

disease of the joints.

Type 1diabetes
Diabetic condition in which
sufferers have to inject insulin, ), .
Affects 350,000 people in UK Crohn's disease
Type 2 diabet Upta60,000 peopleare affectedby this
ype 2 diabetes itating bowel condition which can
Almost 2 million Britons are affected by S CRREM S pri {68 Marima
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A brief history of human disease genetics

GWAS revolutionized complex disease genetics
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A brief history of human disease genetics

GWAS of Crohn's disease have been very successful

21921 8q24

19p13 TAGAP MAP3K7IP1
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ORMDL3 C6orf85 22q11
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A brief history of human disease genetics

Disease genetics has two parallel goals

1. Understanding disease biology

2. Predicting disease risk/outcome
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A brief history of human disease genetics

Crohn's disease and autophagy

d LC3-GFP SL1344 Merge

. . . / e it
N
\’
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Rioux et al. Nat Genet. 2007.
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A brief history of human disease genetics

Crohn's disease and autophagy

d LC3-GFP SL1344 Merge

» Publications on autophagy and
Crohn's before Hampe et al.: 0
» Pubs in subsequent three years:
92
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A brief history of human disease genetics

Can genes predict disease?

23andMe
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Shawgenmypesfar inthe AR and Chr 20 intergenic region genes:

rs6625163 At G A Has the A version ofrs6625162 (OR = 1.17) and the AA genotype for

rs6113481 (OR = 1.77). Overall, this set of genotypes confers 2.07
rs6113491 AtoC AA times higher than typical odds of male pattern baldness in Europeans.
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UK10K: GWAS 2.0

RARE GENETIC VARIANTS IN HEALTH AND DISEASE

Intro to GWAS

>

4,000 deeply phenotyped
controls whole-genome
sequenced.

6,000 cases (autism,
schizophrenia, obesity, 8 rare)
exome sequenced.
Association analysis of low
frequency and rare variation.
Might be more useful in
prediction.
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A brief history of human disease genetics

Conclusions

» Advances in disease genetics happen when technologists, clinicians,
analysts come together in the right mix.

» GWAS have revolutionized our ability to link genomic function with
disease.

» Progress has been slower on prediction, but we haven't given up hope
yet!
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