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We Live in Interesting Times...

““May he live In interesting times.” Like it or not we live
In Interesting times.”’

--Robert Kennedy, June 7, 1966

May you come to the attention of those in authority.

May you find what you are looking for.

Wikipedia, accessed 11Sep07




May You Live in Interesting Times...

Since 2005, over 30 genome-wide association
studies have identified robust associations with
genetic variants for nearly 20 common, complex
diseases and traits:

* 10 Mar 2005: Age-related macular degeneration
30 Apr 2006: QT interval prolongation
19 Oct 2006: Neovascular AMD
26 Oct 2006: Inflammatory bowel disease
11 Feb 2007: Type 2 diabetes
5 Mar 2007: Crohn’s disease
12 Apr 2007: Obesity
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A Genome-Wide Association Study of
Type 2 Diabetes in Finns Detects
Multiple Susceptibility Variants
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Genome-wide association study identifies
novel breast cancer susceptibility loci
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Genome-wide association study of 14,000

cases of seven common diseases and
3,000 shared controls
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2007: The Year of GWA Studies?

Consistently replicated associations found for:
10 Jun 2007: Celiac disease
1 Jul 2007: Atrial fibrillation
8 Jul 2007 : Colorectal cancer
5 Jul 2007: Gallstones
8 Jul 2007: Periodic limb movements in sleep
9 Jul 2007: HIV viral setpoint
26 Jul 2007: Childhood asthma
29 Jul 2007: Multiple sclerosis
1 Aug 2007: Amyotrophic Lateral Sclerosis
9 Aug 2007: Exfoliation glaucoma
2 Sep 2007: Height
5 Sep 2007: Rheumatoid arthritis
18 Sep 2007: ?7?




What is a GWA Study?

Method for interrogating all 10 million variable
points across human genome

Variation inherited in groups, or blocks, so not
all 10 million points have to be tested

Blocks are shorter (so need to test more
points) the less closely people are related

Technology now allows studies in unrelated
persons, assuming ~10,000 base pair lengths
in common (300,000 - 500,000 markers)




DNA on Chromosome 7

GAAATAATTAA JTTCCTTCCTTCTCCTATTTTGTCCTTTACTTCAATTTATTTATTTATTATTAATATTATTATTTTTTG

AGACGGAG @ CTTGTTGCCAACCTGGAGTGCAGTGGCGTGATCTCAGCTCACTGCACACTCCGCTTTCCTG
GTTTCAAGCGAY@T CCTGCCTCAGCCTCCTGAGTAGCTGGGACTACAGTCACACACCACCACGCCCGGCTAATTTTT
GTATTTTTAGTAGAGTTGGGGTTTCACCATGTTGGCCAGACTGGTCTCGAACTCCTGACCTTGTGATCCGCCAGCCTC
TGCCTCCCAAAGAGCTGGGATTACAGGCGTGALamg CCGCGCTCGGCCCTTTGCATCAATTTCTACAGCTTGTTTTCT

TTGCCTGGACTTTACAAGTCTTACCTTGTTCT @ AGATATTTGTGTGGTCTCA GTGTGCCAGTAGCTAA

AAATCCATGATTTGCTCTCATCCCACTCCTGTTG ATCTCCTCTTATCTGGGGTC @ TCTCTTCGTGATTGC
ATTCTGATCCCCAGTACTTAGCATGTGCGTAACAACTCTGCCTCTGCTTTCCCAGGCT™S ATGGGGTGCTGTTCAT
GCCTCAGAAAAATGCATTGTAAGTTAAATTATTAAAGATTTTAAATATAGGAAAAAAGTAAGCAAACATAAGGAACAA
AAAGGAAAGAACATGTATTCTAATCCATTATTTATTATACAATTAAGAAATTTGGAAACTTTAGATTACACTGCTTTTA
GAGATG GTAGTAAGTCTTTTACTCTTTACAAAATACATGTGTTAGCAATTTTGGGAAGAATAGTAACTCACCC

@ TGTGAATATGTCACTTACTAGAGGAAAGAAGGCACTTGAAAAACATCTCTAAACCGTATAAAAAC

BT AATGATGAAAACCCAAGGAATTTTTTTAGAAAACATTACCAGGGCTAATAACAAAGTAGAGCCACAT
GTCATTTATCTTCCCTTTGTGTCTGTGTGAGAATTCTAGAGTTATATTTGTACATAGCATGGAAAAATGAGAGGCTAGT
TTATCAACTAGTTCATTTTTAAAAGTCTAACACATCCTAGGTATAGGTGAACTGTCCTCCTGCCAATGTATTGCACATT
TGTGCCCAGATCCAGCATAGGGTATGTTTGCCATTTACA, TTATGTCTTAAGAGAGGAAATATGAAGAGCAAAA

CAGTGCATGCTGGAGAGAGAAAGCTGATACAAATATA @ ACAATAATTGGAAAAATTGAGAAACTACTCATT
TTCTAAATTACTCATGTATTTTCCTAGAATTTAAGTCTTTTAM T TTGATAAATCCCAATGTGAGACAAGATAAGTATT
AGTGATGGTATGAGTAATTAATATCTGTTATATAATATTCATTTTCATAGTGGAAGAAATAAAATAAAGGTTGTGATGA
TTGTTGATTATTTTTTCTAGAGGGGTTGTCAGGGAAAGAAATTGCTTTTT

SNPs 1/ 300 bases




Mapping the Relationships Among SNPs

Chromosome
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Distances Among East Coast Cities

Provi- NEW IEE ENE

Sosion dence  York delphia more

Providence 59

New York 210 152

Philadelphia 320 237 86

Baltimore %10 325 173 87

Washington 450 358 206 120 34
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Mapping the Relationships Among SNPs

Chromosome
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One SNP May Serve as Proxy for Many

SNP 3! SNP 4
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Progress in Genotyping Technology
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Continued Progress in Genotyping
Technology
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Cost of a Genome-Wide Association Study
in 2,000 People

Number of
Year SNPs Cost/SNP  Cost/Study

2001 10,000,000 $1.00 $20 billion

2007 500,000 0.1¢ $1 million




GWA Genotyping Data, Chromosome 22,
Parkinson’s Study

Study
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Association of rs2236639 Alleles with Development of
Parkinson Disease (Made Up!)

Development of Disease

Variant Develop Do Not Develop

Allele (A) Disease Disease ezl

Present 10 80
Absent 40 920
Total 50 1,000

_ _ Risk in Exposed 10/80 12.5%
Relative Risk = —— =
Risk in Unexposed 40/920 4.3%




P Values of GWA Scan for Age-Related
Macular Degeneration

Klein et al, Science 2005; 308:385-389.




Genome-Wide Scan for Type 2 Diabetes in a
Scandinavian Cohort

http://www.broad.mit.edu/diabetes/scandinavs/type2.nhtmi




Genome-Wide Scan for Crohn Disease in
Belgian Cases and Controls

Libioulle C et al, PLoS Geneft, 2007 Apr 20;3(4):e58.




Genome-Wide Scan for Type 2 Diabetes in
French Case-Control Study

Sladek R et al, Mature 2007:; 445, 881-885.




Wellcome Trust Genome-Wide Association
Study of Seven Common Diseases

Bipolar disorder
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Genome-Wide Scan for Breast Cancer in
Postmenopausal Women

Chromosomes
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Hunter DJ et al, Nat Genet2007; 39:870-874.




Genome-Wide Scan for Coronary Heart
Disease in Ottawa Case-Control Study
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Genome-Wide Scan for Sporadic
Amyotrophic Lateral Sclerosis
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Genome-Wide Scan for Prostate Cancer
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Association Analysis of SNPs across FGFR2
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Lessons Learned from Initial GWA Studies

Signals in Gene “Deserts”
Prostate Cancer 8924
Crohn’s Disease 5p13.1, 1931.2, 10p21
Signals in Common
Diabetes, CHD, Melanoma CDKNZA/ZB
Prostate, Breast, Colon Cancer 824 region
Crohn’s Disease, Psoriasis IL23R

Crohn’s Disease, T1DM PTPN2




PERSPECTIVE

CRIMKIMG FROM THE FIRE HOSE — STATISTICAL ISSUES IM GEMOMEWIDE ASSOCIATION STUDIES

STATISTICS AND MEDICINE

Drinking from the Fire Hose — Statistical Issues in Genomewide

Association Studies
David ). Hunter, M.B., B.S., and Peter Kraft, Ph.D.

he past 3 months have seen
13 3 - T

“There have been few, If any, similar bursts of

discovery in the history of medical research...”

and in this issue of the Journal,
coronary artery disease (reported
by Samani et al., pages 443—-453).
These genomewide association
studies have been able to exam-
ine interparient differences in in-
herited genetic variability at an
unprecedented level of resolution,
thanks to the development of mi-
croarrays, or chips, capable of as-

ating the need for guessing which
3 - 1 Fey e

lated to the disease. Some of these
associations have been found in
regions not even known to har
bor genes, such as the 8g24 re-
gion, in which multiple variants
have been found to be associar
ed with prostate cancer.® Such
findings promise to open up new
avenues of research, through both
the discovery of new genes rele-

Related article, page 443

The main problem with this
i = of the
ost stud-
ained in
samples
ower [o
generate I values as small as 107,
In addition, most variants identi-
fied recently have been associared
with modest relative risks (e.g.,
1.2 for heterozygotes and 1.6 for
homozygotes), and many true as-
sociations are not likely o exceed
P values as extreme as 107 In an
initial study. On the other hand,
a “statistically significant™ finding

o T 1 S v

Hunter DJ and Kraft P, N Eng/ J Med 2007; 357:436-439.




Uniqgue Aspects of GWA Studies

Permits examination of inherited genetic
variability at unprecedented level of resolution

Permits "agnostic" genomewide comparison

Most robust associations in GWA studies have
not been with genes previously suspected of
being related to the disease

Some associations in regions not even known
to harbor genes

“The chief strength of the new approach also contains
Its chief problem: with more than 500,000 comparisons
per study, the potential for false positive results is
unprecedented.”

N Engl J Med 2007; 357:436-439.




FEATURE

Replicating genotype-phenotype associations

What constitutes replication of a genotype-phenotype association, and how best canit be achieved?

MNCI-NHGRI Working Group on Replication

in Association Studies
The study of human genetics has recently

undergone a dramatic transition with the com-
pletion of both the sequencing of the human
genome and the mapping of human haplo-
types of the most common form of genetic
variation, the single nucleotide polymorphism
(SNP)'™. In concert with this rapid expansion
of detailed genomic information, cost-effective
genotyping technologies have been developed
that can assay hundreds of thousands of SNPs
simultaneously. Together, these advances have
allowed a systematic, even ‘agnostic, approach
to genome-wide interrogation, thereby relaxing
the requirement for strong prior hypotheses.
So far, comprehensive reviews of the pub-
lished literature, most of which reports work
based on the candidate-gene approach, have
demonstrated a plethora of questionable geno-
type-phenotype associations, replication of
which has often failed in independent stud-
ies'”. As the transition to genome-wide asso-
ciation studies occurs, the challenge willbe to  studies because of issues in either the initial  conclusion from the literature because follow-
separate true associations from the blizzard of  study or the attempted replication***. Small  up studies have not consistently analysed the
false positives attained through attempts to rep-  sample sizeisa frequent problem and can result  same markers or those in perfect linkage dis-

Chanock et al, Mature 2007; 447:655-660.




Flow of Investigation: From Genome-Wide
Association to Clinical Translation

COMPONENT PERCENT

Initial Genome-Wide
Association (GWA) Studies

30-40

‘ Data Analysis 12-15
Replication/Fine Mapping 12-15

\

Sequencing/Genotyping

‘ Database
Functional Studies

\

Translational Studies




Availability of GWA Data in NIH Databases:
Current

« Database of Genotype and Phenotype
(dbGaP):
http://www.ncbi.nlm.nih.gov/sites/entrez?db=g

ap

Cancer Biomedical Information Grid (caBIG)
and Cancer Genetic Markers of Susceptibility
(CGEMS):
https://caintegrator.nci.nih.gov/cgems/




Possible Implications of Many Variants of
Small Effect

Need not carry all of them to develop disease

Probably need to carry more than one, unless
very strong environmental interaction

Some may affect same pathways and be

duplicative

Others may affect different pathways, so
some key combination(s) needed

Should be possible to identify “clusters™ of
variants carried by different groups of cases

May be possible to classify on molecular basis




“The more we find, the more we see,
the more we come to learn.

The more that we explore, the more

we shall return.”

Sir Tim Rice, Aida, 2000






