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Genetics: Difficult to Escape

Genetlc Research Defmltlon Research mto the
cause, transmission, amelioration, elimination, or

enhancement of inherited dlsorders and tralts

10




“Inherited Disorders” Encompasses a Broad
Spectrum of Diseases and Traits

wwrwr nature.com/mp

IMMEDIATE COMMUNICATION

including novel risk loci

Molecular Psychiatry (200147 19, 41
@ 2014 Macmillan Publishers Limited

Genome-wide association study of alcohol dependence:
significant findings i African- and European- Americans

A Common Variant on Chromosome

9p21 Affects the Risk of
Myocardial Infarction

LETTER

doil0l 0EEnaturelTerl

Genome-wide association study identifies 74 loci
associated with educational attainment

Defining the role of common variation in the genomic
and biological architecture of adult human height

Using genome-wide data from 283, 232 indiv duals, we identified £ 07 variants at genome-widesignificance that tagether

e plained onefifth of the heritability for adult height, By testing differant numbers of wariarts in independent studies, we show

that the most strongly assockted ~2,000, ~3,700and ~9.500 SMPs ecphined ~21 %%, ~24% and ~29% of phenotypic wariance

Furthermorne, all commonyvarants together captured 60% of heritability, The 697 variarts dustered in 423 lod wers enriched for
enes, pathways and tisue types known to be involved in growth and together implicated genesand path nat hizhlichtedin
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zeveral genesand pathways not pravioudy connected with human skeletal grovth, including mTOR, csteoglydnand binding

of yaluranicacid, Qur results indicates genatic architecture for hurran height that i chameterz ed by a very large butfinite

nurnber (thoumnds) of @umlvanants,
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Genome-Wide Association Study of Proneness to Anger




Definition: Genome-Wide Association Study
(GWAS)

* One of many contemporary tools to evaluate the genetic basis of
disease/phenotypes

e Study that surveys most of the genome for genetic causal variants.

e Capitalizes on the strengths of association studies without having to
guess the identity of candidate genes.

* Enables testing of multiple, genome-wide (~40 million) variants
without any prior hypothesis (other than the trait is heritable)

e GWAS genetic metric: the SNP

Hirschhorn JN et al. (2005) Nature Reviews Genetics 6: 95-100.



Single Nucleotide Polymorphisms (SNPs)

I G ¥ * Single nucleotide polymorphisms
A ( SNPs) are DNA sequence
i L,'q T A d variations that occur when a
o C G ,a"‘"" . single nucleotide (A,T,C,or G) in
T G 2 i A the genome sequence is altered
7 _1\ A A Hf - e Millions of SNPs in the genome!
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Genome-wide association study identifies 74 loci
associated with educational attainment

A st of anthors and their affiliations appears in the celine wersion of the paper.

Educational attainment is strongly influenced by sodal and
other environmentalfactors, but geneticfactors are estimated to
account for at least 20% of the var stion 2o oss individuals’, Here
wereport theresults of a genome-wide assodation study (GWLS)
for educational attainment that extends our earlier discovery
sarnple™ of 101,069 individuals to 293,72 individuals, and 2
repliction studyin anindependent sarmple of 111, 249 indivd duals
from the UK Biobank We identify 74 genome-wide signifiantled
associated with the nuraber of pears of schooling completed, Single-
rucleot de polyra orphisrn s aszodated with education al attainroent
are disproportionatelyfound in genomic regions regulating gene
ewpresdon in the fetalbrain, Candidate genes are preferentially
expressedin neur al e, espedally during the prenstal perdod, and
enriched for biological pathways involved in neur ol developroent,
Our findingr dernonstrate that, even for a behavi oural phenotype
that iz mestly environm entally determined, a well-powered GWAS
identifies replicable assodated geneticvariants that mggest
biologically relevant pathways, Because educational attainment
ismessured in large numbers of individuals, it will continue
tobeuseful as s proxy phenotypein effortzto characterize the
geneti cinfluen ces ofr elated phenotypes, induding cognition and
nenurop sy atric dizes ses

Educaticnal attainmaent iz raeamred in =l main analysesas the
nuraber of pears of schooling completed (EduYears n=292.713,
mean =143, :d. =36; Supplernentary Information sections 1.1-1.2).
AN GWA 5 weere performed =t the cohort Evel in mrmplk s e dricted to
individual s of European descent whose sdncational stainroent was
azzeszed at or ahoveage 30, A uniform set of quality-control proce-
dure s wazapplied to the cohort-level suroroary satistics, Inour GWAS
moeta-analysds of 9.3 million SMP: fmoa the 1000 Genornes Poject,
woeuzed mrople- dze weighting and applied 2 dngle rownd of genomnis
condralatthe cohort kevel.

Char moeta-analyss identified P4 approdmnately independent genorne-
wide Agnificantboci For each locus, wedefine the Tead 3F asthe SMF
in the genormic region that has the moalles Prahe (Supplementary
Information secton 15.1). Figure 1 shows a Manhattan plot with
the lead SMF's highlighted. This includes the three S1MF's that reached
genome-wide significance in the discovery stage of our previous G S
roeta-aralysis of edumtional atainmoend . The quartile—quentil (0-0)
plot of the meta-analy s (Extended DataFig 1) exhibits inflation
(o= 1.28), asexpected under polygenicity”.

Extended Diata Fig. 2 shows the estimated effect szesof the lead
SIPs. The estimates mnge from 0014 to 0,048 sandard devistions
per allele (2.7 40 90 wesks of schookin g, with inreraental B in the
range 001% to 00253,

To quantify the amount of population dmtification in the GWAS
estiraates that reraains even after the stringent controls used by the
cohort s (fupplementary Infor mation section 1 4), we nsed linkags-
dizequilibriura (L) score regression®. The regression remb s indi-
cate that ~8% of the ob served inflation in the mean x* isdueto bias
rather than palygenic dgnal (Eaxtended Data Fig. %a), muggesting that
stratification effects are moall in raagnitnde. We also found evidence
for polygenic asmciation dgnal in several within-family analyses,
ahthengh the s are not powered for individual SMP 3 ssodation te shing
(Epplernentary Inforration section 2 and Fxtended Data Fig. 2h).

T further test the robustness of our findings, we examdined the within-
mrnple and out-of- mmple replicatility of 8Pz reaching genorie-
wide dgnificance (fupplementary Information sections 1.7-1.8). We
found that SMP sidentified in the previons educational attainraent
moeta-analysds replicated in the new cohort s included hers and con-
versely that SMP: reaching genome-wide significance in the new
cohort s replicated in the old cohorts. For the out -of -mrmple replica-
tion analyzes of our 74 lead SM9Fs, weuzed the interim relense of the
U Bichark® (UEE) (= 111,245). 4 s shown in Extended Data Fig. 4,
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Figure 1 | Manhattan plot for EduYears associations (# =293,723).
The x axis is chromosomal position, and the y axis is the significance on
a —logyo scale (two-tailed test). The black dashed line shows the genome-
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wide significance level (5 x 107%). The red crosses are the 74 approximately
independent genome-wide significant associations (lead SNPs). The black
dots labelled with rs numbers are the three SNPs identified in ref. 1.
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Published GWAS through 01/2016
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NHGRI-EBI Catalog, http://www.ebi.ac.uk/gwas/



@ Abdominal aortic aneurysm
Q Acute lymphoblastic leukemia
@ Adhesion molecules

(O Adverse response to carbamapezine
@ Adiponectin levels

© Age-related macular degeneration
O AIDS progression

QO Alcohol dependence

@ Alopecia areata

O Alzheimer disease

© Amyloid A levels

QO Amyotrophic lateral sclerosis
O Angiotensin-converting enzyme activity
© Ankylosing spondylitis

@ Arterial stiffness

@ Asparagus anosmia

@ Asthma

@ Atherosclerosis in HIV

© Atrial fibrillation

@ Attention deficit hyperactivty disorder
O Autism

@ Basal cell cancer

@ Behcet's disease

Q© Bipolar disorder

@ Biliary atresia

@ Bilirubin

@ Bitter taste response

QO Birth weight

@ Bladder cancer

@ Bleomycin sensitivity

@ Blond or brown hair

© Blood pressure

@ Blue or green eyes

@© BMI, waist circumference
O Bone density

© Breast cancer

@ C-reactive protein

@ Calcium levels

@ Cardiac structure/function
@ Cannitine levels

© Carotenoid/tocopherol levels
QO Celiac disease

O Cerebral atrophy measures

@ Chronic lymphooytic leukemia

Q© Cleftlip/palate

@ Cognitive function

O Conduct disorder

© Colorectal cancer

O Comeal thickness

O Coronary disease

@ Creutzfeldt-Jakob disease
@ Crohn’s disease

@ Cutaneous nevi

@ Dermatitis

@ Drug-induced liver injury
@ Endometriosis

© Eosinophil count

@ Eosinophilic esophagitis
@ CErecile dysfunction and prostate cancer treatment
® Erythrocyte parameters
© Esophageal cancer

© Essential tremor

O Exfoliation glaucoma
© Eye color traits

© F cell distribution

O Fibrinogen levels

@ Folate pathway vitamins
O Follicular lymphoma

© Fuch's corneal dystrophy
O Freckles and burning
O Galistones

O Gastric cancer

@ Glioma

O Glycemic traits

O Hair color

© Hair morphology

@ Handedness in dyslexia
O HDL cholesterol

O Heart failure

O Heartrate

O Height

O Hemostasis parameters
O Hepatic steatosis

O Hepatitis

[ ] Hepatocellular carcinoma
O Hirschsprung’s disease
QO HIV-1 control

@) Hodgkin's lymphoma

O Homocysteine levels

O Hypospadias

@ Idiopathic pulmonary fibrosis
Q@ IgAlevels

@ IgE levels

Q© Inflammatory bowel disease
@ |Intracranial aneurysm

@ Iris color

@ Iron status markers

@ Ischemic stroke

O Juvenile idiopathic arthritis
@ Keloid

@ Kidney stones

@ LDL cholesterol

© Leprosy

O Leptin receptor levels

@ Liver enzymes

@ Longevity

@ LP (a) levels

O LpPLA(2) activity and mass
@ Lung cancer

© Magnesium levels

@ Major mood disorders

@ Malaria

© Male pattern baldness

@ Matrix metalloproteinase levels
O McP-1

@ Melanoma

O Menarche & menopause
O Meningococeal disease
O Metabolic syndrome

O Migraine

© Moyamoya disease

@ Muttiple sclerosis

O Myelopraliferative neoplasms
@ N-glycan levels

O Narcolepsy

O Nasopharyngeal cancer
O Neuroblastoma

@ Nicotine dependence

© Obesity

@ Open angle glaucoma

@© Open personality

O Optic disc parameters

00000000000000000000000000000000000000000000

Osteoarthritis
Osteoporosis

Otosclerosis

Other metabolic traits
Ovarian cancer
Pancreatic cancer

Pain

Paget’s disease

Panic disorder
Parkinson's disease
Periodontitis

Peripheral arterial disease
Phosphatidylcholine levels
Phosphorus levels

Photic sneeze

Phytosterol levels

Platelet count

Polycystic ovary syndrome
Primary biliary cirrhosis
Primary sclerosing cholangitis
PR interval

Progranulin levels
Prostate cancer

Protein levels

PSA levels

Psoriasis

Psoriatic arthritis
Pulmonary funct. COPD
QRS interval

QT interval

Quantitative traits
Recombination rate

Red vs.non-red hair
Refractive error

Renal cell carcinoma
Renal function

Response to antidepressants
Response to antipsychotic therapy
Response to hepatitis C treat
Response to metaformin
Response to statin therapy
Restless legs syndrome
Retinal vascular caliber
Rheumatoid arthritis

Ribavirin-induced anemia
Schizophrenia

Serum metabolites

Skin pigmentation
Smoking behavior
Speech perception
Sphingelipid levels
Statin-induced myopathy
Stroke

Systemic lupus erythematosus
Systemic sclerosis

T-tau levels

Tau AB1-42 levels
Telomere length

QO Testicular germ cell tumor
@ Thyroid cancer

@ Tooth development

@ Total cholesterol
Triglycerides
Tuberculosis

Type 1 diabetes

Type 2 diabetes
Ulcerative colitis

Urate

Venous thromboembolism
Ventricular conduction
Vertical cup-disc ratio
Vitamin B12 levels
Vitamin D insuffiency
Vitiligo

Warfarin dose

Weight

White cell count

YKL-40 levels

0000000000000

00000 00000000000
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Ribavirin-induced anemia
Schizophrenia

Serum metabolites

Skin pigmentation
Smoking behavior
Speech perception
Sphingelipid levels
Statin-induced myopathy
Stroke

Systemic lupus erythematosus
Systemic sclerosis

in Addition to Genome-Wide Scans

W oraaaer cancer
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@ Blond or brown hair

© Blood pressure

@ Blue or green eyes

© BMI, waist circumference
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@ Breast cancer
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1
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© Multiple sclerosis
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SNP Data Enable a Wide Range of Investigations
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Quantitative traits @ Ulcerative colitis
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Refractive error @ Ventricular conduction
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E.g, Limit Inference to Specific Genes

Puotied SNPs
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E.g., Polygenic Scores (PGS)

e One-variable summary score constructed from SNPs
previously associated with phenotype/disease of interest
(i.e. via large GWAS)

* AKA genetic risk score

e Estimation strategy:

e Locate dataset with large-scale genotyping and measure of phenotype of
interest (e.g. blood pressure in Add Health)

 |dentify published GWAS, including associated lead SNPs and effect
estimates

e Predict participant-specific phenotype (e.g. blood pressure) using
participant-specific genotypes and published lead SNP effect estimates



Estimation of a Cardiovascular PGS

Appendix &, Table 2: Lead SNPs and ORs for CHD used to calculate the cardiovascular genetic risk score ljggﬁwjm

Equation 1 =
Gene Lead SNP 0Odds Ratio for coronary heart disease Risk allele
1 1p13.3 (SOATI) rs646776 118 T
Cardiovascular genetic risk score = Y _ (SNP; dosage) 1032 3 {PPAP2E) rs17114036 117 A
0dds Ratiogypi 1p32.3 (PCSK9) rs11206510 1.15 T
1g41 (MiA3) rs17465637 1.14 c
2q33.1 {WDR12) rs6725887 117 c
where iis the index of SNFs included in Appendix A, Table 2. &5p21.31 [ANKS1A) rs17609940 1.07 G
- 6p24.1 [PHACTRI) rs9349379 112 G
6q25.2 (TCF21) rs12180287 1.08 c
£025.3 [LPA) rs3798220 1.47 C
£025.3 [LPA) rs10455872 1.70 G
7q32.3 [ZC3HC) rs11556924 1.08 c
. 9p21.3 [CDKNZA) rs4877574 1.28 G
0.25 A' Whites 9q34.2 (ABO) rs9411489 1.10 T
10g11.21 [CXCL1Z) rs1746048 117 C
0,20 - 10024.32 (CYPI7AI) rs12413409 1.12 G
11g23.3 [APOAS) rs964184 1.13 G
12q2.4 (HNF14) rs2259816 1.08 T
015 1202412 [5H2EB3) rs3184504 1.13 T
13q3.4 [COL4AT) rs4773144 1.07 G
14g32.2 (HHPLI) rs2895511 1.07 c
0.10 - 15g25.1 (ADAMTS7) rs3825807 1.08 T
17p11.2 [RASDI) rs12936557 1.07 G
0.05 7p13.3 [SMG6) rs216172 1.07 C
. 17q21.32 (UBEZZ) rs46522 1.08 T
19p13.2 [LDLR) rs1122608 1.15 G
.00 21022.11 [KCNEZ) rsos82601 1.20 T



PGS: Application to Kidney Disease

* One-variable summary score constructed from SNPs associated with
phenotype/disease of interest
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E.g., Polyge

Polygenic risk for coronary artery disease is
associated with cognitive ability in older adults

Saskia P. Hagenaars,"”? Sarah E. Harris,"* Toni-Kim Clarke,?
Lynsey Hall,? Michelle Luciano,’” Ana Maria Fernandez-Pujals,”
Gail Davies,"” Caroline Hayward,* Generation Scotland,*

John M. Starr,"® David J. Porteous,”* Andrew M. Meclntosh? and
lan J. Deary ~*

Centre for Cognitive Ageing and Cognitive Epidemiology, University of Edinburgh, Edinburgh, UK
‘Department of Psyehology, University of Edinburgh, Edinburgh, UK, *Division of Psychiatry, University
of Edinburgh, Roval Edinburgh Hospital, Edinburgh, UK, *Institute for Geretics and Molecular
Medicine, Western General Hospital, University of Edinburgh, Edinburgh, UK and "Geratric Medicine
Unit, University of Edinburgh, Royal Infirmary of Edinburgh, Edinburgh, UK

*Corresponding authaor. Centre for Cognitive Ageing and Cognitive Epidemiology, Department of Psycholagy, University of
Edinburgh,? George Square, Edinburgh EHE 302, UK. E-mail: i deary@ed.ac.uk

Accepted 4 December 2015

Abstract

Background: Coronary artery disease {CAD) is associated with cognitive decrements and
risk of later dementia, but it is not known if shared genetic factors underlie this associ-
ation. We tested whether polygenic risk for CAD was associated with cognitive ability in
community-dwelling cohorts of middle-aged and older adults.

Methods: Individuals from Genreration Scotland: Scottish Family Health Study {G5:5FHS,
A = 8868} and from the Lothian Birth Cohorts of 1927 {LBC1921, M=5817) and 1936
{LBC1936, M= 1005} provided cognitive data and genome-wide genotype data. Polygenic
risk profile scores for CAD were calculated for all of the cohorts using the largest avail-
able genome-wide association studies {GWAS) data set, the CARDIoGRAM consortium
{22 233 cases and 64 762 controls). Folygenic risk profile scores for CAD were then tested
for their association with cognitive abilities in the presence and absence of manifest car-
diovascular disease.

Results: A meta-analysis of all three cohorts showed a negative association between
CAD polygenic risk and fluid cognitive ability {f= 0.022, P=0.016), verbal intelligence
{f= 0.024, P=0.011 andmemory {i= 0.021, #=0.028).

Conclusions: Increased polygenic risk for CAD is associated with lower cognitive ahility
in older adults. Common genetic variants may underlie some of the association between
age-related cognitive decrements and the risk for CAD.




E.g., Gene-Environment Interaction
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Genetic variants in ABCB1 and CYP2(19 and cardiovascular
outcomes after treatment with clopidogrel and prasugrelin
the TRITON-TIMI 38 trial: a pharmacogenetic analysis

Jessica L Mega *, Sandra L Close *, Stephen D Wiviott, Lei Shen, joseph R Walker, Ta bassome Siman, Elliott M Antman, Eugene Braunwald,
Marc 5 Sabatine

Summary

Background Clopidogrel and prasugrel are subject to efflux via P-glycoprotein (encoded by ABCBI, also known as
MDRI). ABCBI polymorphisms, particularly 3435C—T, may affect drug transport and efficacy. We aimed to assess
the effect of this polymorphism by itself and alongside variants in CYP2C19 on cardiovascular outcomes in patients
treated with clopidogrel or prasugrel in TRITON-TIMI 38. We also assessed the effect of gemotype on the
pharmacodynamic and pharmacokinetic properties of these drugs in healthy individuals.

Methads We genotyped A BCB1in 2932 patients with acute coronary syndromes undergoing percutaneous intervention
who were treated with clopidogrel (n=1471) or prasugrel (n=1461) in the TRITON-TIMI 38 trial. We evaluated the
association between ABCBI 3435C—T and rates of the primary efficacy endpoint (cardiovascular death, myocardial
infarction, or stroke) until 15 months. We then assessed the combined effect of ABCB1 3435C—T genotype and reduced-
function alleles of CYP2C19. 321 healthy individuals were also genotyped, and we tested the association of genetic
variants with reduction in maximum platelet aggrepation and plasma concentrations of active drug metabolites.

Findings In patients treated with clopidogrel, ABCB1 3435C—T genotype was significantly associated with the risk of
cardiovascular death, myocardial infarction, or stroke (p=0-0064). TT homozygotes had a 72% increased risk of the
primary endpoint compared with CT/CC individuals (Kaplan-Meier event rates 12 - 9% [52 of 414]vs 7-8% [80 of 1057
participants]; HR 1-72, 95% CI 1-22-2-44, p=0-002). ABCBI 3435C—T and CYP2C19 genotypes were significant,
independent predictors of the primary endpoint, and 681 (47%) of the 1454 genotyped patients taking clopidogrel who
were either CYP2C19reduced-function allele carriers, ABCBI 3435 TT homozygotes, or both were at increased risk of
the primary endpoint (HR 1-97, 95% CI 1-38-2-82, p=0-0002). In healthy participants, 3435 TT homozygotes had an
absolute reduction in maximum platelet agpregation with clopidogrel that was 7-3 percentage points less than for
CT/CC individuals (p=0-0127). ABCB1 genotypes were not significantly associated with clinical or pharmacological
outcomes in patients with an acute coronary syndrome or healthy individuals treated with prasugrel, respectively.

Interpretation Individuals with the ABCBI 3435 TT genotype have reduced platelet inhibition and are at increased
risk of recurrent ischaemic events during clopidogrel treatm ent. In patients with acute coronary syndromes who have
undergone percutaneous intervention, when both ABCBI and CYP2C19 are taken into account, nearly half of the
population carries a genotype associated with increased risk of major adverse cardiovascular events while on standard
doses of clopidogrel.

Funding Daiichi Sankyo Company Ltd and Eli Lilly and Company.
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GENOTYPES and PHENOTYPES

Genome-wide Association Study of Adiposity in Samoans
dbGaP Study Accession: phs000914.v1.p1

Show BioProject list

J Study | | ¥ariahles | | Documents | | | | Datasets | | Molecular Data

Jump to: Authorized Access | Atfribution | Authorized Reguests

Study Description

The research goal of this study is to identify genetic variation that increases susceptibility to obesity and
cardiometabolic phenotypes among adult Samoans using genome-wide association (GWAS) methods, DA from
peripheral blood and phenotypic information were collected from 3,119 adult Samoans, 23 to 70 years of age.
The participants reside throughout the independent nation of Samoa, which is experiencing economic
development and the nutrition transition. Genotyping was performed with the Affymetrix Genome-YWide Human
SHP 5.0 Array using a panel of approzimately 900,000 SHNPs. Anthropometric, fasting blood biomarkers and
detailed dietary, physical activity, health and socio-demoagraphic variables were collected, We are replicating
the GWAS findings in an independent sample of 2,500 Samoans from earlier studies. After replication of
genomic regions and informative SMPs in those regions, we will determine sequences of the important genes,

and determing the specific genetic variants in the sequenced genes that are associated with adiposity and related cardiometabolic conditions, We will also identify gene by environment interactions, focusing on dietary intake patterns

and nutrients,

s Study Types: Cross-Sectional, Population
¢ Mumber of study subjects that have individual level data available through Authorized Access: 3501

Subjects with Subjects with
Phenotypes: 3501 Genotypes: 3189
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Important Links and Information

® Request access via Authorized Access
o Instructions for requestars

o Data Use Certification (DUC) Agreement

® Talking Glossary of Genetic Terms
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Genome-wide Association Study of Adiposity in Samoans
dbGaP Study Accession: phs000914.v1.p1
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Study Description

The research goal of this study is to identify genetic variation that increases susceptibility to obesity and
cardiometabolic phenotypes among adult Samoans using genome-wide assodation (GWAS) methods, DNAfrom | Important Links and Information
peripheral blood and phenotypic information were collected from 3,119 adult Samoans, 23 to 70 years of age.

The participants reside throughout the independent nation of Samoa, which is experiencing economic ® Request access via Authorized Access
development and the nutrition transition. Genotyping was performed with the Affymetrix Genome-YWide Human o Instructions for requestars

SHP 5.0 Array using a panel of approzimately 900,000 SHNPs. Anthropometric, fasting blood biomarkers and o Data Use Certification (DUC) Agreement
detailed dietary, physical activity, health and socio-demoagraphic variables were collected, We are replicating # Talking Glossary of Genetic Terms

the GWAS findings in an independent sample of 2,500 Samoans from earlier studies. After replication of
genomic regions and informative SMPs in those regions, we will determine sequences of the important genes,
and determing the specific genetic variants in the sequenced genes that are associated with adiposity and related cardiometabolic conditions, We will also identify gene by environment interactions, focusing on dietary intake patterns
and nutrients,

= Study Types: Cross-Sectional, Population
« Number of study subjects that have individual level data available through Authorized Access: 3501
Subjects with Subjects with
Phenotypes: 3501 Genotypes: 3189
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Study Description

The research goal of this study is to identify genetic variation that increases susceptibility to obesity and

cardiometabolic phenotypes among adult Samoans using genome-wide association (GWAS) methods, DA from
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Analysis Best Practices/Hints

* Do not discount the large number of existing resources!
e Team science/consortia

e Statistical power

e Race/ethnicity heterogeneity and admixture

* Intergenic regions

e Family structure/clustering

* Analytic pipeline
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Data available for Download

We are releasing the summary data from our genome-wide meta analyses of glycaemic traits, in
order to enable other researchers to examine particular variants or loci of their interest for
association with these traits. The files include p-values and direction of effect at over 2 million
directly genotyped or imputed single nucleotide polymorphisms (SNPs), as well as frequency
information from the HapMap project (release 27).

Acknowleding the data

When using data from the downloadable meta-analyses results please acknowledge the source of
the data as follows: "Data on glycaemic traits have been contributed by MAGIC investigators
and have been downloaded from www.magicinvestigators.org".

In addition to the above acknowledgement, please cite the relevant paper.

Downloading the data
The data can be downloaded from the magic directory on the Sanger FTP site:
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GIANT consortium data files

We are releasing the summary data from our 2010-2013 meta-analyses of Genome-wide Association (GVWA) data, in order to enable other researchers to examine particular variants or
loci for their evidence of association with anthropometric traits. The files include pvalues and direction of effect at over 2 million directly genotyped or imputed single nucleotide
polymorphisms (SMPs). To prevent the possibility of identification of individuals from these summary results, we are not releasing allele frequency data from our samples.

Contents [hide]

1 GIANT Consortium 2010 GWAS Metadata is Available Here for Download
1.1 2010 Data File Description:
1.2 BMI (download GZIF)
1.3 Height {download GZIP)
1.4 WHRad]BMI (download GZIF)
2 GIANT consortium 2012-2015 GWAS Metadata iz Available Here for Download
2.1 2012-2015 Data File Description:
2.2 GWAMA Age-fSex-Stratified 2015 BMI and WHR
2.3 GWAS Anthropometric 2015 BMI
2.4 GWAS Anthropometric 2015 Waist
2.5 GWAS Anthropometric 2014 Height
2.6 Variability in BMI and Height
2.7 Sex Stratified Anthropometrics
2.8 Extremes of Anthropometric Traits

GIANT Consortium 2010 GWAS Metadata is Available Here for Download
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LD Hub is a centralised database of summary-level GWAS results and a web interface for LD score
regression.

Get Started with LD Hub
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Summary Results from Many Large Consortia
Are Available Online

For large-scale or genome-wide genetic studies, we feel that widespread availability of the complete set of
results is highly desirable. Authors of manuscripts describing new genome-wide association or similar data
must indicate in their cover letter whether at least a minimal set of summary results (p value and direction of
effect) will be made freely available for all variants, either as supplementary material, by being publicly
posted, or by being deposited in a database that is accessible to researchers with minimal restrictions on
access. Making these results available will not neces=zarily be required in all cases for acceptance of a
manuscript for publication, but the availability of results after publication will be considered in decisions
regarding publication. Accordingly, authors are strongly encouraged to make available complete lists of
summary statistics for large scale genetic studies.




Team Science/Consortia

. Jommg a consortium is often the first step in GWAS
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Team Science/Consortia

. Joining a consortium is often the first step in GWAS
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Statistical Power: Gene-Environment GWAS
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Statistical Power: Gene-Environment GWAS
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Statistical Power: Gene-Environment GWAS

N=80,000
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Statistical Power: Gene-Environment GWAS

N=80,000

Why is statistical power so

challenging?

Interaction



Statistical Power: Gene-Environment GWAS

N=80,000

We need to correct for 1,000,000
statistical tests when interrogating

genome!
o =0.05/1M or 5x108

Correction for only 1M tests given correlation in human
genome




Race/Ethnicity

PMID:21753830
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dramatically improved our understand-
ing of the genetic basis of complex
Fhronic di seases, such as Alsheimer’s dis-
Fase and type 2 diabetes, through more
phan 1,000 genome-wide association stod-
s (GWAS), These scan the genomes of
thousands of people for known genetic vari-
pnts, o find out which are associated witha
particular condition.

Yol the findings from such studies are
ikely to have less relevance than was

In the past decade, researchers have

7

previously thought for the worlds popu-
lation asa whole, Minety -six per cent of

SUMMARY

& Tho=s mo=t in need must not be the
la=t to benefit from genetic ressarch

® Reviewers and granting bodies must
demand mcial and ethnic diversity in
sanome studies

» Gobal 2enomics needs the financial
=upport of sovernmentsand non-profits

Heterogeneity

Genomics for the world

Medical genomics has focused almost entirely on those of European descent. Other
ethnic groups must be studied to ensure that more people benefit, say
Carlos D. Bustamante, Esteban Gonzilez Burchard and Francisco M. De La Vega.

sibjects included in the GWAS conduc ted
5o far are peaple of European descent’ (see
“sampling biag ). And arecent Natwre survey
suggests that this biasislikely to persist in
the upcoming efforts o sequence peoplds
entire genomes®.

Geneticists worldwide mu st investigatbe
amuch broade ensem ble of populations,
including racial and ethnic minoritie s. 17 we
do not, a biased pictune will emerge of which
variantsane important, and genomic medi-
cine willlargely benefita privileged few  #




Race/Ethnicity Heteroge

-

neity

Why are genomic studies in non-
European populations necessary?
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Limited Studies Suggest that Genes Generalize

Across Global Populations...

A meta-analysis identifies new loci associated with body
mass index in individuals of African ancestry

Genome-wide association studies (GWAS) have identified

36 loci associated with body mass index (BMI), predominantly
in populations of European ancestry. We conducted a meta-
analysis to examine the association of =3.2 million SNPs

with BMI in 39,144 men and women of African ancestry and
followed up the most significant associations in an additional
32,268 individuals of African ancestry. We identiiied one

new locus at 5433 (GALNTT10, rs7708584, P=3.4 x 10-11)
and another at 7p15 when we included data from the GIANT
consortium (MIRT48A-NFE2L3, rs10261878, P=1.2 x 10-10),
We also found suggestive evidence of an association al a

third locus at 6q16 in the African-ancestry sample (KLHL32,
rs974417, P = 6.9 x 10-9), Thirty-two of the 36 previously
established BMI variants showed directionally consistent effect
estimates in our GWAS (binomial P = 9.7 x 10-7), five of which
reached genome-wide significance. These findings provide
strong support for shared BMI loci across populations, as well
as for the utility of studying ancestrally diverse populations.

of GALNT10, P = 8.02 % 10-7), has not been previously associated with
BMI at genome-wide significant levels in any population.

We subsequently selected the 1,500 most significantly asso-
ciated SNPs from stage 1 (P < 1.19 x 10%) and examined asso-
ciations with BMI in an independent sample of 6,817 men and
women of African ancestry from seven additional studies (stage 2)
(Online Methods, Supplementary Tables 1-3 and Supplementary
Note). Of these 1,500 SNPs, 179 replicated at nominal significance
(P < 0.05) and had effects that were directionally consistent with those
in stage 1 (Supplementary Table 4). A meta-analysis of stages 1 and
2 revealed a second new locus, 6q16 (rs974417, located in an intronic
region of KLHL32; stage 2 P = 3.5 x 103, combined stages 1 and 2
P =22 x 10%), and confirmed our finding at rs7708584 on 5g33
near GALNTI10 (stage 2 P = 9.4 x 10-3, combined stages 1 and 2
P =2.2 % 10-19), We further examined the associations of these two
variants in a third stage composed of 25,451 individuals of African
ancestry from an additional 12 studies. We found support for an asso-
ciation with both variants, although the strength of the association was
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Generalization of Associations of Kidney-Related
Genetic Loci to American Indians

MWora Franceschini,® Karin Haack,” [awra .-‘Hl.ru:iy,' Sandra [aston,” Flisa T, Lee*® Lvle G. Best,¥ Richard B, Fabsitz,"
Jean W MacCluer,” Barbara V. Howard, T Jason G, Ulrnans, Y= and Shelley A. Cole!

Summary

Backgmq.n'bd and ahjnﬂivﬁ CED disproportionally affects American Indians, who similar to other populations,
show genetic susceplibility to kidney oulcomes. Recent studies have identified several loci associated with
kidney traits, but their relevance in American Indians is unknown

Design, setting, participants, & measurements This study used data from a large, family-based genetic study of
American Indians (the Strong Heart Fﬂmil}r Sl_ud}r]_ which includes 94 multigeneralimal families enrolled
from communities located in Oklahoma, the Dakotas, and Arizona. Individuals were recruited from the Strongs
Heart Study, a population-based study of cardiovascular disease in American Indians. This study selected

25 single nucleotide polymorphisms in 23 loci identified from recently published kidney-related genome-wide
association studies in individuals of European ancestry to evaluate their associations with kidney function
(estimated GFR; individuals 18 years or older, up to 3282 individuals) and albuminuria (urinary albumin to
creatinine ratio; #=3552) in the Strong, Heart Family Study. This study also examined the association of single
nuclentide polymorphisms in the APOLT region with estimated GFR in 1121 Strong Heart Family Study par-
ticipants. GFR was estimated using the abbreviated Modification of Dict in Renal Discase Equation. Additive
genetic models adjusted for age and sex were used.

Results This study identified significant associations of single nucleotide polymorphisms with estimated GFR in
or nearby PREAG2, SLC6A13, UBE2(2, PIPSKIE, and WDRF2 (P<2.1 * 107 to account for multiple testing).
Single nucleotide polymorphisms in these loci explained 2.2% of the estimated GFE total variance and 2.9% of its
heritability. An intromic varant of BCAS3 was significantly associated with urnary albumin to creatinine ratio.
APOLT single nucleotide polymorphisms wene not associated with estimated GFR in a single variant test or
haplotype analyses, and the at-risk variants identified in individuals with African ancestry were not detected in
DMA sequencing of American Indians.

Conclusion This study extends the genetic associations of ol affecting kidney function to American Indians, a
population at high risk of kidney disease, and provides additional support for a potential biologic relevance of
these loo across ancestries.

Clin | Am Soc Nephrol 9: 150-158, 2014, doi: 102215/ CIN.02300213
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Genetic Determinants of Lipid Traits in Diverse
Populations from the Population Architecture using
Genomics and Epidemiology (PAGE) Study

Logan Dumitrescu’, Cara L. Carty®, Kira Taylor®, Fredrick R. Schumacher®, Lucia A. Hindorff®, José L.
Ambite®, Garnet Anderson?, Lyle G. Best’, Kristin Brown-Gentry', Petra Biizkova®, Christopher 5.
Carlson®, Barbara Cochran®, Shelley A. Cole™, Richard B. Devereux'’, Dave Duggan'?, Charles B.
Eaton'®, Myriam Fornage'*"%, Nora Franceschini”, Jeff Haessler’, Barbara V. Howard'®, Karen C.
Johnson'?, Sandra Laston®, Laurence N. Kolonel'®, Elisa T. Lee'®, Jean W. MacCluer'®, Teri A. Manolio®,
Sarah A. Pendergrass’, Miguel Quibrera®®, Ralph V. Shohet®’, Lynne R. Wilkens'®, Christopher A.
Haiman®, Loic Le Marchand'®, Steven Buyske®?, Charles Kooperberg®, Kari E. North®***, Dana C.
Crawford 2%+

1 Center for Human Genetics Hesearch, Vanderbilt University, Nashwille, Tennessee, United States of Amenca, 2 Public Health Sciences, Fred Hutchinson Cancer Beseanch
Center, Seattle, Washington, United States of America, 2 Department of Epideminlogy, Unisersty of North Caroling, Chaipel Hill, Morth Canoling, United States of America,
& Department of Preventive Medicine, Keck School of Medicine, University of Soathemn California, Los Angeles, Califomia, United States of America, 5 Office of Population
Genomics, Mational Husman Genome Hesearch Institute, Bethesda, Maryland, United States of America, & Information Sciences Institute, Unfsersity of Southern Califomia,
Los Angeles, Californis, United States of Amenics, 7 Missouri Breaks industries Research, Timber Lake, South Dekota, United States of America, 8 Department of
Biostatistics, Universty of Washington, Seattle, Washington, United States of Amernica, 8 Sponsored Programs, Baylor College of Medicine, Houston, Texas, United States of
America, 10 Department of Genetics, Southwest Foundation for Biomedical Research, San Antonio, Tesas, United States of America, 11 Department of Medidne, 'Weill
Comell Medical College, New York, Mew York, United States of America, 12The Ti 1al Genomics Re h Imsti Phoenix, Ariona, United States of Amernica,
13 Department of Family Medicne and Community Health, Alpert Medical Sthool of Brown University School of Medicne, Providence, Rhode sland, United States of
America, 14 Institute of Molecular Medicdne, University of Texas Health Sciences Center at Houston, Texss, United States of America, 15 Division of Epidemiology, School
of Public Health, University of Texas Health Scences Center, Houston, Texas, United States of America, 16 Medstar Research Institute, Washington, DL, United States of
America, 17 Department of Preventive Medicne, University of Tennessee Health Scence Center, Memphis, Tennesses, United States of America, 18 Epidemiology
Program, University of Hawaii Cancer Center, Department of Medicine, bofin A Burmns School of Medicine, University of Heawaii, Honolubu, Hawasi, United States of America,
19 University of Dkdahorma Health Scences Center, Oklahoma City, Ohdahoma, Umnited States of America, 30 5chool of Pubbc Health, University of Norh Caroling, Chapel
Hill, Morth Caraling, United States of America, 21 Center of Candiovasoular Research, Department of Medicine, John A. Bums School of Medicne, University of Hawaii,
Homalulu, Hawas, United States of America, 22 Depastment of Statistics and Bostatistos, Rutgers University, Pcalaway, Mew Jerey, United States ol Amerdca, 23 Carslina
Center bor Genome Scienoes, University of Morth Canoling, Chapel Hill, Morth Canoling, United States of America, 24 Departsment of Molecular Physiology and Biophysics,
WariberDill Liniversity, Mashwille, Tenmesses, United States of America

Abstract

For the past five years, genome-wide association studies (GWAS) have identified hundreds of common variants associated
with human diseases and traits, including high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
{LDL-C), and triglyceride (TG) levels. Approximately 95 lod associated with lipid levels have been identified primarily among
populations of European ancestry. The Population Architecture using Genomics and Epidemiology (PAGE) study was
established in 2008 to characterize GWAS-identified variants in diverse population-based studies. We genotyped 49 GWAS-
identified SMNPs associated with one or more lipid traits in at least two PAGE studies and across six radcialfethnic groups. We
peformed a meta-analysis testing for SNP associations with fasting HDL-C, LDL-C, and In(TG) levels in self-identified
European American {—20,000), African American (—9,000), American Indian (—6,000), Mexican American/Hispanic {—2,500),
Japanese/East Asian (-—-690), and Pacific Islander/Mative Hawaiian (-—175) adults, regardless of lipid-lowering medication use.
We replicated 55 of 60 (92%) SNP associations tested in European Americans at p<-0.05. Despite sufficient power, we were
unabile to replicate ABCAT rs4149268 and rs1883025, CETP rs1864163, and TTC398 rs471364 previously associated with HDL-
C and MAFE rs6102059 previously associated with LDL-C. Based on significance (p-<0.05) and consistent direction of effect, a
majority of replicated genotype-phentoype assodations for HDL-C, LDL-C, and In(TG) in European Americans generalized to
African Americans (48%, 61%, and 57%), American Indians (45%, 64%, and 77%), and Mexican Americans/Hispanics (57%,
56%, and B6%). Overall, 16 associations generalized across all three populations. For the associations that did not generalize,
differences in effect sizes, allele frequencies, and linkage disequilibrium offer clues to the next generation of assodation
studies for these traits.

Clin | Am Soc Nephrol
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Generalization of Associations o
Genetic Loci to American Indian

MWora Franceschini,® Karin Haack,” [awra .-‘Hl.ru:iy,' Sandra [ aston,” FliY
Jean W MacCluer,” Barbara V. Howard, ¥ Jason G, Urmans, Y= and 51

Summary

Background and objectives CKD disproportionally affects Americ
show genetic susceplibility to kidney oulcomes. Recent studies h
kidney traits, but their relevance in Americn Indians is unknows

Design, setting, participants, & measurements This study used da
American Indians (the Strong Heart Family Study), which inchad
from communities located in Oklahoma, the Dakotas, and Arizon)
Heart Study, a population-based study of cardiovascular disease
25 single nucleotide polymorphisms in 23 loci identified from ey
association studies in individuals of European ancestry to evalua
(estimated GFR; individuals 18 years or older, up to 3282 individ
creatinine ratio; #=3552) in the Strong, Heart Family Study. This s
nuclentide polymorphisms in the APOELT region with estimated (]
ticipants. GFR was cstimated using the abbreviated Modification
genetic models adjusted for age and sex were used.

Results This study identified significant associations of single nucl
or nearby PREAG2, SLO6A13, UBE2(2, PIPSKIE, and WDR?2 (P
Single nucleotide polymorphisms in these loci explained 2.2% of th
heritability. An intromic varant of BCAS3 was significantly associ]
APOLT single nucleotide polymorphisms wene not associated wil
haplotype analyses, and the at-risk variants identified in individu
DMA sequencing of American Indians.

Conclusion This study extends the genetic associations of loci aff
population at high risk of kidney disease, and provides additional
these loci across ancestries.
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Abstract

For the past five years, genome-wide association studies (GWAS) have identified hundreds of common variants associated
with human diseases and traits, including high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
{LDL-C), and triglyceride (TG) levels. Approximately 95 lod associated with lipid levels have been identified primarily among
populations of European ancestry. The Population Architecture using Genomics and Epidemiology (PAGE) study was
established in 2008 to characterize GWAS-identified variants in diverse population-based studies. We genotyped 49 GWAS-
identified SMNPs associated with one or more lipid traits in at least two PAGE studies and across six radcialfethnic groups. We
peformed a meta-analysis testing for SNP associations with fasting HDL-C, LDL-C, and In(TG) levels in self-identified
European American {—20,000), African American (—9,000), American Indian (—6,000), Mexican American/Hispanic {—2,500),
Japanese/East Asian (-—-690), and Pacific Islander/Mative Hawaiian (-—175) adults, regardless of lipid-lowering medication use.
We replicated 55 of 60 (92%) SNP associations tested in European Americans at p<-0.05. Despite sufficient power, we were
unabile to replicate ABCAT rs4149268 and rs1883025, CETP rs1864163, and TTC398 rs471364 previously associated with HDL-
C and MAFE rs6102059 previously associated with LDL-C. Based on significance (p-<0.05) and consistent direction of effect, a
majority of replicated genotype-phentoype assodations for HDL-C, LDL-C, and In(TG) in European Americans generalized to

—_ ¥

56%, and B6%). Overall, 16 associations generalized across all three populations. For the associations that did not generlize.
differences in effect sizes, allele frequencies, and linkage disequilibrium offer clues to the next generation of assodation
studies for these traits.




GENETIC ANALYSIS OF AFRICAN
POPULATIONS: HUMAN EVOLUTION
AND COMPLEX DISEASE

Sarah A. Tishkoff* and Scott M. Williams*®

Africa is one of the most ethnically and genetically diverse regions of the world. It is thought to be
the ancestral homeland of all modern humans, and is the homeland of millions of people of the
recent Alncan diaspora. Because of the central role of Alncan populations in human history,
characterizing their patterns of genetic diversity and linkage disequilibrium is crucial for
reconstructing human evolution and for understanding the genetic basis of complex diseases.

PMID:12154384
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Abstract

For the past five years, genome-wide association studies (GWAS) have identified hundreds of common variants assocdated
with human diseases and traits, including high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
{LDL-C), and triglyceride (TG) levels. Approsdimately 95 lod associated with lipid levels have been identified primarily among
populations of European ancestry. The Population Architecture using Genomics and Epidemiology (PAGE) study was
established in 2008 to characterize GWAS-identified variants in diverse population-based studies. We genotyped 49 GWAS-
identified SMNPs associated with one or more lipid traits in at least two PAGE studies and across six racialfethnic groups. We
performed a meta-analysis testing for SNP associations with fasting HDL-C, LDL-C, and In(TG) levels in self-identified
European American {—20,000), African American (—9,000), American Indian (—6,000), Mexican American/Hispanic (—2,500],
Japanese/East Asian (-—690), and Pacific lslander/Mative Hawaiian (-—175) adults, regardiess of lipid-lowering medication use,
We replicated 55 of 60 (92%) SNP associations tested in European Americans at p<-0.05. Despite sufficient power, we werne
unabile to replicate ABCAT rs4149268 and rs1 883025, CETP rs1864163, and TTC398 rs471364 previcusly associated with HOIL-
C and MAFB rs6102059 previously associated with LUDL-C. Based on significance (p--0.05) and consistent direction of effect, a
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The rs1045642 A Allele:
Substantial Variation Across Global Populations

1000 Genomes Project Phase 3 allele frequencies
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Approximately 33% (i.e. 0.57/2) of the SAS
population is homozygous for the causal
allele compared to 2.3% (i.e. 0.1572) of the
AFR population.



Linkage Disequilibrium (LD)

* Non-random assortment of alleles at 2+
SNPs

e Population-specific!

* The closer the SNPs, the stronger the LD
since recombination will have occurred at a

lower rate

* Two markers are in LD if knowinﬁ.the allele
at one marker allows you to predict the
allele at the other marker

e E.g.in a population where there are AB, Ab,
and aB haplotypes at adjacent markers, but no
ab haplotypes, if we know an individual hasa b
allele, we know that s/he also has at least one A

allele.
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Generalization and Dilution of Association Results from
Ra Ce/EthI European GWAS in Populations of Non-European
Ancestry: The PAGE Study
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Alicia Young', Cara Carty’, Gerardo Heiss?, Loic Le Marchand'?, Dana C. Crawford'®, Lucia A. Hindorff'*,

Take-home messages:

1 — Genes generalize, but variation in SNPs exist.

2 — Studies in non-European populations are needed.
A. Implications for gene-environment?

3 — Genetic analyses should be population-specific.

A. Analyses also need to address within-population variation
(e.g. with ancestral principal components.)

Citation: Carlson C5, Matise TC, North KE, Haiman CA, Fesinmeyer MDD, et al. (2013) Generalization and Dilution of Association Results from Furopean GWAS in
Populations of NMon-European Ancestry: The PAGE Study. PLoS Biol 11(9): e1001661. doi:10.1371/journal.pbic.1001661
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Genes mirror geography within Europe

John Novembre'? Toby Johnson®~#, Hatarzyr_na Bryc’, Zoltdn Kutalik*® Adam R. Boyko’, Adam Auton’,
Amit Indap?, Karen 5. H'.ing", Sven Eergmannd‘“, Matthew R. NelsﬂnﬂJ Matthew SterJ-hens‘j'J & Carlos D. Bustamante’

Understandding the penetic structore of human populations is of
fondamental interest to medical, forensic and anthropological
scences. Advances in high-thronghput genotyping technology
have markedly improved our understanding of global patterns
of homan genetic variation and suggest the potential to use large
samples to uncover variation among closely spaced populations'—=,

Here we characterize genetic variation in a sample of 3,000

—European individnals genotyped at oxer half a2 million xarishle

DNA sites in the human genome. Despite low average levels of
genetic differentiation among Enropeans, we find a dose corres-
pondence between genetic and geographic distances; indeed, a
geographical map of Europe arises naturally as an efficient two-
dimensional summary of genetic variation in Europeans. The

T S CINpL asize o MApPPIng i 8 d15Case
phenotype, spurious associations can arise if genetic struocture is
naot properly acoounted for. In addition, the results are relevant to
the prospects of genetic ancestry tmﬁr@": an individual's DMNA can
be used to infer their geographic origin with so rprising acuracy—
often to within a few hundred kilometres,

The resulting figure bears a notable resemblance to a geographic map
of Europe (Fig. 1a). Individual from the same geographic region
duster together and major populations are distinguishable
Geographically adjacent populations typically abut each other, and
recognizable geographical features of Europe such as the [berian
peninsula, the Italian peninsula, southeastern Europe, Cyprus and
Turkey are apparent. The data reveal structure even among French-,
German- and [talian-speaking groups within Switzerland (Fig. 1h),
and between [reland and the United Kingdom ( Fig. 1a, [E and GE).
Within some countries individuals are strongly differentiated along
the principal component (PC) axes, suggesting that in some cases the
resplution of the genetic data may exceed that of the available geo-
graphic information.

When we quantitatively compare the geographic position of coun-
tries with their PC-based genetic positions, we observe few pro-
minent differences between the two (Supplementary Fig. 1], and
those that exist can be explained either by small sample sizes (for
example, Slovakia (5K1) or by the coarseness of our geographic data
[a problem for large countries, for example, Russia [RU)); see




Population Structure within Europe
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Genomewide Association Analysis of Coronaty A

dgﬂ A Common Allele on Chromosome 9
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Genome-wide association study of 14,000

cases of seven common diseases and
- 3,000 shared controls

The|

ABSTRACT

BACKGROUND

Modern genowyping placforms permit a syseemacic search for inherited components
of complex diseases. We performed a joint analysis of wo genomewide association
studies of coronary arcery disease.

METHODS

‘We first identified chromosoma' loci that were strongly associated wich coronary ar-
tery disease in the Wellcome Truse Case Conerol Consordum (WTCCC) study fwhich
involved 1926 case subjects with coronary arery disease and 2938 controls) and looked
fior replication in the German MI [Myocardial Infarction] Family Seudy (which involved
875 case subjects with myocardial infarction and 1644 controls). Data on other single-
nucleotide polymorphisms (SHPs) that were significantdy associaeed with coronary
arrery disease in either study (Pe0U001) were then combined eo identify additional loci
with a high probability of true association. Genotyping in boch studies was performed
with gie use of the GeneChip Human Mapping S00K Array Sec (Affrmeerix).

RESULTS

Of chousands of chromosomal loci smdied, the same locus had the scrongese as-
sociation with coronary areery disease in both the WTCCC and the German studies:
chromosome 9p21.3 (SNP rs1333049) (P=1L.80x10-* and P'=3.40x10-*, respectively).
Owerall, the WTCCC study revealed nine loci thar were strongly associaved with
coronary areery disease (Pe1.2x1077 and !ess than a 509% chance of being falsely
positive). In addition to chromosome 9p21.3, two of chese locd were successfully
replicared (adiusted P<0.05) in the German swdy: chromosome 6g25.1 (rs65922269)
and chromosome 2g36.3 (rs2943634). The combined analysis of the two studies
identified four additiona! 'oci significantly associated with coronary arcery disease
[P<1.3x10-%) and a high probability (>80°%) of a wrue association: chromosomes
1pl3.3 (rs599839), 1g41 (rs17465637), 1061121 (rs500120), and 1592233 (rs172282132).
CONCLUSIONS

We idencified severa! genede loci that, individually and in aggregate, substantdially
affect the risk of development of coronary artery disease.

: = Heart Disease

addl Ruth McPherson,'*t Alexander Pertsemlidis,** Nihan Kavaslar,* Alexandre Stewart,’
From Robert Roberts,’ David R. Cox,* DEI\I'I{:I A. Hlnds Len A. Penna{{hm %> Anne Tyh]aerg-Hansen &
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9p21.3: Replicated Locus with Zero Prior
Biologic Plausibility

Region Displayed: 21 90K 22.820Kbp The risk interval narrowed to a
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9p21.3: Replicated Locus with Zero Prior
Biologic Plausibility

Region Displayed: 21,990K-22,820K bp

Coronary Heart Disease
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Family Structure/Clustering

 Add Health GWAS data has a non-negligible number of related
participants
e Failure to address lack of independence between family members leads to
anti-conservative P-values

e Most “canned” software (e.g. PLINK, ProbAbel) does not address relatedness

e Option 1 (easiest): exclude all but one member of each first-degree
relative set (kinship matrix provided on dbGap) and proceed as
unrelated.

e Option 2 (more work, more power): model the family structure

e School clustering also requires extension of models to include
additional variance components



Analytic Pipeline: Addresses Add Health Data
Challenges

* GWAS tools have been published that can accommodate Add Health
analysis challenges

e Implementation may be challenging if modest Unix/R/python
expertise

* Scalability remains a challenge in GWAS setting.

e Linear mixed models run locally can be used when examining a limited
number of SNPs



Analytic Pipeline: Addresses Add Health Data

Challenges
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Control for Population Structure and Relatedness
for Binary Traits in Genetic Association Studies
via Logistic Mixed Models
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Linear mixed models (LMMs) are widely used in genome-wide association studies (GWASs) to account for population structure and relat-
edness, for both continuous and binary traits. Motivated by the failure of LMMs to control type 1 errors in a GWAS of asthma, a binary
trait, we show that LMMs are generally inappropriate for analyzing binary traits when population stratification leads to violation of the
LMM’s constant-residual variance assumption. To overcome this problem, we develop a computationally efficient logistic mixed model
approach for genome-wide analysis of binary traits, the generalized linear mixed model association test (GMMAT). This approach fits a
logistic mixed model once per GWAS and performs score tests under the null hypothesis of no association between a binary trait and
individual genetic variants. We show in simulation studies and real data analysis that GMMAT effectively controls for population struc-
ture and relatedness when analyzing binary traits in a wide variety of study designs.
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Bioconductor

OPEM S5OURCE SOFTWARE FOR BIOINFORMATICS

Install

Home *» Bioconductor 3.3 » Software Packages » GWASTools
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build fok
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Tools for Genome Wide Association Studies

Bioconductor version: Releaze (3.3)

Classes for storing very large GWAS data sets and annotation, and functions for GWAS data cleaning
and analysis.

Author: Stephanie M. Gogarten, Cathy Laurie, Tushar Bhangale, Matthew P. Conomaos, Cecelia Laurie,
Caitlin McHugh, Ian Fainter, Xiuwen Zheng, Jess Shen, Rohit Swarnkar, Adrienne Stilp, Sarah Melson

Maintainer: Stephanie M. Gogarten <sdmorris at u.washington.eduz, Adrienne Stilp <amstilp at
u.washington.edu=

Citation (from within R, enter citation{"awasTool=")):
Gogarten SM, Bhangale T, Conomos MP, Laurie CA, McHugh CP, Painter I, Zheng X, Crossln DR,
Levine O, Lumley T, Melsan SC, Rice K, Shen 1, Swarnkar R, Weir BS and Laurie CC (2012).
"GWASTools: an RfBioconductor package for quality control and analysis of genome-wide association
studies.” Bioinformatics, 28(24), pp. 3329-3331.

Developers About

Documentation =

Bioconductor

* Package vignettes and manuals.

= Worlkflows for learning and use.
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» Videos.
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Conclusions

 Add Health GWAS data offer a wealth of opportunities for advancing
the understanding of human phenotypes and traits

e Very unique resource: few studies of nationally representative populations
beginning in adolescence are available
e Genomics data are challenging at first to use, but numerous resources
exist
e Consider establishing relationships with existing consortia/engaging a genetic
epidemiologist etc.
* Genetics of “social science” traits, gene-environment interactions etc.
remain largely unexplored
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