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StrategiesStrategies toto identifyidentify diseasedisease 
producingproducing mutationsmutations 

••	 LinkageLinkage analysis:analysis: sharingsharing ofof samesame alleleallele 
withinwithin diseaseddiseased familyfamily membersmembers 

••	 AssociationAssociation studies:studies: correlationcorrelation betweenbetween 
aa genotypegenotype andand diseasedisease statusstatus 
-- TypicalTypical design:design: unrelatedunrelated casescases andand populationpopulation 

controlscontrols 

-- CandidateCandidate gene/pathwaygene/pathway associationassociation 
-- GenomeGenome widewide associationassociation studiesstudies (GWAS)(GWAS) 
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IssuesIssues inin AssociationAssociation StudiesStudies 

•• SourcesSources ofof bias:bias: 
-- SelectionSelection biasbias 

-- ConfoundingConfounding 

-- DifferentialDifferential miss-classificationmiss-classification (genotyping(genotyping error)error) 

•• VarianceVariance distortion:distortion: crypticcryptic relatednessrelatedness 

•• MarkerMarker versusversus truetrue functionalfunctional SNPSNP 

•• MultipleMultiple ComparisonsComparisons 
-- DiscoveryDiscovery versusversus confirmationconfirmation studystudy 
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SelectionSelection BiasBias 

••	 Non-randomNon-random selectionselection ofof casescases andand controlscontrols cancan 
createcreate biasbias ifif 
--	 TheThe selectionselection mechanismmechanism dependsdepends onon exposureexposure ofof 

interestinterest andand isis differentialdifferential byby diseasedisease statusstatus 

•• LessLess ofof aa concernconcern forfor geneticgenetic associationassociation 
studies,studies, butbut influenceinfluence ofof familyfamily historyhistory andand 
behavorialbehavorial genesgenes onon participationparticipation ofof casescases andand 
controlscontrols cancan createcreate problemproblem 
--	 E.g.E.g. healthyhealthy subjectssubjects areare moremore likelylikely toto participateparticipate ifif 

theythey havehave familyfamily historyhistory 
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ConfoundingConfounding
 

••	 ConfoundingConfounding bias:bias: diseasedisease outcomeoutcome seemsseems associatedassociated withwith 
exposureexposure merelymerely duedue toto itsits correlationcorrelation withwith truetrue risk-factorrisk-factor forfor diseasedisease 

ItIt Population-stratificationPopulation-stratification (PS):(PS): particularparticular typetype ofof 
confounding:confounding: unobservedunobserved sub-populationssub-populations withwith 
differentdifferent alleleallele frequenciesfrequencies andand differentdifferent diseasedisease 
frequencies;frequencies; causescauses 
-- spuriousspurious association,association, i.e.i.e. falsefalse positivepositive results,results, oror
 

-- failurefailure toto detectdetect truetrue associationsassociations
 

toto avoidavoid PSPS casescases andand controlscontrols shouldshould havehave comparablecomparable 
geneticgenetic ancestryancestry backgroundbackground 
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Population-stratification,Population-stratification, cant.cant. 

NoNo methodsmethods forfor candidatecandidate genegene studiesstudies 

InIn GWAS,GWAS, availabilityavailability ofof manymany nullnull SNPsSNPs allowsallows toto
 
-- MonitorMonitor thethe extentextent ofof PSPS
 

Over-dispersionOver-dispersion factorfactor
 
Q-QQ-Q plotplot
 

-- EstimateEstimate thethe populationpopulation ancestryancestry andand correctcorrect forfor PSPS 
(at(at thethe costcost ofof power)power) 

STRUCTURESTRUCTURE (Pritchard(Pritchard etet al.al. 2000)2000) 

EIGENSTRATEIGENSTRAT (Price(Price etet al.al. 2006)2006) 

OtherOther methods:methods: SattenSatten etet al.al. 2001,2001, EpsteinEpstein etet ai,ai, 20072007 
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DifferentialDifferential GenotypeGenotype
 
Miss-ClassificationMiss-Classification
 

FailureFailure toto callcall genotypegenotype notnot independentindependent ofof case-controlcase-control statusstatus 

••	 Case-controlCase-control studiesstudies couldcould bebe proneprone toto differentialdifferential genotypinggenotyping 
errorerror duedue toto differencesdifferences inin 
-- DNADNA qualityquality 
-- SampleSample storagestorage
 
-- shipmentshipment
 

••	 DifferentialDifferential measurementmeasurement errorerror cancan causecause biasbias awayaway fromfrom nullnull 

ClaytonClayton etet ai,ai, NatureNature Genetics,Genetics, 20052005 
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VarianceVariance distortion:distortion: crypticcryptic 
relatednessrelatedness 

•• ExistenceExistence ofof sub-populationssub-populations withwith samesame alleleallele 
freqfreq uenciesuencies 

•• AllelesAlleles inin samesame subpopulationsubpopulation areare correlatedcorrelated (180(180 
sharing)sharing) 

•• MarkerMarker allelesalleles acrossacross differentdifferent sub-populationssub-populations areare 
uncorrelateduncorrelated 

••	 CausesCauses variancevariance distortiondistortion 
•• CorrectedCorrected withwith genomicgenomic controlcontrol approach:approach: 

computecompute variancevariance inflationinflation factorfactor (Devlin(Devlin andand Roeder,Roeder, 1999,1999, 
SetakisSetakis etet ai,ai, 2006,2006, ZhengZheng etet ai,ai, 2006,2006, ReichReich andand Goldstein,Goldstein, 2001)2001) 

•• GenomicGenomic controlcontrol methodsmethods dodo NOTNOT correctcorrect forfor 
populationpopulation stratification!stratification! MarchiniMarchini etet ai,ai, 2004;2004; CampellCampell 
etet allall 20052005 
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WhichWhich SNPsSNPs toto Genotype?Genotype? 

••	 1010 millionmillion commoncommon singlesingle nucleotidenucleotide polymorphimspolymorphims 
(SNPs)(SNPs) 

••	 UtilizationUtilization ofof correlationcorrelation (Linkage(Linkage Disequilibrium,Disequilibrium, LD)LD) 
ofof geneticgenetic variantsvariants nearnear eacheach otherother toto obtainobtain aa reducedreduced 
setset ofof 300K-1300K-1 mm SNPsSNPs thatthat capturescaptures mostmost ofof geneticgenetic 
variationvariation 
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LinkageLinkage DisequilibriumDisequilibrium 

Bi-allelicBi-allelic diseasedisease locus:locus: diseasedisease alleleallele GG (PG),(PG), wildwild 
typetype alleleallele 99 (p(pgg);); Bi-allelicBi-allelic marker:marker: a,a, AA (Pa'(Pa' PA)PA) 

LinkageLinkage disequilibriumdisequilibrium (LD)(LD) defineddefined asas 

oo == P(A,P(A, GG )) -- PAPA PGPG 

rr22:(D')2:(D')2 PaPG/PAPPaPG/PAPgg 

D'D' isis upperupper boundbound ofof rr22 
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GenotypeGenotype basedbased testtest forfor
 
independentindependent casescases && controlscontrols 

MarkerMarker GenotypeGenotype 

aaaa aAaA AAAA totaltotal 

CasesCases rroo rr11 rr22 RR 

ControlsControls SoSo S1S1 S2S2 SS 

TotalTotal nono nn11 nn22 NN
 
countscounts
 

RemarkRemark onon thethe nullnull hypothesishypothesis 

HHoo::"no"no associationassociation betweenbetween SNPSNP andand disease"disease" 

isis truetrue ifif eithereither oneone ofof thethe followingfollowing 

1.1. DiseaseDisease hashas nono geneticgenetic componentcomponent 
2.2. truetrue diseasedisease locuslocus notnot inin LDLD withwith observedobserved SNPSNP 
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SampleSample SizesSizes NN forfor 10010000JbJb attainableattainable LDLD 
betweenbetween markermarker andand causalcausal locus,locus, 

OR=2.7,OR=2.7, a=O.05,a=O.05, powerpower == .80,.80, AR=O.1AR=O.1 

Prob.Prob. GeneticGenetic DiseaseDisease SNPSNP DiseaseDisease TagTag SNPSNP TagTag SNPSNP PPAA == 
Dis.Dis. modelmodel PPGG SNPSNP PA=0.2PA=0.2 0.50.5 

NN NN NN 

0.10.1	 AdditiveAdditive 0.040.04 312312 13161316 49384938 
rr22:::,17:::,17 rr22:::,05:::,05 

0.10.1 Dom.Dom. 0.040.04 330330	 14021402 53005300 

0.10.1 Recess.Recess. 0.290.29 594594	 938938 13221322 

0.010.01 AdditiveAdditive 0.030.03 338338	 15741574 58585858 

GenomeGenome widewide associationassociation 
approachapproach 

•• TryTry toto getget closercloser toto diseasedisease locuslocus byby highhigh 
densitydensity SNPSNP coverage:coverage: tagtag SNPsSNPs 

••	 ObtainObtain goodgood coveragecoverage ofof untypeduntyped SNPsSNPs byby 
rr22>O.8>O.8 withinwithin binbin 

•• PayPay priceprice ofof multiplicitymultiplicity 

••	 StillStill estimatedestimated thatthat 2525%% ofof SNPsSNPs notnot 
capturedcaptured adequatelyadequately byby LDLD andand tagtag SNPsSNPs 
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DesignsDesigns forfor associationassociation studiesstudies 

••	 SingleSingle stagestage design:design: allall markersmarkers measuredmeasured onon allall 
samplessamples 

••	 TwoTwo stagestage design:design: 

StageStage 1:1: ProportionProportion ofof availableavailable samplessamples genotypedgenotyped onon largelarge 
numbernumber ofof markersmarkers 

StageStage 2:2: ProportionProportion ofof thesethese markersmarkers areare followedfollowed upup byby
 
genotypinggenotyping themthem onon remainingremaining samplessamples
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.'."'..'."'. 
TwoTwo stagestage designsdesigns 

SkolSkol etet ai,ai, NatureNature Genetics,Genetics, 20062006 

StageStage 1:1: proportionproportion ofof samples,samples, TITI ,, genotypedgenotyped onon allall SNPsSNPs 

StageStage 2:2: SNPsSNPs thatthat havehave testtest statisticstatistic TT11 >C>C11 forfor somesome 
significancesignificance thresholdthreshold CC11 followedfollowed upup byby genotypinggenotyping onon 
remainingremaining samples.samples. 

ReplicationReplication analysis:analysis: viewview stagestage 22 asas replicationreplication study;study; finalfinal 
significancesignificance ofof SNPsSNPs basedbased onon analogousanalogous testtest statisticstatistic TT22 >C>C22 

JointJoint analysis:analysis: forfor eacheach ofof thethe SNPsSNPs selectedselected inin stagestage 1,1, 
computecompute II ~~ 

Tioint=Tioint= Tl"\/nTl"\/n ++ T2"\/1-T2"\/1- nn >> C3C3 
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Exa,mpleExa,mple 1:1: PowerPower computationscomputations 

•• 80008000 cases/SOOOcases/SOOO controlscontrols 
•• alpha=10-alpha=10-77 (500,000(500,000 tests)tests) 
•• DiseaseDisease prevalence=1prevalence=1 00/0,00/0, diseasedisease alleleallele
 

frequency=20frequency=20 oo/0,/0, additiveadditive model,model, OR=1.2OR=1.2
 
•• 250/0250/0 samplessamples genotypedgenotyped inin stagestage 11 
PowerPower forfor 

-- oneone stagestage analysis:analysis: 97%97% 
-- replicationreplication analysis:analysis: 86%86%
 
-- jointjoint analysis:analysis: 93%93%
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_.-';'-':'_.-';'-':'ExampleExample 2:2: 30003000 cases/3000cases/3000 controlscontrols 

••	 alpha=10-alpha=10-77 (500,000(500,000 tests)tests) 
••	 DiseaseDisease prevalence=1prevalence=1 00/0,00/0, diseasedisease alleleallele
 

frequency=20oiO,frequency=20oiO, additiveadditive model,model, OR=1.3OR=1.3
 
••	 50%50% samplessamples genotypedgenotyped inin stagestage 11 

PowerPower forfor
 
•• oneone stagestage analysis:analysis: 84%84%
 
•• replicationreplication analysis:analysis: 27%27%
 
.... jointjoint analysis:analysis: 83%83%
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PowerPower forfor twotwo stagestage genomegenome widewide 
scanscan (4000/4500(4000/4500 cases/controls)cases/controls) 

1.01.0	 1.01.0
1.01.0 

0.80.8	 0.80.8
0.80.8 

...... 0.60.6...... 0.60.60.60.6 .,., ~~ ~~ ~~ i:ll i:
 
c..c.. 0.4II 0.4
 

I:J,.I:J,. 

0.410.41 

0.20.2 
0.20.2 

0.00.0 L.....------===:::;:::==::::::;:::::'.JL.....------===:::;:::==::::::;:::::'.J 
1.21.2 1.41.4 1.61.6 1.81.8 2.02.01.21.2	 1.41.4 1.61.6 1.81.8 2.02.0 

GenotypeGenotype OddsOdds RatioRatio1.21.2 1.41.4 1.61.6 1.81.8 2.02.0 
GenotypeGenotype OddsOdds RatioRatioGenot)'peGenot)'pe OddsOdds RatioRatio 

riskrisk alleleallele frequencyfrequency equalequal toto (a)(a) 0.1;0.1; (b)(b) 0.3;0.3; andand (c)(c) 0.5.0.5. 

TwoTwo stagestage designs,designs, rankingranking 
StageStage 1:1: proportionproportion ofof samples,samples, TTTT ,, genotypedgenotyped onon allall SNPsSNPs 
StageStage 2:2: MM11 SNPsSNPs withwith smallestsmallest pp valuesvalues followedfollowed upup byby genotypinggenotyping onon 

remainingremaining samples.samples. 

ReplicationReplication analysis:analysis: viewview stagestage 22 asas aa replicationreplication study;study; finalfinal selectionselection ofof 
SNPsSNPs dependeddepended onon rankingranking ofof p-valuesp-values fromfrom stagestage 22 alonealone 

JointJoint analysis:analysis: forfor eacheach ofof thethe MM11 SNPsSNPs selectedselected inin stagestage 1,1, computecompute 

AA TT11 ++ (1-A)T(1-A)T2l2l AA =0.0,0.05,0.1,=0.0,0.05,0.1, ........ ,, 1.01.0 

TT ii testtest statisticstatistic forfor stagestage ii 

RankingRanking basedbased approachesapproaches areare forfor discovery!discovery! 

2020 
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ProbabilityProbability ofof detectingdetecting aa diseasedisease SNPSNP andand optimaloptimal stage1stage1 weightweight
 
OR=1.2OR=1.2 perper alleleallele forfor 80008000 cases/8000cases/8000 contro,lscontro,ls forfor 500500 11000000 SNPsSNPs
 

0/00/0 samplesample AnalysisAnalysis NumberNumber ofof truetrue diseasedisease SNPsSNPs =1=1 
inin stagestage 11 

MM jj =1000=1000 M]M] == 25,00025,000 

MM 22 =1=1 MM 22 == 100100 MM 22 =]=] MM 22 == 100100 

0.1250.125 ReplicateReplicate .266.266 .269.269 .630.630 .664.664 
JointJoint .267.267 .269.269 .635.635 .664.664 

AAoptopt 
.25.25 .27.27 .35.35 .25.25 

0.250.25 ReplicateReplicate .612.612 .626.626 .803.803 .88].88] 
JointJoint .613.613 .626.626 .825.825 .885.885 

AAoptopt 
.32.32 .15.15 .40.40 .25.25 

0.500.50 ReplicateReplicate .769.769 .897.897 .821.821 .912.912 
JointJoint .843.843 .900.900 .858.858 .953.953 
}L}L

OP7OP7 
.40.40 .20.20 .45.45 040040 

1.001.00 One-One .882.882 .966.966 .882.882 .966.966 
stagestage33 
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CombiningCombining case-controlcase-control studies:studies: 
Meta-analyticMeta-analytic approachapproach 

FirstFirst step:step: EstimateEstimate separateseparate logisticlogistic modelsmodels forfor eacheach studystudy 

SecondSecond step:step: EstimateEstimate overalloverall effecteffect 

ss
PP==== LWspsLWsps 

s=ls=l 

wherewhere H'sH's == 
"Var(f3sVar(f3s " 1)-)-1 

QQ testtest statisticstatistic forfor between-studiesbetween-studies heterogeneityheterogeneity amongamong ~s~s 

ss 
'"'"'"'" "" "2"2 22QQ == LJLJ Ws(f3sWs(f3s -- 13)13) ~~ XXss-]-] 
s=]s=] 

Assumption:Assumption: effecteffect ofof SNPSNP hashas samesame directiondirection inin allall studiesstudies (not(not truetrue ifif LDLD patternspatterns 
areare differentdifferent inin differentdifferent studystudy populations)populations) 
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AlternativeAlternative meta-analyticmeta-analytic 
approachapproach _,_._,_. .'.' 

FirstFirst step:step: EstimateEstimate separateseparate logisticlogistic modeismodeis forfor eacheach 
studystudy 

SecondSecond step:step: combinecombine WaldWald testtest statisticsstatistics toto assessassess 
significancesignificance ofof SNP:SNP: 

W==WW==W11 ++ ...... WWss ",chi",chi square,Ssquare,S d.f.d.f. 

whefewhefe W.=rs·W.=rs·22Nar(I1·)Nar(I1·)II II II 

DiscoveryDiscovery only!only! 

AggregateAggregate AnalysisAnalysis 

•• EstimateEstimate singlesingle associationassociation parameter,parameter,
 
adjustedadjusted forfor study.study.
 

•• Assumptions:Assumptions: samesame St\IPSt\IP effecteffect inin allall
 
studies,studies, samesame adjustmentsadjustments forfor
 
confounding.confounding.
 

•• Advantage:Advantage: 11 d.t.d.t. chichi squaresquare testtest forfor
 
association:association: moremore powerfulpowerful
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Meta-analyticMeta-analytic approach,approach, contEcontE 

ShortcomingShortcoming ofof QQ statistic:statistic: 

-assumption:-assumption: weightsweights areare knownknown 

-low-low powerpower whenwhen numbernumber ofof studiesstudies includedincluded isis 
smallsmall
 

EstimateEstimate betweenbetween studystudy variancevariance ss
 

ss LW~LW~
 
cr~cr~ == {Q-(k-l)}/{Lw{Q-(k-l)}/{Lw -- S~lS~l }}
 

s=ls=l 

ss LL WW 
ss 

s=ls=l 

HardyHardy RJ.RJ. DetectingDetecting andand describingdescribing heterogeneityheterogeneity inin metameta analysis.analysis. StatStat inin Med,Med, 
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