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GeneticBackground
�

Chromsome:23pairsinhuman;eachpairhastwo

copies.Oneisinheritedfrommotherandanotheris

inheritedfromfather.

�

Gene:functionalsectionofthechromosomewhichcan

betransmittedfromparentstooffspring.

�

Allele:Anyonegenecanexistinseveralformsthat

differfromeachother.Theseformsofagenearecalled

alleles.Allelicvariationcauseshereditaryvariation

withinaspecies.

�

Genotype:allelicconstitutionofanorganism.
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�

IBD(identitybydescent):Tworelativesaresaidto

shareonealleleibdatalocusiftheyhavethatallele

inheritedfromacommonancestor.Thetotalibd

number�

����oftwosibsatalocus�canbe0,1,2andit

hasaBin(2,0.5)distribution.
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Problem

�

Variation:Geneaffectstrait.Differentalleleaffectsa

traitdifferently.Variationofgenotypeinthepopulation

contributestovariationoftraitinthepopulation.

�

Problem:Wewanttoknowwhetheratraitisaffected

bygene(s)andwanttolocatethetraitgene(s).
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�

Method:

Usefamilydata:

phenotypes(traitvalues)andgenotypesoffamily

members.

1.geneticvariationoftheunknowntraitlocicanbe

predictedbetweenrelatives.

2.environmentalfactorsarebettercontrolledwithina

family.

�

Ourfocus:familiesareselectivelysampledfromthe

populationinsteadofrandomlysampled.
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SingleLocusQTLModel
�

Model:
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Variancecomponent:
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�

Data:familiesconsistoftwoparentsandssibs.For

eachfamily:

phenotype:�
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IBDmatrixateachmarker�
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Majorassumptions:

GiventheIBDmatrixatthetraitlocus�,thephenotype

followsamultivariablenormaldistribtuion,
�
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assumesanin®nite-allelicmodelatthetraitlocus�.
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where,
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Testinghypothesis:

nullhypothesis:thereisn'tamajorgenei.e

�

:

�

;=<
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�

Testingstatistics:basedonscorestatistics

(Figure1)
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{T(t_i)} under alternative, xi=4
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75cM
trait locus tau

Figure 1: one realization of {T(t_i)} under null and alternative
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RandomSampling

�

Data:randomlysampledfamilies.

�

Oneofthe�ndings:afamilywithssiblingsis

approximatelyaspowerfulas
'

 

'
�

�

!

�independentsib

pairs.(Tang&Siegmund,2000)
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SelectiveSampling

�

Whatisascertainment:samplefamilieswithoneor

morememberswithextremephenotypes.

�

Whyascertainment:

1.thosefamiliescontainmoreinfo.aboutthetraitloci.

Usedwhenphenotypingischeaperthangenotyping.

2.familiesautomaticallyascertained.

�

Data:SampleNfamilies,if�
 

�

!

�

�thengenotype

andphenotypethewholefamily.
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�

Scorestatistics:

1.Why?simpleformular;nearoptimal.

2.What?ateachmarker�

%

�

�

3

 

�

�

!
�

�

�

?

�

�

	



�

�



�

�

�

�
�

�

�

�

�

���

%

��

�
 

�

!

�

	

�

:

�

�

�
�

:

�
�

�

�

�

�

�

Normalizingfactor:Fisherinformation:
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�

Nulldistribution:

undernull,&

�

�
�

%

�)isanO-Uprocessi.estandard

normalswithcorrelationstructure	

�

:
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:
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Alternativedistribution:

underlocalalternatives:�

1

�

:small,&

�

���

%

�)isa

shiftedO-Uprocesswiththesamecorrelationstructure

andmeanstructure�
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Powerisdeterminedby�.

(Figure1)
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Noncentralityparameter:
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RelativeEf�ciency
�

Differentschemes:

differentfamilysizes;

possiblecriteria:

1.oneextremesib�

�

&

�

�
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�

),or

2.twodiscordantsibs�

�
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�

).

�

Ef�ciency:

numberoffamiliesneededforsamepower
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numberofindividualsactuallygenotyped:
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�

Finding:fortheaboveascertaimentcriteria,sibships

withsize3or4isbestundertheconsiderationsofboth

relativeef®ciencyandfamilyavailability.

(Figure2)
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s

ratio1

2345678

0.2
0.4

0.6S={|Y1-Y2|>1}

0.630.2540.1590.1160.0910.0750.0632

S={Y1>0.674}

0.5680.270.1730.1260.0990.0810.068

S={Y1>1}

0.4320.2170.1450.1080.0860.0720.061

Figure 2: Number of individuals genotyped compared to 
  randomly sampled sib pairs

mu=0,sig=1,rho=rho_op=0.25,rho_p=0
number of sibs

num
ber of 

 individuals genotyped
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Robustness

�

Whatcangowrong:

1.Ymaybenotnormal

2.thenuisanceparametersmaybenotconsistently

estimated.

�

Robuststatistics:replaceFisherinformationin

&

�

�
�

%

�)byitsrobustversioni.econditionon

phenotypes�
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�

Meaningofrobustness:undernull,teststatistics

process&

�

�
�

%

�)isastandardOrnstein-Uhlenbeck

processforanydistributionofY.

�

Optimality:stillef®ciencyunderoriginalmodel.
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RobustnessofPower

�

Misspeci�cationofnuisanceparameters:

Finding:Duetooursimulations

1.
iseasytoestimateanddoesn'taffect�alot.

2.�

�

6arehardertoestimateandaffect�alot.

3.When
�

6near0.5,�nearlydoesn'tdependon�.

(Figure3,4)
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�

Misspeci�cationofmodel:

1.Thebi-allelicmodelassumesthemajorlocus�

onlyhastwoalleles.

2.Addthedominanteffectintooursinglelocus

model.Themodelbecomes,
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where,�

�

�

����isthedominanteffect.

Finding:ourstatisticsisquiterobustaslongasthe

overallgeneticvarianceissmallwhichisthe

interestingcase.
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FutureWork

�

Analyticalanalysis:analyticalresultsaregotinmost

cases,butanalyticalanalysishaven'tbeendonewhich

willgeneralizethesimulationresults.
�

Morecomplicatedmodel:gene-geneinteraction;

gene-environmentalinteraction;notfullyinformative

markers.

jointworkwithD.Siegmund


