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Genetics and DiseasesGenetics and Diseases

Dr. Doug Brutlag Lecture Syllabus “central paradigm” //www.s-star.org/

Environment

Background
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Human ConditionsHuman Conditions

www.niddk.gov

The Oprah Winfrey Show

March of Dimes
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Background
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Linkage - RecombinationLinkage - Recombination

Marker

Trait locus

Linkage
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Null Hypothesis – Linkage 
Disequilibrium
Null Hypothesis – Linkage 
Disequilibrium

 0)2-(1 =θδ

TDT is to test for linkage in presence of association 

or test for association in presence of linkage 

(Spielman et al. 1993; Ewens and Spielman 1995).

The null hypothesis of haplotype relative risk (Falk 

and Rubinstein, 1987) being 1 is:

Hypothesis
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Linkage AnalysisLinkage Analysis

Use of latent variables

Linkage

Rui Feng
Assistant Professor
University of Alabama

Hongtu Zhu
Associate Professor
University of North Carolina
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Inheritance VectorInheritance Vector

Brother Proband

Daughter Son

U1
U2

1

U2
3

U2
2

Father Mother

Spouse

Father Mother

Spouse

(1,3) (2,4)

(1,4) (2,3)

1: Father’s paternal allele
2: Father’s maternal allele
3: Mother’s paternal allele
4: Mother’s maternal allele(1,3,2,4,1,4,2,3)
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ModelModel
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Complete LikelihoodComplete Likelihood
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EM AlgorithmEM Algorithm

E-Step: 

M-Step: Maximizing 
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Test for LinkageTest for Linkage
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Comparison with GENEHUNTER/ALLEGROComparison with GENEHUNTER/ALLEGRO

Simulation Experiment DesignSimulation Experiment Design
10 markers, 5 10 markers, 5 cMcM apart, with 10 alleles apart, with 10 alleles 
each, except that the 3each, except that the 3rdrd one is the one is the didi--
allelic disease gene.allelic disease gene.
200 families; 5 members; 200 families; 5 members; 
θθ22= 0.3, = 0.3, αα00= = --2.0, 2.0, αα11= = --1.0, 1.0, γγ22= 2.0= 2.0
100 Replications100 Replications



Power ComparisonPower Comparison
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HoardingHoarding

Hoarding is a 
component of 
obsessive-compulsive 
disorder. It is the 
excessive collection and 
retention of things or 
animals until they 
interfere with day-to-
day functions such as 
home, health, family, 
work and social life.

http://www.sciencentral.com
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Linkage Analyses for HoardingLinkage Analyses for Hoarding

Dataset:
We used data from 223 individuals in 51 
families with 77 sib pairs.
Genotypes are allele sizes from 370 
markers on 22 chromosomes.
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Linkage Evidence for HoardingLinkage Evidence for Hoarding

p-values in analysis of.
Parametric Nonparametric

Marker (location in cM) LMV GH LMV GH AL

4q34-35:
DS42431 (163.26) .006 .101 .001 .120 .156
D4S2417 (169.00) .005 .072 .0009 .154 .192
D4S408  (182.13) .012 .063 .006 .068 .091
D4S1652 (195.14) .003 .040 .004 .126 .136
5q35.2-35.3:
D5S1471  (172.13) .003 .122 .001 .560 .563
D5S1456 (174.80) .002 .139 .0003 .628 .640
D5SMfd154 (182.89) .0006 .095 .00006 .299 .299
D5S408    (195.49) .0002 .030 .00001 .133 .100
17q25:
D17S1301 (99.39) .005 .066 .0005 .052 .024
D17S784  (116.23) .002 .034 .0006 .019 .007
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ChallengesChallenges

Computation: Convergence and speed. 
Concept: Inheritance vectors vs identity 
by decent.
Theory: Asymptotic distributions of the 
test statistics.
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Association AnalysisAssociation Analysis
Association

Xueqin Wang and Yuanqing Ye
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Data StructureData Structure

… …

n families

siblings insiblings 1n siblings nn

Association
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Transmission/Disequilibrium Test 
(TDT)
Transmission/Disequilibrium Test 
(TDT)

• Eliminate the confounding effects caused by 

population stratification/admixture, and other 

factors

• A McNemar’s test

TDT
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Further DevelopmentsFurther Developments

• Q-TDT proposed by Allison (1997) 

• Q-TDT further investigated by  Rabinowitz

(1997) 

• S-TDT  (Spielman and Ewens 1998)

• FBAT (Lunetta et al. 2000; Rabinowitz and 

Laird 2000) 

• Many other extensions

Q-TDT
S-TDT
FBAT
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General Test StatisticGeneral Test Statistic
Assume that there are n nuclear families. In the 

family, there are      siblings, i=1,…, n. For the   

child in the      family, the trait value is       , the 

covariates is      and the genotype is     .       is the 

number of allele A in the genotype     . The 

association test statistic can be constructed as 

follows:

where       is a weight function of      and     .
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Model and MethodModel and Method
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• Di-allelic maker with possible alleles A and a.

• Assume that there is a trait increasing allele , and 

we use  to denote the wild type allele(s)

• Consider a trait taking values in ordinal responses 

1,…, K.

O-TDT
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Conditional LikelihoodConditional Likelihood
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Score FunctionScore Function
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Score StatisticScore Statistic
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Expectation and VarianceExpectation and Variance

Following the idea of Rabinowitz and laird (2000), 

we can compute or estimate the conditional 

expectation and the conditional  variance given 

the observed trait values under null hypothesis in 

the following three cases:

(a) both parental marker information is available; 

(b) only one of parental marker information is 

available; and 

(c) none of parental marker information is available.

O-TDT
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Expectation and VarianceExpectation and Variance
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Both Parents GenotypedBoth Parents Genotyped
When both parents’ genotypes are observed, the 
children’s genotypes are conditionally independent. 

00(aa, aa)

1/41/2(Aa, aa)

1/21(Aa, Aa)

01(AA, aa)

1/43/2(AA, Aa)

02(AA, AA) 

VarianceExpectationParental Genotypes

O-TDT
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One Parent GenotypedOne Parent Genotyped
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O-TDT
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One Parent Genotyped (continued)One Parent Genotyped (continued)
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No Parental GenotypeNo Parental Genotype
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Simulation StudiesSimulation Studies

• Assess the type I error of our score test with respect 

to specific nominal levels (0.05, 0.01, and 0.0001) to 

validate the asymptotic behavior of the test statistic. 

• Compare the power of our test with other test 

statistics.

• Choose the ordinal level K=3 or 4.

Simulation
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Simulation Design: No AssociationSimulation Design: No Association

• Generate the parent’s genotypes via the haplotype
frequencies

• Given the parental genotypes, generate the 
offspring genotype using 1cM between the two 
loci.(Allow parental genotypes missing)

• Conditional on the trait genotype, using the 
proportional odd model to generate the ordinal 
trait. 

Simulation
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Simulation Design: Power Simulation Design: Power 

The haplotype frequencies  with P{D}=P{A}=0.3 and
.11.0=δ

0.6ad

0.1aD

0.1Ad

0.2AD

FrequencyHaplotype

 A.  toequals allelemarker 
  thegiven that D  toequals allele disease that the

yprobabilit lconditiona  thedenotes )|( where
 ,)|( assume  wen,calculatiopower  In the

ADP
pADP DA=

Simulation
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missing genotypes maternal 20% and paternal of 20%
1,...,1for 
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Ordinal Traits Generated from a 
Proportional Odds Model

Simulation
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Type I Errors  Based on 10,000 Replications – Test for 
Association in the Presence of Linkage
Type I Errors  Based on 10,000 Replications – Test for 
Association in the Presence of Linkage

0.010240.00930.009560.009820.009530.009510.01

4

0.001090.00090.000840.000760.00090.000860.001

0.050710.049080.049580.049440.048830.049510.05

0.000990.000760.000720.000870.000720.000840.001

0.009320.009780.009350.008950.009370.009250.01

0.05010.049270.049610.050020.049750.049380.053400

0.000980.00090.000660.000670.000670.000760.001

0.009780.009550.00910.009270.009190.009020.01

0.050650.050080.050010.049890.049740.049990.054

0.001010.000830.000790.000830.00080.000660.001

0.010460.009070.009750.009580.009780.00930.01

0.051370.048170.049750.050350.04980.048560.053200

NAAdjusted NAAdjusted NAAdjusted 

TDTQTDTOTDTSig. 
level

K# F

Simulation
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Powers Based on 10,000 Replications – Test for Association in 
the Presence of Linkage
Powers Based on 10,000 Replications – Test for Association in 
the Presence of Linkage

0.052430.155610.26550.23230.267960.54050.01

4

0.009150.040440.085420.070720.086230.257230.001

0.157740.350820.504010.460850.506380.770430.05

0.008950.038350.070040.059360.069970.188740.001

0.050630.154890.232570.206760.232510.44860.01

0.15880.347090.459220.426560.459710.696010.053400

0.00420.010180.017970.016440.018070.059610.001

0.028380.061770.094060.086160.094560.220120.01

0.101450.184390.250440.235440.251830.4531  0.054

0.004520.011610.019440.017060.019310.046890.001

0.029240.065410.094490.084150.094350.185380.01

0.101510.19610.251970.233430.252120.406690.053200

NAAdjusted NAAdjusted NAAdjusted 

TDTQTDTOTDTSig. 
level

K# F

Simulation
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Performance for Quantitative TraitsPerformance for Quantitative Traits

Our test can serve as a unified test for any trait. For 

quantitative trait, the weights in our test are the 

functions of quantiles. Simulations show that our 

test is competitive with, but slightly less powerful 

than Q-TDT. 

Simulation
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Power: Quantitative TraitPower: Quantitative Trait

 2.= and 1,= 0,= DDDddd μμμ

Given the genotype at the trait locus, the quantitative 
trait follows the normal distribution with mean 
proportional to the number of the trait increasing 
allele and unit variance. Namely,

Simulation
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Figure: Power Comparison for QTLFigure: Power Comparison for QTL
Simulation
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COGA dataCOGA data

• A large scale, multi-center study to map alcohol 
dependence susceptible genes. 

• 143 families with 1614 individuals. 4720 SNPs from 
Illumina genotype data set.

• One ordinal trait with 4 levels was recorded (pure 
unaffected, never drank, unaffected with some 
symptoms, and affected). 

• FBAT was also used for comparison

Data 
Analysis
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ResultsResults

0.0107290.000671524377078rs718251

0.0306680.0008733883590415rs1869907

GK0.0773590.00054829916017Xrs619

0.0010060.000497181825121rs485874

LOC4400070.0003490.00045612525694810rs1571423

0.0001650.0003831843549814rs1972373

Un-
adjusted

Gender 
and Age 
Adjusted

Gene NamesP-valuesPhysical 
location

Chromo
some

SNP 
Markers

SNP Markers That Are Significant at the 0.001 Level Based on O-TDT 
after Adjusting for Gender and Age

Data 
Analysis
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ResultsResults

SNP rs619 is from gene GK(glycerol kinase) in the 
chromosome region Xp21.3 (Baranzini et al. 1997, 
Fries et al. 1993, Pillers 1990). It is within a region 
in which Zhang et al. (2005) reported linkage to 
ALDX1 (p-value=0.004). 

Data 
Analysis
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ResultsResults

SNP rs485874 is on chromosome 1. One of the genes 
tightly linked to this SNP is aldehyde dehydrogenase
4 family, member A1 (ALDH4). ALDH genes 
together with ADH enzymes play major role in the 
ethanol metabolism. Extensive studies have shown 
that ALDH2 is involved in the alcohol dependence 
(Crabb et al. 2004). Our study calls further attention 
to study the potential association between ALDH4 
and alcohol dependence. 

Data 
Analysis
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ResultsResults

SNP rs1869907 resides in a tightly linked region on 
chromosome 15 covering 27 known genes. One of 
genes in the region of SNP rs186907 is vacuolar 
protein sorting protein 18(VPS18) that mediates the 
vesicle trafficking, and a mutant of this gene has 
been found to be associated with liver disease 
(Sadler et al 2005). 

Data 
Analysis
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ResultsResults

SNP rs1972373 is from chromosome 14 and it is 
tightly linked to a family of olfactory receptors 
genes, which can trigger smell signal to brain by 
reacting with odor molecules.  How these genes are 
related to alcohol dependence warrants further 
investigation. Li et al. (2005) applied a rank-based 
association test using the age at onset of ALDX1 as 
the trait and detected significant association (p-
value=0.0002) in the region of SNP rs1972373. 

Data 
Analysis
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ResultsResults

SNP marker rs1571423 is in the chromosome region 
10q26.13. It is between the two regions with linkage 
to ALDX1 identified by Zhang et. al (2005) on 
chromosome 10. Murray (2005) also reported 
linkage to ALDX1 at 10q26 using NPL multipoint 
analysis methods. 

Data 
Analysis
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Discussion and ConclusionDiscussion and Conclusion

• We propose a score test statistic for linkage analysis.
• Although it is derived from a proportional odds model 
for ordinal traits, power comparisons reveal that it can 
serve as a unified approach for dichotomous, quantitative, 
and ordinal traits.
• The score based Q-TDT test yields lower power than O-
TDT  for ordinal traits, but the difference ranges from a 
few to tens of percents, depending on the distribution of 
the ordinal traits.

Discussion



September 21, 2006 53/53

ReferencesReferences

• Zhang, Wang, and Ye. Detection of genes for ordinal 
traits in nuclear families and a unified approach for 
association studies. Genetics, 172: 693-699, 2006. . 
• Wang, Ye, and Zhang. Family-based association 
tests for ordinal traits adjusting for covariates. Genetic 
Epidemiology, in press, 2006.


