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Introduction

Goal

Utilize linkage information and quantitative trait values to select
the most informative individuals for association studies for which
follow up a linkage analysis and are for fine mapping.
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Methods

Score Statistic

S(j) =
∑
i 6=j

(xi − µ)(xj − µ)(π̂i ,j − 1
2)

Nsib − 1
,

where
I the summation is over sibling pairs that include sibling j;
I xi and xj are phenotypic values of the two siblings in the pair;
I π̂i ,j is the estimated multipoint IBD sharing for siblings i and j

in a sibship at the locus with MLS;
I Nsib is the number of siblings in the sibship.

Tend to select a sibling

(1) with large absolute trait value and high IBD sharing with
other siblings with similar trait values

(2) with large absolute trait value and low IBD sharing with other
siblings with dissimilar trait values
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Methods

Six Selection Strategies

(1) Randomly select one sibling from each sibship (AR)

(2) Select the sibling with the highest absolute phenotype value
|xi | (EV)

(3) Select the sibling with the highest S(j) score, using
population mean (IBD-EV)

(4) Select the sibling with the highest S(j) score, using
sibship-specific mean (IBD-EV2)

(5) Select the sibling with the highest absolute phenotype value,
restricted to linked families (ML-EV)

(6) Select the sibling with the highest S(j) score, restricted to
linked families (ML-IBD-EV)

In addition, there is a reference group that consists of all siblings
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Methods

Tests for Association

For selected siblings:

I ANOVA - F test of the difference among the phenotype means
of different genotype groups

I Permutation test - randomly shuffle phenotypic values to
obtain an estimate of null distribution

For all siblings:

I Generalized estimating equations (GEE) - account for
correlation among siblings within the same sibship
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Simulations

Simulation Settings

Three types of genetic model: additive (d=0), dominant (d=a),
and recessive (d=-a).

Two types of sample:
I Homogeneous:

I a QTL with 20% or 30% total heritability; p=0.1, 0.2 and 0.4
for additive and dominant models and p=0.3, 0.4 and 0.7 for
recessive models

I Hetergeneous:
I Het 1-3: a QTL with 40% total heritability is present in

subpopulation 1; no QTL effect in subpopulation 2;
I Het 4: four equally sampled subpopulations with a QTL effect

explaining 0,10,20 and 40% of the total variance in
subpopulations 1-4
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Simulations

Type I Error Rate
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Simulations

Power - Homogeneous Sample
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Simulations

Power - Heterogeneous Sample
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Simulations

Two Best Selection Strategies

Select one sibling per sibship with multiple siblings:

(1) One sibling with the most extreme trait value (EV)

(2) One sibling using a combination score statistic based on trait
values and IBD-sharing information (IBD-EV)
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Application to FHS Data

Analysis

I Quantitative trait: Fasting plasma glucose (FPG)

I Region: 72-77cM on chromosom 10

I Sibships: 441 sibships with two or more siblings with
phenotypes and genotypes availabe.

I SNPs: 467 SNPs with an average distance 289.5 kb.

I Selection strategy: (1) AR (2) EV (3) IBD-EV
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Application to FHS Data

Result
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