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TDT - Allelic

The transmission disequilibrium test measures the over-transmission
of an allele from parents to affected offsprings. For a set of n parents
with alleles 1 and 2 at a genetic locus, each parent can be
summarized by the transmitted and the non-transmitted allele:
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Only the heterozygous parents contribute information!
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Under the null of no association, “5—~ ~ Xj

— Even better, use binom.test () in R.

Li Louis  Fallin  Pulver  Ruczinski SNP-SNP Interactions in Case-Parent Trios



TDT - Genotypic

Assume that at a certain locus the father has alleles 11 and the
mother has alleles 12. The four Mendelian children thus have alleles
11,12,11,and 12.

Assume the affected proband has genotype 11.

The three Pseudo controls then have the genotypes 11, 12, and 12.

Y X
Affected proband 1 11
Pseudo control #1 | 0 11
Pseudo control #2 | 0 12
Pseudo control #3 | 0 12

We can use conditional logistic regression to analyze the data.
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Schizophrenia Study

@ Case-parent trios of Ashkenazi Jewish descents.

@ Diagnosis of SZ and SZA based on DSM |V.

@ Dense coverage of 64 candidate genes.

@ 375 SNPs on 11 chromosomes genotyped for 312 trios.

@ Original analysis through single marker allelic TDT.
—— Fallin MD et al (2005), Am J Hum Genet 77(6): 918-36.

Goal:

Explore SNP-SNP interactions for association with SZ and SZA.
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Biological and Statistical Interactions
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(SNPAD A SNPBR) v (SNPBP A SNPAR)
—— Statistical interaction:
Deviation from additivity in a linear statistical model.
— Epistasis:

Masking of phenotype expressed by one gene by the effects of another gene.

How can we detect models such as
logit(p) = o+ B x Ind{(SNP24 P A SNP80FR) v (SNP24 R A SNP80OP)} ...?
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Logic Regression

@ The predictors are the SNPs in dominant and recessive coding.

SNP X X.R X.D

AA 0 0
AT 0 1
TT 1 1

@ Let Xq4,... ., Xk be binary (0/1) predictors, Y a response variable.
@ Fit a model

t
g(E(Y)) =bo+ > bj-L;j,
=1

where L ; is a Boolean combination of the covariates, e.qg.

L] = (Xq3V Xo)A Xﬁ

@ Determine the logic terms L; and estimate the b; simultaneously.

Ruczinski et al (2003), Journal of Computational and Graphical Statistics 12(3): 475-511.

Li Louis  Fallin  Pulver  Ruczinski SNP-SNP Interactions in Case-Parent Trios




Trio Logic Regression

The rough idea is as follows:

@ Pseudo controls are generated from the trio data, taking the LD
block structure into account.

@ Missing data are handled using haplotype-based imputation.

@ The conditional logistic likelihood is used in logic regression to
assess differences in cases and pseudo controls (just like in the
genotypic TDT).

A tech report for the Methods paper is available, please email ingo@jhu.edu
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Trio Logic Regression

: Estimate LD blocks and haplotypes distributions

Sample haplotype pairs for the parents based
on the trio genotype sequences accounting for

Cerive haplotypes for all 4 Mendelian children

Concatenate blocks to generate genoctypes of

:a)
H phrase ambiguity
o)
Block 2 ¢) Generate genotype sequences for children
Block 1 i id) Randomly shuffle row sequence within block
Genotype Haplotype Genotype Haplotype amaong pseudo controls
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Trio Logic Regression

The steps in more detail:

@ Estimate the haplotype blocks and the haplotype frequencies using the
parents’ genotypes.

Q For each block and each trio, sample haplotype pairs for the parents
and the offspring consistent with the observed genotypes in the trio,
allowing for missing data.

© Generate the probands genotype data from the haplotypes that were
passed from the parents.

@ For each block and each trio, generate genotypes for three
pseudo-controls (PC1, PC2, PC3) using the parents’ haplotypes that
were not passed to the proband. The assignment to PC1, PC2, and
PCS3 is random.

© Assemble three pseudo-controls for each trio by augmenting the
genotypes from the blocks.

© For each locus, translate the genotype data into two binary variables in
dominant and recessive coding.
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SOftwa re available soon!

@ The trio logic regression methods are implemented as an
augmentation in the logic regression R package LogicReg.

@ The R package trio contains functions to generate logic
regression input from pedigree or genotype files, to check for
Mendelian errors, to impute missing data, and to simulate
case-parent trios.

@ A software vignette is also available.

Documentation for package ‘trio’ version 1.0
Help Pages

trio Generate Trio Data Format Suitable for Trio Logic Regression
trio.check Check Case-Parent Trio Data for Mendelian Errors
trio.sim Simulate Case-Parent Trios with Pe ion Disease Risk Di on SNP-SNP Interaction
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Logic model exp(5)
3 1.15 % I{—302D\/1660\/148D} 3.14
4 1.30 x |{3020v1660v1480v368R} 3.65
SNP 302 Chromosome 12 NOS1 3782219
SNP 166 Chromosome 8 CHRNB3 1530848
SNP 148 Chromosome 8 PNOC 3735736
SNP 368 Chromosome 22 COMT 740603
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exp(/3) B(se) z p

| 3020 1.94 0.67016) 412 4e-05
e 166" 1.17 0.16022  0.71  0.480
Loge 3020 v 166° 2.43 0.89013 4.89 1e-06
3020 1.95 0.67016 415 3e-05
o 166° 1.21 0.19022) 0.86  0.390
3020 2.46 09019y 4.86 1e-06

agdiive 1667 2.52 092033 277 0.006
3020 : 166° 0.3¢4 10904 -2.87 0.004
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Results

090 X l(——y + 0.92 x | — 109 x| ——
{3020} {1660} {SOZD:166D}

1
302° 302° 302° 302° 302° 302°
0.67 0 0 0
0.19 0.19 1
166° 166° 166°
0.19 0.19 2
0 1 2 0 1 2 0 1 2
main effects only main effects + interaction logic regression
T T
0.67 x l(——y + 0.19 x | 0.89 x I, ——
{3020} {1660} {302D\/166D}
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Results

For the three-way interaction model we get

exp(B)  Bse) z p

3020 1.94 06704 4.12 4e-05

Marginal 1667 117 0162 0.71  0.480
1480 154 04302 170 0.088

loge 3020V 166° Vv 1480 | 3.14 11544 567 2e-08

The manuscript for this Application paper is available, please email ingo@jhu.edu
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http: //biostat.jhsph.edu/~iruczins/
ingo@jhu.edu
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