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Overview

 Background of ordinal trait modeling
 Introduction to sex-limitation theory

* Practical on sex-limited linkage
analysis: Dutch twins’ exercise
participation



Ordinal data

Measuring Instrument is able to only
discriminate between two or a few ordered
categories e.g. absence or presence of a
disease. Data take the form of counts, I.e.
the number of Individuals within each

category:

‘no’ 'yes’
Of 100 individuals: ‘no'| 55 19
90 'no’
‘'yes’ 8
10 ‘yes’ y 18




Univariate Normal
Distributi £ Liabilif

Assumptions:

(1) Underlying normal distribution

of liability
(2) The liability distribution has

1 or more thresholds (cut-offs)




The standard Normal distribution

Liability is a latent variable, the scale is arbitrary,
distribution is, therefore, assumed to be a
Standard Normal Distribution (SND) or z-distribution:

e mean (u)=0and SD (o) =1
e z-values are the number of SD away from the mean

e area under curve translates directly to probabilities > Normal
Probability Density function (®)




Two categorical traits:

Data from siblinas

In an unselected sample of sib pairs > Contingency

Ta

ce
ce

ble with 4 observed cells:

a:number of pairs concordant for unaffected
d: number of pairs concordant for affected

ce

b/c: number of pairs discordant for the disorder

245 75 O = unaffected
1 = affected

(.76) (.11)

56 40
(.08) (.05)




Joint Liability Model for sib/twin pairs

e Assumed to follow a bivariate normal distribution,
where both traits have a mean of 0 and standard
deviation of 1, but the correlation between them is
unknown.

« The shape of a bivariate normal distribution Is
determined by the correlation between the traits




|
Bivariate Norma

7N
f‘;‘.’lff i .‘#‘ \‘!}"\.\.\ 3
] = :
"'"""'""'ﬁ"‘{'%'ltf'#*n%s S
-ﬁ%ﬁ‘%ﬂqﬂém 0
-'ﬁ??f'é&%:éﬁ#%&m 1§ lues
"“‘%’%?%M X
-3 3 "*ﬁ‘.aa% iy -2 Al

2
Z-values



Bivariate Normal (R=0.6) partitioned at threshold 1.4 (z-value) on both liabilities

z-values

z-values

z-values 2 5 z_values Z 2



How are expected proportions
calculated?

By numerical integration of the bivariate normal
over two dimensions: the liabilities for twinl and twin2

e.g. the probability that both twins are affected :

T TCD(Ll,Lz;y,Z)dLIdLZ

T T
@ is the bivariate normal probability density function,
L,and L, are the liabilities of twin1 and twin2, with means 0,

and X is the correlation matrix of the two liabilities
T, is threshold (z-value) on L,, T, is threshold (z-value) on L,
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How Is numerical
integration performed?

There are programmed mathematical
subroutines that can do these
calculations

MX uses one written by Alan Genz



Expected Proportions of the BN, for R=0.6, Th1=1.4, Th2=1.4

Liab 2
Liab 1 - 1
.05
/
.0

1
wval -3 . 2
z-values z T z-values 5 z-values 2 3



How can we estimate correlations from CT?
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Ive proportions of
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Summary

It IS possible to estimate a tetrachoric

correlation between categorical traits from
simple counts because we assume that the
underlying joint distribution is b/variate normal

The relative sample proportions in the 4 cells are
translated to proportions under the bivariate
normal so that the most likely correlation and
the thresholds are derived

Next: use correlations in a linkage analysis



Heterogeneity

MZF & g ¢

1 1
1 10 1y 1
\ \ \@ \
af qf ef
v

Tpomt/qme
) ihat
17 17 17 1
s N &@ N
a
v

Qf ef DZF af qf ef
v

Tyema /g me

T

2

Females

1 1
1y 1 1y 1 1 1
. . \@ . . \@
am qm em M Z M am qm em
v v

1

5 ihat
1y 14 1% 1
\ \ \@ \
am

qm em DZM am qm em
v

v
e T

T

2

T kmSﬁmGA T




What about DZQO?

Var F, Cov MZF, Cov DZF

— &, dy, €

Var M, Cov MZM, Cov DZM

-a,, d., e,

Var Fdzo = Var F, Var M dzo = Var M

Cov DZO
— 1, (but still pihat)




Homogenelity
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Heterogeneity
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General Sex Limitation
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Practical
sex-limited linkage
with ordinal data in Mx




Data: Exercise participation

= Dutch sample of twins and their siblings
= N=9,408 individuals from 4,230 families
- Binary phenotype:
Exercise participation: Yes/No
(Criterion: 60 min/week at 4 METS)



Genotyped sub sample

Sub sample was genotyped

N=1,432 sibling pairs from 619 families (MZ pairs excluded)

(266 MM, 525 FF, 328 MF and 313 FM sib pairs)

Genotypic information:

0 based on 361 markers on average (10.6 cM spacing)

o IBD probabilities estimated at 1 cM grid in Merlin (multipoint)

0 Pihat calculated in Mx with formula:
Pihat=0.5*p(IBD=1)+1*p(IBD=2)



Heritability In total sample

Twin/sibling correlations

MZM DZM/sibMM | MZF DZF/sibFF | DOS/sibOS

0.71 0.30 0.55 0.30 0.17

Heritability estimates:

Males: A 69.49% E 30.6%
Females: A 55.7% E 44.3%

Genetic correlation OS pairs: 0.27

Thus: partly different genes affect exercise participation in
males and females




Path model

EX,,

EX.




MX script

G2: Data from genotyped male-male sibling pairs
Data NInput=346
Ord File=c19mm.dat

Thresholds M +(S|R)*B ;
Covariances A+E+Q | HQA+P@Q
H@A+P@Q | A+E+Q ;



MX script

G1: Calculation group
Data Calc NGroups=7

Begin Matrices ;
X Lower 1 1 Free
Z Lower 1 1 Free
G Full 1 1 Free

U Lower 1 1 Free
W Lower 1 1 Free
F Full 1 1 Free

Begin Algebra;

A =U*U"

E = W*W';
Q= F*F;

V = A+E+Q;
P = K*I;

End Algebra ;

I female genetic structure
I female specific environmental structure
I female qtl

I male genetic structure
! male specific environmental structure
I male qtl

! male genetic variance

I male specific environmental variance
I male qtl variance

I male total variance

I calculates pihat



MX script

G6: constraint males: total variance=1
Constraint

Begin matrices = Group 1;

J unit nvar 1

End matrices;

Constraint V=J;

option no-output

END



Exercise

= Run the script AEQc19.mx for position 11 on chromosome 19
- Modify the script to test:

o for sex heterogeneity at QTL

o significance of QTL males

o significance of QTL females

* Obtain chi2 in the output and compute LOD scores for females
and males with formula:

LOD=chi2/4.61

< If you have time, repeat this for another position on
chromosome 19



Solution

Modify the script:
G5

Option Multiple Issat
END

Save full. mxs

Get full.mxs

I'Test for sex heterogeneity
Equate F1 11 G111
END

Get full.mxs

I'Test for significance female QTL
DropG111

END

Get full.mxs

I'Test for significance male QTL
DropF 111

END



Solution

Results from Mx output:

Chromosome 19 chi2 Adf p LOD
position 11
Test sex 2.54 1 0.111 0.55

Heterogeneity

Drop QTL females 12.70 1 <0.001 2.75

Drop QTL males 4.17 1 0.041 0.90




Results whole genome
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Issues

= Power to detect linkage (or heritability) with ordinal data is
lower than with continuous data

= Power to detect sex heterogeneity at QTL also low
= Unclear what is best way to test sex-specific QTLs

= QTL variance is overestimated, leads to strange estimates
in different parts of the model (a, ay, ', os)

-Sex-limitation only considered here, but model applies to
GXE generally.



Sarah Medland (2005) TRHG

More advanced scripting

Parameterization of Sex-Limited Autosomal

Linkage Analysis for Mx

Sarah E. Medland"™
! Quesrstand fostiute of Medioa! Regearch, Brsbane, Awstraila

¥ Cogreee Pepchophysiology Lobonstory, Universty of Quesnsiand, Auvstrola

ncorporation of sexdimitation {genotype-sex inter-

action) effects into a modal of quantitative trait loci
(QTL) analysis has bean shown to increase the
power to detect linkage when analyzing traits in
which sex limitation is present (Towne et al., 1997).
The prasent note provides a parameterization of the
nonscalar sex-limitation ACE model incorporating
autosomal sex-limited QTL effects for use with the
hx matrix algebra program (Meals et al., 2002). An
example script designed for use with extanded =sib-
ships that takes advantage of the varsatile treatmant
of covariates within Mx is included.

structured pedigrees in outbred populations (Seaton
etal., 2002),

Within the context of the classical twin design, the
parameterization of variance components QTL linkage
analysis represents a simple extension of the model
through the addition of a QTL-linked component of
variance (for a recent description of the methodology
see Posthuma et al., 2003). In a similar way the para-
meterization of a sex-limited nonscalar autosomal
QJTL model is achieved by extending the variance
covariance matrices for a nonscalar sex-limitation
script, incorporating the male and female specific QTL

parameters. The parameterization adopted in this note
—_—— — 2L aloc FWTT e S

- S I | R — PN IR S

e Efficient script to model sex-limited linkage, only 1 datagroup
e Both continuous and ordinal data
e Especially convenient when sibships are larger than 2
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