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Context
/

* Alain Charcosset (GQE Le Moulon)

Mixture model approac

The joint analysis of results from different experiments to identify complex patterns or to \
improve statistical power is a typical objective of data integration. Here we consider the

case of a set of markers m = 1, ...,n whose effect has been tested under different conditions

k =1,.., K. Each marker m, therefore, consists of a vector of K critical probabilities. The

analysis aims to identify the elements that have an effect in all the conditions or in a
predefined subset of conditions. The critical probabilities must then be flexibly combined

to explore complex hypotheses (known as composite hypotheses) while controlling the

Qalse positive rate.

/

h

Framework

tested under different conditions k =1,
We noteC = {c=(cq,...,cx),cx €1{0,1})
effects across the conditions.

This set can be split into:

« the configurations under the null G, .

We define the z-score Z,,,;, as:

., K.

/\X/e consider a set of markers m = 1, ..., n whose effects has be

2

Trait 1

Trait 2

Trait 3

Marker a

the set of 2% configurations of the marker |Markerb

Marker c
Marker d
Marker e
Marker f

 the configurations of interest C; and [Markerg

Marker h

effect
no effect
effect
no effect
no effect
effect
effect
no effect

effect
no effect
no effect
effect
no effect
effect
no effect
effect

effect
no effect
no effect
no effect
effect
no effect
effect
effect

ka — _¢_1(Pmk)
where ® stands for the standard Gaussian cumulative distributi
function.

For each marker m , we have access to the p-value P,,; from the
association test of marker m in condition k.

-~/

Model

where

« w, = P(L,, =c)

where:

(resp. Ly = 1)

structure between the K z-scores

/Each marker m is described by a configuration label L,,€ C.

We assume that all distributions ¥, have the following form:

e =] | B[ | A o G, o B i)

« F¥ (resp. FY) are the cumulative distributions of f¥ (resp. f{)
cp is a copula of parameter 8 accounting for the dependency

And each z-score profile Z,, = (Z,,,1, ..., Z,,x) Arises from a mixture
model with 2¥ components defined as follows:

Zm ~ 2 Wclljc
c eC

* P, Is the distribution of Z,, conditionally on L,, = ¢

o f&(resp. f{%) are the distributions of Z,,,, conditionally on L,,, = 0

Inference and testing procedure

2-step inference procedure

Step 1: infer the distributions f*

Each distribution £ is inferred by analyzing each test series separately.
We fit the following mixture model on each set of z-score (Zx)1<m<n .
Zmi~705 f5 + (1 — 76) 1

where:
« 71X is the null proportion relative to the test k

> Ak = [n(1 — D] Y{m: P,y > A} with 1 = 0.5
*  f&is the distribution of Z,,,;, conditionally on L, =

> by definition, ff = ¢ the standard Gaussian distribution
» f{is the distribution of Z,,,;, conditionally on L,z = 1

> f¥isinferred in non-parametric way (kernel method)

Step 2: configuration priors w, and copula parameter 0 estimation

The estimates £ are directly plugged into the mixture,
The inference of the weight w,. and the copula parameter 6 is performed using a
standard EM algorithm.

E step : Estimation of latent variables L,

E : :
frne = P(Ly = |Zy; 0) = —ebelim)

ZCEC WClp? (Zm)

M step : Inference of w, and 6
N _ 1 N
We = ;Zmec

0 is the maximum likelihood estimate

- Testing procedure

Let c,,, be the (unknown) configuration of the marker m, we perform the following
test:
HO: {Cm (S Co} VS Hll{cm (S 61}

Once marginals and priors are estimated, one has access to the posteriors
probabilities

Tm = Z I/Ps(l"m = ¢ |Zm)
ceCq

That can be used as a test statistic, with associated p-value

1

n
pvaly, =~ Z s 55,0 (1 — )
]:

/

Application

/ Dataset from [1] consists in :
« 289 cucumber
lines/landraces/hybrids
« Resistance to 6 viruses
 Genotyped at 300K SNPs

Which SNPs are associated
with resistance to at least two
viruses?

\_

\ / Conclusion \
We proposed a composite hypothesis

-10g10(p) testing procedure using a multivariate
mixture model.

Applications on simulated data have

20 been carried out, with promising results
0 both in terms of false positive control
and detection

All the methods presented are available

40

IN the R package qch available on the
CRAN.
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