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1 Simulation models for power comparison

Simulation model M1:

s(y) =


p, if y = −1,

0, if y = 0,

p, if y = 1.

Simulation model M2:

s(y) =


0, if y = −1,

p, if y = 0,

p, if y = 1.

Simulation model M3:

s(y) =


0, if y = −1,

p, if y = 0,

0, if y = 1.

Simulation model M4:

s(y) =


0, if y = −1,

0, if y = 0,

p, if y = 1.

2 Detailed analysis of gene expression data of CD4+ T cells

In the following we described in detail an experiment on ImmVar data concerning co-receptor
CD4+ T lymphocytes [1]. There are 236 gene transcripts measured for five stimulation conditions
as well as phenotypic characteristics (1250 variables) for 348 donors of Caucasian (183), African-
American (91) and Asian (74) ethnicities. We focused on detection of gene-gene interactions that
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are associated with the specific ethnicity (Y variable). We evaluated all pairs of variables using
the HYBRID procedure. We detected three interesting interactions among pairs (i) Fatty Acid
Desaturase 2 (FADS2 ) and Interferon Induced Transmembrane Protein 3 (IFITM3 ); (ii) IFITM3
and Steroid 5 Alpha-Reductase 3 (SRD5A3 ); (iii) Interferon Induced Transmembrane Protein 1
(IFITM1 ) and IFITM3. We refer to the supplement for detailed description of the analysis.

In the HYBRID method, IICHI option was chosen for 95% of pairs. In the following we
focus on the three top interactions, i.e. those having the smallest p-values: (i) (FADS2 ) and
(IFITM3 ); (ii) IFITM3 and (SRD5A3 ); (iii) (IFITM1 ) and IFITM3. We stress that due to the
method applied we can be reasonably sure that the occurrence of IFITM3 in all three pairs is
not due to its main effect. Indeed, the mutual information between IFITM3 and ethnicity is only
0.041. Figures 7, 8 and 9 show the joint and conditional probabilities for the pairs. Note that the
plots show strong dependence of conditional distributions of FADS2 and IFITM3 given ethnicity
which confirms existence of strong interaction between these predictors. It is worth noting that
the dependence is significantly stronger for Africans and Asians than for Caucasians. For Africans
and Asians, the low expression of IFITM3 is associated with the low expression of the second
gene in all analyzed pairs. For high IFITM3 expression there is no evident pattern of the other
gene expression.

Gene SRD5A3 encodes a protein that is essential for production of androgen
5-alpha-dihydrotestosterone (DHT ) from testosterone. It is as well involved in conversion of
polyprenol into dolichol [2]. Dolichol and its analogues play a significant role in the organiza-
tion and packaging of phospholipids in the biological membrane. They increase its fluidity and
permeability. It seems that because of its impact on the membrane, dolichol can play an im-
portant role in the transport between Golgi apparatus, cytoplasmic membrane and lysosomes.
Gene FADS2 encodes a protein which has enzymatic properties. It regulates desaturation of fatty
acids through the introduction of double bonds between defined carbons of the fatty acyl chain.
FADS2 is involved in biosynthesis of unsaturated fatty acids including metabolism of alpha-
linolenic (omega3) and linoleic (omega6) acids [3]. Each of the presented here genes might be
found in ethnicity related studies exhibiting their natural variability among populations as well
as research focused on diseases. To confirm genes relation with ethnicity, population and diseases
we performed a search using National Center for Biotechnology Information (NCBI) resources
using R package rentrez. We checked the co-occurrence of each of the four genes, within a title
or an abstract of the scientific papers, with each of the following terms: ’disorder’, ’ethnicity’,
’population’. Sum of all papers for all terms was 144 for FADS2, 70 for IFITM3, 47 for IFITM1
and 14 for SRD5A3.
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Figure 1: Type I error rate with respect to the mutual information for the simulation model M0, for α = 0.05, 0.01, 0.001, 0.0001
and n = 1000.
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Figure 2: Type I error rate with respect to sample size n for simulation model M0, for α = 0.05, 0.01, 0.001, 0.0001 and
p = 0.15.

5



●

●

●

●

●

● ●

●

●

●

●
●

● ● ● ● ● ● ●

50 100 150 200

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Model M1 p=0.2

n

P
ow

er

●

●
●

●

●

●
●

●

●

●
●

● ●

●
●

●

●
● ●

50 100 150 200

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Model M1 p=0.1

n

P
ow

er

●
●

● ● ● ●
●

●
●

●
●

●

●
●

● ●
●

●

●

50 100 150 200

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Model M1 p=0.05

n

P
ow

er

● IIPERM
ANOVA
HYBRID

Figure 3: Power with respect to the sample size n for a simulation model M1. II(X1, X2, Y ) = 0.1891, 0.0368, 0.0085, for
p = 0.2, 0.1, 0.05, respectively.
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Figure 4: Power with respect to the sample size n for a simulation model M2. II(X1, X2, Y ) = 0.1891, 0.0368, 0.0085, for
p = 0.2, 0.1, 0.05, respectively.

6



●

●

●

●

●

●
●

●
●

● ●

●
●

● ●

●
●

●
●

50 100 150 200

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Model M3 p=0.2

n

P
ow

er

●

●

●
● ●

● ●

● ●

●

●

●

●

●
●

●
●

● ●

50 100 150 200

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Model M3 p=0.1

n

P
ow

er

● ●
●

● ●
● ●

●
● ●

●
●

●

●

●
●

●
● ●

50 100 150 200

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Model M3 p=0.05

n

P
ow

er

● IIPERM
ANOVA
HYBRID

Figure 5: Power with respect to the sample size n for a simulation model M3. II(X1, X2, Y ) = 0.173, 0.0371, 0.0086, for
p = 0.2, 0.1, 0.05, respectively.
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Figure 6: Power with respect to the sample size n for a simulation model M4. II(X1, X2, Y ) = 0.173, 0.0371, 0.0086, for
p = 0.2, 0.1, 0.05, respectively.

7



I(X1,X2)=0.042

IFITM3

low high

I(X1,X2|Y=African)=0.2

IFITM3

low high

I(X1,X2|Y=Asian)=0.149

IFITM3

low high

I(X1,X2|Y=Caucasian)=0.017

IFITM3

low high

FADS2=low FADS2=high

(a)

African Asian Caucasian

X1=low,X2=low

0.
0

0.
1

0.
2

0.
3

0.
4

African Asian Caucasian

X1=low,X2=high

0.
0

0.
2

0.
4

0.
6

0.
8

African Asian Caucasian

X1=high,X2=low

0.
0

0.
1

0.
2

0.
3

0.
4

African Asian Caucasian

X1=high,X2=high

0.
0

0.
1

0.
2

0.
3

0.
4

(b)

Figure 7: CD4+ data set. (a) Joint and conditional probabilities for the pair (X1, X2)=(IFITM3,FADS2 ). (b) Distribution
of ethnicity for four combinations of expression levels of genes (X1, X2)=(IFITM3,FADS2 ).
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Figure 8: CD4+ data set. (a) Joint and conditional probabilities for the pair (X1, X2)=(IFITM3, SRD5A3 ). (b) Distribution
of ethnicity for four combinations of expression levels of genes (X1, X2)=(IFITM3, SRD5A3 ).
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Figure 9: CD4+ data set. (a) Joint and conditional probabilities for the pair (X1, X2)=(IFITM3, IFITM1 ). (b) Distribution
of ethnicity for four combinations of expression levels of genes (X1, X2)=(IFITM3, IFITM1 ).
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