A HERLEES TS 2008—BIO—12 (8)
IPSJ SIG Technical Report 20087374

At RS KT RBERERIRIZEST ) Ao — B
R saps T, E ek 12
R TR | 2 R LR

T AT =S RIS BRIERED — KN TH D, 7 ) LI — B AR ERIZIT
SDEYZEINE ) A AT ATOEABER -T2 ZNEDT—EMST —20D
AEZMHBTEDIXRB TIIR, ST, FEHESL I R EEKENOMDS) % AW,
T—REOBUED THEME [ IZEH T8 T, 700 7RI a8 — D IEH B
STeNB % RUTWNS,

Analysis of DNA copy number alterations with non-metric
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DNA copy number alterations are the cause of many genetic diseases. However, there are
much noise in the observation of DNA copy number variation (CNV). Thus, it is not easy to
estimate there profiles. In this paper, we apply non-metric multidimensional scaling method
(nMDS) to estimate the DNA copy number alterations. And to use only copy number
distances, we can separate normal genes from anomalous ones without any pre-filtering.
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1. Introduction

DNA copy number alterations are the cause of many genetic diseases.
However, there are much noise in the observation of DNA copy number
variation (CNV). Thus, it is not easy to separate normal genes from anomalous
ones, or to characterize anomalous genes. In this paper, we apply non-metric
multidimensional scaling method (nMDS) to estimate the DNA copy number
alterations observed by array-based comparative genomic hybridization
(aCGH).



2.Method and Results

In order to test the ability of nMDS on the estimation of DNA copy number
alterations observed by aCGH, we have applied nMDS to those in colorectal
cancer [1]. Raw data is taken from ACTuDB [2]. nMDS implemented by us [3] is
used for analysis. Euclidean distances between log2 ratio transformed 2074
BAC array gene expression profiles for 125 clients are computed. Then, we get
2D embeddings by nMDS of 2074 BAC array genes (Fig.1). Missing
observations are substituted by zero value : normal copy number in plofiles
transformed into log2 ratio. Fig.1 shows that normal genes concentrate into the
origin, and anomalous genes are lying around.
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Figure 1 : 2D embeddings by nMDS of 2074 BAC array genes,
and a cercle with radius R=0.035 centered at origin.
Genes within the circle are normal and those outside are abnormal.

To analyze only anomalous genes, we set a circle with radius R centered at
origin in Fig.1, and exclude genes within the circle from 2074 BAC array genes.
First, to decide this radius R, we draw distribution of distances from the origin
in embedded space (Fig.2). Fig.2 looks like the combination of exponential
distribution and Gaussian distribution.
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Figure 2 : Distribution of distances from the origin in the embedded space.

Second, we set the distribution function Po(r) as follows, where r is the distance
from the origin, and apply maximum likelihood estimation about parameters
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p”, “a”, “m”, and “s” : paramater “p” is ratio of each distributions, “a” is
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slope of exponetial distribution, “m” is mean of Gaussian distribution, and “s
is standard deviation of Gaussian distribution.

—(r—m)?
B 1 (~—=—)
PAr=(1—p)ae M4+ e >

Then, Fig.2 is fitted by this function (Fig.3). Fig.4 shows the first and second
terms of Po(r).
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Radius R is determined as 0.035, to take all the Gaussian distribution part. And
finally, we get only 225 BAC array genes. About BAC array genes estimated to
be with anomalies, we get 2D embeddings only for these 225 genes (Fig.5).We
can classify those anomalous genes into four clusters with Mclust in mclust
package [4] for R [5].
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Figure 5 : 2D embeddings by nMDS of 225 BAC array genes.

28 genes out of all 40 genes in the cluster 1 belong to chromosome 18, 56 out
of all 74 genes in the cluster 2 belong to chromosome 20, and 55 out of 57
genes in the cluster 3 belong to chromosome 8 (Table 1). In addition, cluster 2
and cluster 3 include more genes with DNA gain than those with DNA loss,
while cluster 1 includes more genes with DNA loss than those with DNA gain
(Table 2) : DNA gain (loss) is greater (less) than 0.225 (-0.225) [1], and low gain
(less) is between 0 and 0.225 (-0.225 and 0). Fig.6 shows distribution of mean
DNA copy number of BACs in each cluster.



cluster 1

Chromosome 2 6 9 15 16 17 18
Number 1 1 1 1 3 2 28
cluster 2 )
Chromosome 2 9 11 13 18 20 23 Table 1 : Numbers of chromosome in
Number 1 1 1 5 15 6 each cluster.
cluster 3
Chromosome 3 8
Number 1 55
cluster 1 cluster2  cluster3 |
gain 0 35 1 )
low gain 0 38 44 Table 2 : Number of DNA gain and loss.
low loss 25 1 2
loss 15 0 0
total 40 74 57
Frequency
~ % cluster 1 o———o——-=-
/ cluster 2 A VS .S

cluster 3 ¢——6——¢-

Figure 6 : distribution of mean DNA copy number of BACs in each cluster.

The cluster 2 in Fig.6 has double peaks. This is because mean DNA copy
number of BACs in chromosome 20 have difference between the first half and
the second half area in chromosome (Fig.7). The horizontal axis of Fig.7 is the
order of genes along chromosome 20 : (position of genes [bp])X100)/(full
length of those chromosome 20[bp]). We can also see this difference in Fig.5
(Fig.8). In Fig.8, points marked “-” is the first half of means of chromosome 20
in anomalous genes, and marked “+” is means of the second half of them.
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Figure 7 : Mean DNA copy number of BACs
in all of chromosome 20.

Figure 8 : Difference of means in cluster 2.

Moreover, 225 BAC array genes distribute in cromosome's area as Fig.9. Fig.9
shows that edge areas of chromosome include more anomalous genes than
center area.
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Figure 9 : Frequency of number of
anomalous genes in chromosome's area.
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Horizontal axis : (position of genes [bp])X100/(full length of those
chromosome[bp])



3.Conclusion

Without any pre-filtering, nMDS can correctly distinguish anomalous genes
from normal genes, and characterize those anomalous genes. So, it is clear that
nMDS has ability to estimate DNA copy number alterations with resistance to
noise included into BAC array data.
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