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Various experimental methods
such as microarrays and SAGE can
now allow us to obtain real time
comprehensive information about
genomewide transcription levels. We
have demonstrated that nonmetric
multidimensional scaling method
(nMDS) (implemented by our algo-
rithm[1]) can extract certain lawful-
ness (or mathematical structures) be-
hind the genome activity from very
large scale data sets. However, the
raw data obtained by experiments are
often vulnerable to statistical noise.
For example, the number of molecules
of a mRNA species in a single cell
could be a few, so the genes whose
expression levels are low may have
large stochastic components. There-
fore, when we extract lawfulness from
raw data, some genes are more re-
liable and informative than others.
How can we eliminate corrupted or
uninformative genes?

We have devised a method to an-
swer this question based on the fol-
lowing idea: Suppose we have suc-

cessfully extracted a mathematical
structure. Even if we perturb noisy
data points that are not very con-
sistent with the obtained structure,
the obtained result (i.e., the obtained
mathematical structure) would not
be altered significantly. Let us say
that the embeddability of a data
point is good, if the consistency of the
data point to the obtained mathemat-
ical structure is good; Data points
with good embeddability support the
mathematical structure. Thus, a gen-
eral renormalization group scheme to
cope with noisy large scale data is
proposed: (1) Analyze the data set
by nMDS to obtain the mathemati-
cal structure. / (2) Calculate the em-
beddability of each data point. If all
the points have embeddability better
than a certain cutoff value, then the
obtained structure is accepted. If not,
go to (3). / (3) Remove a fraction of
points from the bottom of the embed-
dability ranking. Then, go to (1).

We present here some examples
for this procedure. The targeted data
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are taken from two papers. One is
SAGE data set[2] and another is mi-
croarray data set[3]. First we have
randomly selected 500 genes from
each data set. Then using correlation
coefficients of gene expression profiles
as similarity measure, we have em-
bedded them into 2D space. In Fig.1,
we have shown SAGE case. Out of
500 genes, 250 lower ranked genes are
removed.
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Figure 1: 2D embedding of SAGE
data set via nMDS. Upper: all.
Lower: noise reduced.

Clearly, the circular arrangement
can be seen after the noisy genes are
removed. Similar noise reduction is
possible for microarray data as well
(not presented here). Thus, we may
conclude that nMDS has the ability
to extract significant patterns from
noisy gene expression data set.

One may wonder if this is for-
tuitous, because embedding into a
2D space makes ring-like structures.
However, it is not the case since
1. Even if they are embedded into
a 3D space, the noise reduced set
of genes exhibits a ring-like struc-
ture. Thus, the appearance of ring-
like structure is not due to the 2D
embedding.
2. Well-embedded genes make a non-
spherical structure in 3D embedding.
This differs from spherical structures
exhibited by random vectors. On the
other hand, not well-embedded genes
exhibit a spherical structure as ran-
dom vectors do. This is consistent
to the interpretation that not well-
embedded genes are noise. 3. Even
if not well-embedded genes are ran-
domized or removed, well-embedded
genes keep their embedding positions.

Although removal of not well-
embedded genes is practically effec-
tive, it is important to estimate how
many of them should be removed.
This will be discussed at the meeting.
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