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Clustering on Gene Expression and Fold Values:
Identification of Some Possible Genes Mediating
Allergic Asthma

Rajat K. De and Anindya Bhattacharya

Abstrace—The present article focuses on a systematic ap-
plication of clustering algorithms (Fuzzy c-means (FCM) and
Partitioning Around Mediod (PAM))} on gene expression data.
We show a way of applying these algorithms to select some
possible genes responsible for a particular disease. The genes
those are severely over or under expressed in the allergen samples
are identified. Two different techniques are applied on the same
gene expression datasets containing both allergen samples and
control samples. First technique uses clustering algorithms on ex-
pression values, followed by determining similarity/dissimilarity
among control and disease clusters, and measuring the extent of
over/under expression of genes from normal to disease condition.
By the second technique, we apply clustering algorithms on
fold values and measure the overfunder expression of genes
By these two technigues we have identified several genes those
have significantly changed their expression values for asthmatic
condition, and have reported in the present article. Some of these
ohservations are supported by some earlier investigations. Others
have been stayed unnoticed so far, but may play crucial role in
mediating the development of asthma.

Index Terms— Mouse, fold valve, Jaccard score, DB-index,
wild type samples, IL-13 knocked out samples.

I. INTRODUCTION

LUSTERING is one of the most important unsupervised
Clulrning techniques that deals with finding a structure
in a collection of unlabeled data. A loose definiion of
clustering could be “the process of organizing objects into
groups whose members are similar m some way ™. A cluster 1s
therefore a collection of objects, which are “similar’™ among
themselves and are “dissimilar™ o the objects belonging
to other clusters. A clustering algonthm belongs o either
of the three general calegories: Hierarchical, Paritional and
Fuzzy clustering. Clustering algorthms use different distance
measures for finding similarity/dissimilarity among all pairs
of patterms and thereby group them into different clusters.
Euchdean distance and Maholanobis distance are commonly
used distance measures.

Although clustering algonthms have already been applied wo
vanous gene expression data [11], [15], [23], [33], [16], [21],
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[18], [26], [20], no definite technique is there 1o use clustering
for identification of genes those are overfunder expressed in
a condition with respect to another condition. Number of
clusters o be created from a particular input dataset is also not
well defined. One major problem with hierarchical clustering
technigue 1s that it 1s hikely o produce one single large cluster
and several singletons. This makes them inefficient for gene
expression data analysis.

The application of fuzzy set theoretic clustering algorithms
in the domain of gene expression data is not explored much.
Fueey set theorete clustening methodologies incorporate the
notion of fuzzy sets, which is a generalization of classical set
theory. According 1o classical set theory, the boundary of a
set is well defined, whereas there is no well defined boundary
of a fuzey set. Notion of fuzey sets enables one to deal
with uncertainties in different tasks, ansing from deficiency
(eg., vagueness, incompleteness ele.) in information, in an
efficient manner. Some of the attempts made for grouping
gene expression data using fuzey set theoretic clustering
algorithms include, among others, fuzzy c-means and nommal
mixture modelling based classification methods for separating
microaray data oo reliable and unreliable signal intensity
populations [5], and fuzey partitional clusterdng method (fuzey
c-means) in finding co-regulated genes [19].

In this article, we propose two lechnmigues based on clus-
tering (FCM and PAM) for identifying a set of some possible
genes of interest. In order 1o determine number of cluster 1o
be created from input dataset, we have used DB-index. First
technigue vses clusiening algorithms on expression values,
followed by dewermining similarity/dissimilarity among control
and disease clusters, and measuring the extent of overfunder
expression of genes from normal to disease condition. On the
other hand, the second technigque considers the apphication of
clustenng alzorithms o fold values. Both these methods are
applied w0 a oligonucleotide micro army gene expression data
GDS95E. GDSYSE contams expression pattems of as many as
22690 genes of both nommal and allergic asthma samples, o
identify a set of some possible genes over/funder expressed
i asthma samples compared w0 normal ones. These genes
are selected from a large set of genes using the partitioning
around mediod (PAM) [14] and fuzey c-means (FCM) [6]
clustering algorithms. A set of some possible genes mediating
the development of asthma has been newly identified along
with those already reported by some earlier investgations [ 13],
[30], [9].

The remaining part of this paper is organized as follows.
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Section 2 describes the dataset GDS95E. Section 3 highlights
the methods used in analysis. Section 4 presents results and
Section 5 provides some concluding remarks.

11. DaTa DESCRIPTION

The ohgonucleotide microarmy  gene  expression data
(GDSY5E) generated by Wills-Karp et. al. [1], [31] from
lung tissue of mouse were used here. Wills-Karp et. al. used
GDSY5E data set o find out responsible genes in asthma
mediation [31].

The data set contains samples which had undergone either
of the two types of strain, and are termed as Wild Type
mouse and 1L-13 Knocked Out mouse samples. Each of these
Wild Type and 1L-13 Knocked Out mouse samples can be
either an Allergen sample or a Control sample. Two different
types of treatments were used for both Wild Type strain
and IL-13 Knocked Out strain: (i) Howuse Dust Mite (HDM)
and (i) Phosphate Buffered Saline (PBS). Allergen samples
were obtained from HDM treated Wild Type strain and 1L-
13 Knocked Out strain, whereas control samples from PBS
treated Wild Type strain and IL-13 Knocked Out strain.

Thus we have four different types of sample: (1) HDM
treated Wild Type allergen samples, (2) HDM teated IL
13 Knocked Out allergen samples, (3) PBS wreated Wild
Type control samples and (4) PBS treated 1L 13 Knocked
Out control samples. The data set GDS958 contains expros-
sion patterm for 22690 genes obtlained from six Wild Type
samples and six IL-13 knocked out samples. Three samples
GSM21415, GSM21418 and GSM21420 are HDM treated
Wild Type allergen samples, whereas GSM21422, GSM21424
and GSM21426 are PBS treated Wild Type control samples.
GSM21403, GSM21405 and GSM21407 are HDM treated
IL-13 knocked out allergen samples, whereas GSM2 1408,
GSM21411 and GSM21413 are PBS teated 1L-13 knocked
oul control samples. Further information on this data is avail-
able at [1]. Iti1s w0 be mentioned here that the data set contaims
expression profiles of cytokines including [L-13, 1L-4, 1L-5
and their receptors being known as key mediators for allergen
induced immediate development of asthma. This s due to
hyperreactivity of the airway and mucus overproduction in
the lung as immediate response for house dust mite allergen.
The data set 1s last vpdated on December 12, 2004, so 1t 1s
expected to contain recent information.

1l METHODOLOGY

The methodology we have wvsed here are based on owell
known partitioning around medoid (PAM) and fuzzy c-means
( FCM) clustering algorithms. Both these algorithms require an
expected number & of clusters as input for their execution. For
example, if we give & = 3 as input, the algorthms partition the
entire data set mto 3 clusters. Thus selecting a suitable value
of & is crucial for these algorithms. In order to find the best &
for a set of data points we are going to cluster, we have used
a closter validity index, namely, Davies-Bouldin index (DB-
index) [ 10] which varnes with the number of clusters &. Lower
the value of DB-index, better is the clustering and vice versa.
For details of the clustering algorithms and mathematical
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expression for DB-index, one may refer to [14], [10]. These
clustenng algonthms have been executed on the (1) expression
values of genes given in the data set and (ii) fold values of
genes define in Section 3.2,

A. Clustering on expression values

Clustenng on expression values considers gene expression
values in both normmal (contmol) and disease samples. Let there
be n number of nomal samples and m number of disease
samples. Each of the genes present in the data set is considered
as a data pomnt or a pattern. That 15, each data point (i.e., each
gene) has dimension n for normal and m for disease sets.
Each of these sets of genes were grouped into & number of
clusters using the clustenng algonthms. 1t 1s o be noted that
we select & for which DB-index value attains a minimum. Thus
for normal samples, we have (say) B oemer control clusters
D ey Sy, containing genes with different domains
of expression values. Similar is the case for disease samples,
where ki cense number of clusters Ty, Th, ..., Tk inna, CONSISL
of genes with different domains of expression values. The
genes in any of these clusters are expected o be co-expressed.
On the other hand, genes in different clusters should have
different domains of expression values.

Now we find the relationship (i.e., similarity or dissimilar-
ity ) between the control and disease clusters. For this purpose,
we use Jaccard score that s widely used i lilermture [17]. Let
us assume that jth control cluster 5; has the highest degree
of similarity with dth disease cluster T;. Thus it is expected
that the domains of expression values of genes in 5, and T
are similar.

If T} and 5; are found most similar using Jaccard score then
the genes in the set (T — (5 NT;)) are cither over expressed
or under expressed in disease. If gene g € (1; — (5, N1
and g € 5 then g is over expressed if average expression
values of genes in Sp is less than that in 7). Otherwise g is
under expressed. If there is only two control clusters then we
can identify overfunder expressed genes with lesser effort. In
this case, we have two control clusters 5, and S5, and two
diseased clusters Ty and T5.

If 5) and T contain genes in control and disease samples,
respectively, with high expression values, then it 1s expected
that most of the genes (with high expression values) in cluster
5y are present in the cluster Ty, If a gene, say g, is present
in T} but not in 5; then we may infer that the gene g is over
expressed mothe disease samples. Thos the genes in the sel
(T — (5,1 TY)) are over expressed in the disease samples.
On the other hand, if both 75 and 55 contain genes with low
expression values, the presence of gene g in 7% bul not in
Ss would lead w the inference of the gene g being under
expressed in the disease samples. Thus the set (15— (5. MT5))
contains only the genes that are under expressed in the disease
samples. The method is depicted pretorially in Fig 1.

B. Clustering on fold values

Apart from the clustering on expression values, genes were
grouped by these clustering algorithms on their fold values that
are defined below. Let there be n number of control samples
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Fig. 1. Flowchart of the method based on gene expression values,

and m number of disease samples, and the expression values
of a gene g in ith control sample be c, and that in jth disease
sample be a . Then the fold value f/ of gene g is defined as

=4 .-"""_L (1)

Thus we have mn number of fold values of a gene g. We form
an mer-dimensional fold vector v, comresponding to gene g as

11 12 T
v, =Efy 'fy ""'-f;-ll'-""-f;”:i

If fold value 7 of a gene g is nearly equal to one
expression values of the gene g in both dth control and jth
disease samples are almost equal. Therefore, we may say that
the gene g has no role in mediating the development of asthma.
Fold value fi/ of gene g grater than one (or less than one)
indicates that gene g gets over expressed (or under expressed)
in jth disease sample compared o ith control sample. 1 s
to be mentioned here that in an ideal sitnation if gene g has
no role in mediating asthma, the corresponding fold vector
would be closed to the vector vy = 1 Lz IET, where all
the components of vy are 1.

In order to compule an average extent of over or under
expression of genes in a disease cluster, we have measured
Euchidean distance Dm._r., between the corresponding cluster
center and v, which 1s given by

'Dua:y — ".,-"I;HVA - VU” {2}

: _ [pll  f12 i T -
Here va = [fAL0R. o f ., i =
e n; 7 = 1,2, ..,m is the cener of an disease

cluster. The higher the value of ID,,.,. the higher will be
the extent of over or under expression of genes contained in
the disease cluster. Moreover, in order to determine whether
Dm-_q indicates an average over or under expression, we use
a term STGN defined as

e e

SIGN =33 (i - 1)

i=1 =1

(3

If STGN = 0 then D, indicates an average over expression.
On the other hand, if SIGN < 0 then D,,, indicates an
average under expression. For STGN = (), the highest D,
valve indicates that the genes in the discase cluster get the
highest extent of over expression (on an average). Similardy,
for STGN < (), the highest Dy, valoe indicates the highest
extent of under expression (on an average). The method is
depicted pictorially in Fig. 2

IV, RESULTS AND ANALYSIS
Here we identify some possible genes mediating the de-
velopment of asthma, by applying the aforesaid methodology

TABLE I
JACCARD SCORE COMPUTING SIMILARITY BETWEEN ALLERGEN AND
CONTROL CLUSTERS.

Allergen | Comtrol | For Wild Type sumples | For Knocked Out samples |
cluster cluster FAM FCM PAM FCM
Ti 51 (19973492 (LRI LS (99790 ed7l |
Ti 52 0002117 (L0 OO01TT4 LO01829 |
12 51 (L3RS (LO00A52 (LHKI745 000040 |
T2 52 (952389 (190759 (L966E4 1909175 |

based on the clustering algorithms (PAM and FCM) on the
gene expression data set GDSO5E containing 22690 genes.
Some of these genes those are over or under expressed in
the allergen samples were not known earlier. The clustering
algorithms were applied both on expression values and fold
values of genes.

A. On expression values

In the case of clustering based on expression values of the
data set GDSY5E we separately analyzed wildype and 1L-13
knocked out samples. The dimension comesponding to a gene
in wildtype nomal and wildtype allergen samples are three, as
n = = 3. For IL-13 knocked out normal and [L-13 knocked
out allergen samples, this dimension is again three asn = m =
3. For wild type samples, we have provided & = 2 as input
to both these algorthms as DB-index attains ils minimum at
k= 2 for both PAM and FCM (Figure 3). Similarly, for [L-13
knocked out samples we have provided & = 2 as input o both
these algorithm as DB-index attains its minimum at & = 2 for
both PAM and FCM (Figure 4). Thus we have obtlained two
control clusters (5 and 53) and two allergen clusters (T and
T5). We have computed Jaccard score (Table 1) o determine
the similanty between control and allergen clusters. We have
found, from Jaccard score (Table 1), that the cluster 5y is the
most similar to 73, and S5 w0 T, In fact, the clusters 5, and
11 contain genes with low expression values, and S and 7%
contain those with high expression values. Thus we infer that
the genes being present in 5 but not in 7} are over expressed
in the allergen samples. Similarly, the genes in S5 but not in
T5 are under expressed in the allergen samples.

By applying both PAM and FCM, we have found a few
genes, oul of the entire set of 22690 genes, which are over
expressed in the allergen samples. Some of these observations
were already found in [13], [32], [30], [29], [12], [22], [28].
[35], [34]. In the present investigation, we have found some
new genes including Gpnmb (glycoproteimn (transmembrang)
nmb), Serpinadn (senne (or cysteine) proteinase imhibitor,
clade A, member 3N), Sle26ad (solule camier family 26,
member 4), lgl-¥1 (immunoglobulin lambda chain, variable
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1), Ad30103C15Rik (RIKEN cDNA A430103C15 gene), Igh-
4 {immunoglobulin heavy chain 4 (serum lpG1)), AlI324046
iexpressed sequence AL324046), lgkK-V1 (immunoglobulin
kappa chain varable 1 (V1)) lgK-V5 {immunoglobulin kappa
chain variable 5 (V5 family)), which are over expressed in both
the wildtype allergen samples and 1L-13 knocked out allergen
samples. Faydd (FXYD domaimcontaining on lmansporl meg-
ulator 4) is over expressed in the wildiype allergen samples
but not over expressed in 1L-13 knocked out allergen samples.
None of them were previously found responsible for asthma,
but in our experiment, very large changes in expression values
for all of these genes in the allergen samples suggest that they
may have very important role m mediating the development
asthma.

Likewise, the set of genes that are significantly under
expressed mclude Ppplr2 (protein phosphatase 1, regulatory
{nhibitor) subunit 2), Cyp2ad (cytochrome P450, family 2,
subfamily a, polypeptide 4), Tnce (troponin C, cardiac/slow
skeletal), Dusplé (dual specificity phosphatase 16), Scnnlb
i sodium channel, nonvoltage-gated 1 beta) and Ske7al0 (solute

carrier family 7 {cationic amino acid tansporter, y+ system),
member 10) are some of the significantly under expressed
genes found in both the wildtype allergen samples and 11L.-13
knocked out allergen samples. These genes have newly been
found under expressed in the allergen samples. Some of the
observations that are in accordance with earlier investigations
include over expression of Clead ichloride channel calcium
activated 3) [22], Cisk (cathepsin k) [12], Earll {eosinophil-
associated, nbonuclease A family, member 11) [9], Spr2a
ismall proline-rich protein 2A) [34], Chi3l3 (chitinase 3-like
3 [29] and Argl (Arginase) [28], [35] in wildyype and 1L-13
knocked out allergen samples.

B. On fold values

Clustering algorthms were executed on the fold values.
Here we are looking for three clusters corresponding to (i)
the genes nol over/under expressed in the allergen samples,
(i) those over expressed in the allergen samples and (iii)
those under expressed in the allergen samples. Thus we have
considered & = 3 as input to these algorithms. It is w be
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mentioned here that we have three control samples for both
wild type and IL-13 knocked oul, e, n = 3, and three
allergen samples for both wild type and 1L-13 knocked out,
e, m = 3 5o the fold vector v, of a gene g has the
dimension of 9 { = mn) for both wildiype and IL-13 knocked
oul cases.

It is 1o be mentioned here that the clusters containing over or
under expressed genes may also include those which were not
(over o under) expressed much compared 0 those in control
samples. In order o find the genes which were much over
or under expressed compared o those in control samples, we
separately analyeed wildiype samples and IL-13 knocked out
samples. We have further divided the sets of over or under
expressed genes. For this purpose, we have used DB-index 1o
find the number of clusters into which each of these seis 1o
be divided further.

The cluster contaming the over expressed genes based on
wild type samples was divided into 2 sub clusters (for both
PAM and FCM) as the DB-index attains a minimum at & = 2
(Figure 3). The cluster containing the over expressed genes
based on IL-13 knocked out samples was divided mto 4 sub
clusters for PAM and 2 sub clusters for FCM as the DB -index
attains a minimum at & = 4 for PAM and & = 2 for FCM
i(Figure 6). The distances of these cluster centers from the
veclor vy were computed. This distance shows the extent of
over expression of the genes (contained in the comresponding
cluster) n allergen samples as compared W those in control
samples. The genes in the cluster with center farthest from the
veclor vy have the highest degree of over expression.

Considering the cluster contaming the most over expressed
genes, as shown by the distance from its center to the vector
vy, 138 genes were found to be the most over expressed in

Wariation of DB-index computed on expression values with respect to k.

the wild type allergen samples obtamed by both PAM and
FCM. Out of these 158 genes, Gpnmb, Fuydd4, Serpinadn,
Sle2bad, 1gl-V1, A430103C I5Rk, [gh-4, AL324046, [gK-V1,
lgK-V5 are some examples. Gpnmb, Serpinadn, Sle26ad, Igl-
V1, A430103C 15Kk, 1gh-4, AI3240M6, [gK-V1, [gK-V35 are
also found most over expressed based on the 1L-13 knocked
out allergen samples of the genes. 1t is 10 be mentioned here
that the over expressed genes Clead [22], Cisk [12], Sprr2a
[34], Chi3l3 [29] and Arzl [28], [35] obiined by this method
have also been found by some eadier investigations. Clea3,
Cusk, Sprr2a, Chi3l3 and Argl found over expressed in both
wild type and 1L-13 knocked out samples.

Similarly, the cluster contuning under expressed genes
based on wild type samples was divided into 2 sub clusters
for PAM and 3 sub clusters for FCM, as DB-index attains ils
minimum at & = 2 for PAM and at & = 3 for FCM (Figure
7). The cluster containing under expressed genes based on
IL-13 knocked out samples was divided into 2 sub clusters
for both PAM and FCM, as DB-index altains ils minimum at
I = 2 for both PAM and FCM (Figure 8). As in the case
of over expressed genes, distances of all the cluster centers
from the vector vy is computed to check the extent of under
expression. The cluster containing the genes having the highest
extent of under expression in allergen samples compared 1o
that in control samples 15 selected based on these distance
values. Using the above process based on the distance measure,
the farthest cluster is identified. As in the case of clustering
based on expression values, Ppple2, Cyp2ad, Tnee, Dusplé,
Scennlb and Ske7all) are some of the possible examples of
under expressed genes in both wild type and 1L-13 knocked
out samples. In order 1o restrct the size of the aticle, we have
not reported all these overfunder expressed genes here.
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TABLE 11
LIST OF GENES NEWLY FOUND OVER EXPRESSED IN ALLERGEN SAMPLES.
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Thus we have found some possible new genes including
Gpnmb, Fxyd4, Serpinaidn, Sle26ad, 1gl-V1, A430103C15Rik,
lgh-4, AlL324046, 1gK-V1, 1gK-V5 which were found over
cxpressed in the allergen samples, by applying both PAM
and FCM, executed on both expression and fold values (Table
1I). Similarly, Ppple2, Cyp2ad, Tnee, Duspl6, Sconlb and
S1c7al0 were found o be under expressed in allergen samples
{Table 111). We may infer from this fact that these genes may
play important role in mediating the development of asthma.

C. Biological validation of wesults on over expressed genes

In our results we found lgl-V1, IgK-V1, 1gK-V5, Igh-
4, lgh-WI558 and Al324046 significantly over expressed in
asthma samples. These genes have been found o take part
in construction of Immunoglobulin [2]. S0 over expression
of these genes may have significant role to play for allergic
asthma by increasing production of Immunoglobulins.

Other genes found significantly over expressed in asthmatic
samples compared to normal samples include Gpnmb, Tnfrsi9,
BCO32204, Serpinadn, Fuyd4 and SLC26A4. The prolein en-
coded by Gpnmb gene is a type | transmembrane glycoprotein.
Another type 1 transmembrane glycoprotein gene CD44 al-
ready known to have a role in the pathogenesis of asthma [24].
Gpnmb may have similar important role in the pathogenesis
of asthma. Tofrsf9 gene has been found responsible negative
regulation of cell proliferation and to play a role in immune
response also. The GEArray 8§ Serdes Mouse Autoimmune and
Inflammatory Response Gene Armray [3] is designed o profile
the expression of genes known o be involved in and important
o immune responses such as autoimmunity and inflammation.
It places gene Tufrsf9 o functional gene group Cylokines &
Receptors along with all known cytokmes (IL-13, 1L, ..
responsible for allergic asthma.

BC0O32204 gene found responsible for cell adhesion. Pre-
vious findings on expression of cell adhesion molecules in
asthma [7] suggest that BOO32204 may have very important
role to play in mediation of asthma. Serpinain is expressed
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at high levels in brain, heart, liver, lung, spleen, testis and
thymus, and at low levels in bone marrow, kKidney and skeletal
muscle. Serpinadn gene provides instructions for making a

| protein called Serine protease inhibitor A3N. Genetic Asso-

ciation Database [4] shows that Serpina’n is associated with
asthma. Fxyd4 gene provides instructions for making a protein
called FXYD domain-contiming 1on transport regulator 4.

| Potentially this is a type | membrane protein. Fxyd4, originally

named CHIF for channel-inducing factor, has been shown
to modulate the properties of the Na, K-ATPase [25]. A
previous study [8] shows that the activities of Na, K-ATPase
were decreased in patients suffedng from asthma and these
abnormalities may modulate the clinical severity of asthma.
SLC26A4 gene provides instructons for making a protein
called pendnn. This protein tmnsports negatively charged
particles (particulady chloride, wdide and bicarbonate) across
cell membranes. Previous results [27] confinm the involve-
ment of the CFTR ({cystic fibrosis transmembrane conductance
regulator, ATP-binding cassette (sub-family C, member 7))
gene in asthma, CFTR markedly activates Cl and OH/HCO3
transport by pendrin. Increased expression level of SLC26A4
gene may have a role o play in asthma by increasing the
level of pendrin. Thus biological information about all newly
found over expressed genes shows that these genes may play
important roles in mediating the development of asthma.

D Biological validation of wesults on wnder expressed genes

We have found several genes including Ppplr2, Tnce,
Duspl6, Sconnlb, Sle7al() that are heavily under expressed
in asthmatic condition. Biological information about Ppple2,
Tnce, Duspl6, Sconlb and Ske7al0 genes and their func-
tonlaities are available in the web site [2]. The site shows
that Ppplr2 gene is an inhibitor of protein-phosphatase 1.
Troponin (Tn) is the central regulatory protein of siriated
muscle contraction, which consists of three components, viz,
Tn-l {inhibitor of actomyosin ATPase), To-T (containing the
binding site for ropomyosin and Tn-C) and Tn-C (inactivating
the inhibitory action of Tn on actin families on binding
calenm toath. It 1s to be noted that Tn-C protein s produced
by Tnce gene. DUSP16 gene is involved in the inactivation
of MAP kinases. Scnnlb belongs to the amiloride-sensitive
sodium channel family. Scnnlb controls the reabsorption of
sodium in kidney, colon, lung and sweat glands. SIc7al0 may
play a mle in the modulation of glutamatergic transmission
through mobilization of D-serine at the glutamalergic synapse.

V. CONCLUSIONS

The present aricle has identified several possible over and
under expressed penes, using clustering based technigues,
mediating the development of asthma. 1t is o be mentioned
here that although clustenng algorithms have been applied
on varous gene expression data, those based on fuzzy set
theory have not been considered much, specifically in the
domain asthma gene expression samples. The methodology
involves the application of clustering algorithms on expression
and fold values of genes, followed by determining similar-
ity/dissimilanty among vanous clusters and measuring  the
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extent of over and under expression of genes contained in
different clusters.

On applying the said methodology, we have identified
Clea3, Cusk, Earll, Sprr2a, Chi3l3 and Argl genes that are
greatly over expressed in both wild type and 1L-13 knocked
out asthma samples. Previous work and biological evidences
validate some results. We have identified several possible new
genes, by the techniques applied to both expression and fold
values, including Gpnmb, Fxyd4, Serpinadn, Sk26ad, 1gl-V1,
A430103C15RIk, lgh-d, AI324046, 1gkK-V1, lgK-V5 that are
severely over expressed in allergic asthma condition. Similardy,
we have found several genes including Ppple2, Cyp2ad, Tnec,
Duspl6, Scnnlb, Ske7al0 that are heavily under expressed in
asthmatic condition. Therefore, these genes may be considered
as mediators for asthma.
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