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MODEL OF FILTRATION SYSTEM OF DNA NUCLEOTIDES GENE
EXPRESSION PROFILES

Researches on an optimization of the filtration process of DNA nucleotides gene expression profiles are
presented in the article. Filtration was carried out under the terms of the expression detecting of corresponding
gene, herewith the variance of gene expression, the absolute value of expression and the Shannon entropy were
used as criteria. The value of thresholding coefficient was estimated on the basis of proximity of average measure
of objects within the homogenous group and between groups. Estimation of the quality of information processing
was performed by the comparative analysis of the clustering results of processed and unprocessed data.
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C.A. BABIUEB

VuiBepcurer fIna EBanremucra ITypkine B Ycri Ha JIa6i, Uexis

MOJIEJIb CACTEMH ®LIbTPAII MPOPLIIB EKCITPECIi TEHIB HYKJEOTH/IIB JTHK

Y emammi npeocmasneno docniodcenns no onmumizayii npoyecy @inompayii npoginie excnpecii eewie
nykneomuoig JJHK. @inempayis nposoounacs 3a ymoeamu 6UsHAYeHHs. eKCnpecii 8i0nN06i0H020 2eHa, npu YboMmy K
Kpumepii GUKOpUCTOBYBAUC OUCNEPCisn eKCnpecii eenis, abcontomue 3HaueHHs ekcnpecii ma enmponis [llennona.
Oyinka 3HauenHs mpeuorouHe08020 KoepiyicHmy nposoounacs Ha niocmasi cepeonvboi mipu 6ausbkocmi 00'ckmis
6cepeduni 00HOPIOHOL epynu ma midxc epynamu. Oyinka skocmi 00poobKu iHopMayil BUKOHYBANACS 34 OONOMO2010
NOPIBHAILHO20 AHANIZY pe3yIbmamie Kiacmepusayii 00pooieHux ma HeoOpooIeHux OaHUX.

Krouosi crosa: excnpecis eenis, ghinompayis, nykneomuou JJHK, mpewonoune, kiacmepusayis

C.A. BABYEB

VYuusepcurer Slna EBanrenucra [Typkune B Ycru Ha Jlabe, Uexust

MO/JIEJIb CACTEMBI ®UJIHTPAIIMU MTPO®UIEN SIKCITPECCUU TEHOB HYKJIEOTHJIOB JTHK

B cmamve npedcmasnenvl uccie008anus no ONMUMU3AYUU npoyecca Guibmpayuu npoguael IKChpeccuu
eenog  nykneomuooé JHK.  Q@uuvmpayus  npousgoounacs no  YCloGUAM — Onpeoeienus — IKCHpeccuu
COOMEEemMcmeyIoue20 2ena, npu 3mMom 6 Kauecmee Kpumepueg UCHOIb306ANUCH OUCNEPCUSi IKCRPECCUU 2€HOS,
abcontomnoe 3navenue sxcnpeccuu u umponus ILlewnona. 3navenue mpewonounz06020 xodpPuyuenma
OYEHUBANOCH HA OCHOBAHUU CPeOHel Mepbl OAU30CIU 00BEKMO08 BHYMPU 0OHOPOOHOU 2PYNNbL U MeHCOY SPYRNAMU.
Oyenka kawecmea 06pabomku uHGoOpmayuu bINOIHANAC, NOCPEOCMBOM CPABHUMENLHO20 AHANU3A PE3VIbMAMO8
Kaacmepuzayuy 00paboOmManHvIx u HeoopaboOMAaHHbIX OAHHYIX.

Kniouesvie cnosa: sxcnpeccus eenos, gunsmpayus, nykreomuowvt JJHK, mpewonoune, knacmepusayus

Problem statement

Functional genomics is one of the actual directions in the field of bioinformatics nowadays. Its main task
is analyzing and implementation of transfer information mechanisms, recorded in the genome of biological cells,
from gene to feature. On this basis the subsequent identification of the object state is carried out. RNA Sequencing
[1] and analysis of DNA microarray data [2-5] are the basic methods of gene expression determining nowadays.
Each of these methods has its advantages and disadvantages. RNA sequencing method allows us to obtain the direct
information about the RNA molecule nucleotides sequence of the investigated genome that in its turn allows to
determine the expression absolute value of the corresponding gene. High cost of the experiment is the main
disadvantage of this technology. The low cost, the possibility of simultaneous analysis of tens of thousands genes,
the technology available to practical implementation are the advantages of DNA microarray technology. High error
of results obtained due to the high level and specificity of noise component that arises at the stage of microarray
creating and reading information from this microarray is the main disadvantage of this technology. Thereby the
development of effective methods of DNA microarray data preprocessing on the basis of modern computer methods
of information processing is highly relevant.

Analysis of recent research and publications

The research papers [3-6] are devoted to issues of DNA microarray data processing. The authors carry out
a detailed analysis of various stages of DNA microarray creating, reading information from microarray, and post-
processing in order to estimate the gene expression level of the studied objects. The article [7] presents the results of
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the experiments for cancer patient data clustering with the use of different clustering algorithms. The authors
conducted researches to choose the optimal group of methods for data preprocessing, and the Shannon entropy was
used as the main criterion in this case. However, it should be noted, that issues of data filtration in accordance with
specifics of noise (non-specific hybridization) are not considerably paid attention at this works.

Unsolved parts of the general problem are the absence of effective filtering algorithms for DNA microarray
data, focused on the removing of nonspecifically hybridized genes as well as genes that do not carry the essential
information about the features of the analyzed objects.

The aim of the article is the development of step by step filtering techniques of gene expression profiles of
DNA microarray data based on the complex use of different criteria to estimate the gene expression variations of
biological objects.

The presentation of the basis material

The matrix of light intensity in size of (n x m) is the result of DNA microarray data
scanning: A = {xij },i =1,...,n,j=1,..,m, where i — is the number of experiments carried out or the number of

objects investigated, j — is the number of conditions under which the appropriate genes have been expressed. It is
obvious that the level of gene expression should be significantly varied under the same conditions for various
radically different biological objects due to the diversity of the occurring biological processes. Therefore, the genes
whose expression does not correspond to this condition may be deleted from the data array as uninformative. This
fact will be able to increase the resolution for further information analyses. Filtration of DNA microarray data
suggests the presence of the following stages:

- removing of genes with missing values of gene expression, arising due to the fact of some
samples appeared to be unhybridized;

- removing of genes with low value of profiles variance. Low value of variance indicates
insignificant change of the gene expression level during the transition from one object to another, that does not
contribute to high quality of subsequent information processing;

- removing of columns with low absolute value of gene expression. Poor hybridization is the
reason of the low absolute values of gene expression profiles;

- removing of genes with high absolute value of Shannon entropy [6]:
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where E I is the entropy of j-th gene, p(xlj) — is the probability of state realization of j-th gene of i-th object. In
accordance with the classical definition of entropy, it is a quantitative measure of the randomness of the structural
elements in the system. The low value of the entropy corresponds to a high normativity due to high ordering of the
gene expression level for the set of studied objects. The high entropy corresponds to a high level of disordering of
expression profiles distribution for different objects that can be interpreted as noise.

The threshold value of the variation feature, which defines the board of genes set division into information
and non-information is determined by the condition:

Ve;: f(ej)ﬁk-min(f(ej», k=1 or Ve;: f(ej)zk-max(f(ej», k<1 ()
where j=1,...,m — is the number of conditions of gene expression determining, f (e j) — is the thresholding

coefficient, what determines empirically in each case. The choice of thresholding coefficient value was carried out
by analysis of changes of mean-square value of distance from objects to mass center of homogenous group of
objects (clusters) during the removing of studied database columns:
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and average of intercluster distance which is determined for two clusters as mean-square value of distance from
objects of cluster S to mass center of cluster P and inversely:
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where n; and n, — are the numbers of objects in clusters S and P respectively, ¢ — is the mass center of
corresponding cluster:
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n — is the number of objects, m — is the number of features, that characterize objects. In the case of several clusters
average intracluster distance was determined as average for intracluster distances of all clusters:
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and average intercluster distance was determined as average for intercluster distances of all pairs of clusters.
However, it should be noted that the absolute values of the criteria defined by formulas (3) — (6) have the
disadvantage. The average density of the objects within the clusters distribution can be decreased during increasing
of the number of removing columns (change of the thresholding coefficient k value), that will cause the increase of
the average intracluster distance. Herewith, the increase of average of intercluster distance with more high speed is
possible this increase may be indicated by better quality of objects division. In this case the use of complex relative
criterion, extremum of which will allow to optimize the reasonable choose of thresholding coefficient, is
appropriate:
R = M 7
D
As an experimental base for research we used a database of patients with lung cancer E-GEOD-68571 of
the database Array Express [7], which includes the gene-expression profiles of 95 patients, ten of which are healthy
(Norm). The rest 85 patients were divided by the degree of the disease into three groups: 23 patients are in good
state (Well), 41 patients are in moderate state (Moderate-Md), and 21 patients are in poor state (Poor). The
processing of the DNA microarray scanned image was carried out in the following way: background correction by
rma method, quantil normalization, mass-PM correction and summarization by mass-method. As the result, the
matrix in size (96x7129) of gene expression profiles was obtained, where number of rows corresponds to the
number of experiments and numbers of columns are the number of conditions of estimation gene expression
profiles. There were no missing values at the obtained matrix of data.

Results of the experiment are shown in Fig. 1-3.

Fig. 1. Experiment results of data filtration based on using of the gene expression variance criterion: a) the plot of average intracluster
distance against thresholding coefficient; b) the plot of average intercluster distance against thresholding coefficient; c) the plot of
relative distance against thresholding coefficient; d) distribution of studied object genes in case of low and high variance

Analysis of plots at Fig. 1a and 1b allows to conclude about inefficiency at this case of absolute values of
intercluster and intracluster distances because during thresholding coefficient increase the values of these criterions
monotonically increase too. However, Fig. 1¢ shows that value of relative distance, calculated by the formula (7) is
maximum when value of thresholding coefficient is k = 14. 283 columns had been deleted in this case and new
matrix of gene expression obtained dimension (96x6846). In Fig. 1d the distribution of gene expression for low and
high variance is shown. In the figure it is shown that removing the column with a low gene expression variance is
reasonable, because these columns are not informative for studied objects identification.
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Analysis of plots in Fig 2 allows to conclude that the increase of thresholding coefficient value to 1,2 has
no significant influence to the value of quality criteria of objects grouping. 89 columns of data were removed from
matrix when k = 1,2. The further increase of thresholding coefficient value contributed to the steep increase of
deleted information quantity. This fact is connected with the risk of feature space informativity decrease. Therefore
the matrix of studied data takes the size of (96x6760) at this stage. Example of gene expression distribution for two
objects with low and high absolute values of expression is shown in Fig. 2d.

Fig. 2. Experiment results of data filtration based on using of the gene expression absolute value criterion: a) the plot of average
intracluster distance against thresholding coefficient; b) the plot of average intercluster distance against thresholding coefficient; c) the
plot of relative distance against thresholding coefficient; d) distribution of studied object genes in case of low and high absolute values

In Fig. 3 the results of the experiment using of entropy criterion are shown. On the basis of the experiment
results analysis the value of thresholding coefficient was accepted as 0,999, herewith 101 column was deleted and
the matrix of new data takes the size (96x6659). Example of gene expression distribution for two objects with low
and high Shannon entropy of expression is shown in Fig. 3d.

Estimation of the proposed method effectiveness was carried out by the objects clustering of initial set of
normalized data, principal components of initial data set and filtering data principal components. Simulation was
carried out by software KNIME using SOTA algorithm clustering [10]. All meaningful principal components were
taken for component analysis and the size of array of studied objects decreased to (96x94). In Table 1 the results of
simulation are shown.

Table 1
Results of studied data cluster analysis
Clustering error Initial set Denoise set PC initial data PC filtr. data
Well->Md 5 5 5 4
Md—Well 3 3 3 2
Poor—»>Md 5 5 5 4
Md—Poor 8 7 8 7
Poor—»>Well 1 1 1 -

Data analysis of table 1 allows to draw a conclusion on effectiveness of the proposed method, because the
principal components of filtering data have less clustering error at the same conditions of clustering. The system has
divided the studied objects into patient and not-patient in all cases, however the results are different within the
patients group. Intersection of clusters with poor and moderate and with well and moderate states is completely
logical, as for as moderate state can be both a moderate-poor and a moderate-well, but intersection of principal
components of filtering data is less than in all other cases. However, clusters intersection with poor and well states
is inadmissible. This intersection has not been of analyses of principal filtering data only.

307




BICHHUK XHTY Ne3(58), 2016 p. MATEMATHYHE MOJAE/IFOBAHHA ®IBUYHHX 1
TEXHOJIOI'TYHUX TPOLECIB 1 TEXHIYHUX CUCTEM

Fig. 3. Experiment results of data filtration based on using of the gene expression entropy Shannon criterion: a) the plot of average
intracluster distance against thresholding coefficient; b) the plot of average intercluster distance against thresholding coefficient; c) the
plot of relative distance against thresholding coefficient; d) distribution of studied object genes in case of low and high entropy

Conclusion
This article presents the method of step by step DNA nucleotide filtration, obtained by DNA microarray
experiments. Variance of gene expression, absolute value of expression and Shannon entropy were used as criteria
to estimate the informativity of the studied objects features vectors. As an experimental base for research we used a
database of patients with lung cancer E-GEOD-68571 database Array Express, which includes the gene-expression
profiles of 95 patients, ten of which are healthy (Norm), and 85 patients are divided by the degree of the disease into
three groups: 23 patients are with good state (Well), 41 patients are with moderate state (Moderate-Md), and 21
patients are with poor state (Poor). The evaluation of thresholding coefficient for removing of not-informative
columns was carried out on basis of intergroup and intragroup distances calculating, herewith Euclid distance was
used as a measure of proximity. 470 columns were removed during data filtration and dimension of initial array of
the studied data was changed from (96x7129) to (96x6659). The cluster analysis using SOTA clustering algorithm
was carried out for the evaluation of the effectiveness of the method, herewith the principal components were
calculated at the preliminary stage for the purpose of feature space dimension reduction, and the number of columns
of database was reduced to 94. The results of experiment have shown higher quality of filtering data principal
components clustering, because the cluster intersection of objects with poor and well state inside the patients group
was not observed only in this case. Moreover, the use of filtering data principal components allowed to get the best
separation ability of studied objects clustering.
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