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Abstract. The detection of the regions with mutations associated with different
pathologies is an important step for selecting relevant genes. The corresponding
information of the mutations and genes is distributed in different public sources
and databases, so it is necessary to use systems that can contrast different sources
and select conspicuous information. This work proposes a virtual organization of
agents that can analyze and interpret the results from Array-based comparative
genomic hybridization, thus facilitating the traditionally manual process of the
analysis and interpretation of results.
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1 Introduction

Different techniques presently exist for the analysis and identification of
pathologies at a genetic level. Along with massive sequencing, which allows the
exhaustive study of mutations, the use of microarrays is highly extended. CGH
arrays (aCGH) (Array-based comparative genomic hybridization) are a type of
microarray that can analyze information on the gains, losses and amplifications [7]
in regions of the chromosomes to detect mutations [5], [3]. Expression arrays
measure the expression level of the genes. aCGH are currently used to detect
relevant regions that may require deeper analysis. In these cases, it is necessary to
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work with vast amounts of information, which necessitates the creation of a
system that can facilitate the automatic analysis of data that, in turn, facilitates the
extraction of relevant information using different data bases. For this reason, it is
necessary to automate the aCGH processing.

aCGH, also called microarray analysis, is a new cytogenetic technology that
evaluates areas of the human genome for gains or losses of chromosome segments
at a higher resolution than traditional karyotyping. When working with aCGH,
segments of DNA (Deoxyribonucleic Acid) are selected from public genome
databases based upon their location in the genome. Computer software analyzes
the fluorescent signals for areas of unequal hybridization of patient versus control
DNA, signifying a DNA dosage alteration (deletion or duplication). These arrays
offer genome-covering resolution that can offer precise delineation of breakpoints.
This is important in determining common regions of overlap and implicated genes.
Due to their small target size, oligonucleotide arrays suffer from poorer signal to
noise ratios that often results in a significant number of false-positive outliers. At
present, tools and software already exist to analyze the data of arrays CGH, such
as CGH-Explorer [2], ArrayCyGHt [12], CGHPRO [1], WebArray [8] or
ArrayCGHbase [4], VAMP [6]. The problem with these tools is the lack of
usability and of an interactive model. For this reason, it is necessary to create a
visual tool to analyse the data in a simpler way.

The process of arrays CGH analysis is broken down into a group of structured
stages, although most of the analysis process is done manually from the initial
segmentation of the data. This study presents a multi-agent system [10] that
defines roles to automatically perform the different stages of the analysis. In the
first stage, the data are segmented [11] to reduce the number of gains or losses
fragments to be analyzed. The following steps vary in terms of the type of analysis
being performed and include: grouping, classification, visualization, or extraction
of information from different sources. The system tries to facilitate the analysis
and the automatic interpretation of the data by selecting the relevant genes,
proteins and information from the previous classification of pathologies. The
system provides several representations in order to facilitate the visual analysis of
the data. The information for the identified genes, CNVs (Copy-number
variations), pathologies etc. is obtained from public databases.

This article is divided as follows: section 2 describes our system, and section 3
presents the results and conclusions.

2 Multi-agent System

The multi-agent system designed to analyze our data is general enough that it can
be adapted for other types of data analysis. The multi-agent system is divided into
different layers: the analysis layer, the information management layer. The
developed system receives data from the analysis of chips and is responsible for
representing the data for extracting relevant segments on evidence and existing
data. Working from the relevant cases, the first step consists of selecting the
information about the genes and transcripts stored in the databases. This
information will be associated to each of the segments, making it possible to
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quickly consult the data and reveal the detected alterations at a glance. The data
analysis can be carried out automatically or manually.

2.1 Analysis Roles

The analysis roles contains the agents responsible for performing the actual
microarray analyses. The information management layer compiles the information
from the database and generates local databases to facilitate their analysis. The
visualization layer facilitates the management of both the information and the
algorithms; it displays the information and the results obtained after applying the
existing algorithms at the analysis layer.

The agents at the analysis layer adapt to the specific class of microarray, in this
case the aCGH, and within the aCGH they adapt to the different types of
microarrays with which they work. To perform the data analysis, the agents are
incorporated for: segmentation, Knowledge extraction, and Clustering.

The segmentation process is performed by taking into account the differential
normalization for gains and losses. The segmentation process is based on the
madldr (median absolute deviation, 1st derivative) value for each of the arrays,
which determines the threshold for gains or losses that is considered relevant for
each case. This metric provides a surrogate measure of experimental noise.

For this particular system, the use of chi Square was chosen because it is the
technique that makes it possible to work with different qualitative nominal
variables to study factor and its response. The contrast of Chi Square makes it
possible to obtain as output the values that can sort the attributes by their
importance, providing an easier way to select the elements. As an alternative, gain
functions could be applied in decision trees, providing similar results.

2.2 Information Management Roles

Once the relevant segments have been selected, the researchers can introduce
information for each of the variants. The information is stored in a local database.
These data are considered in future analyses although they have to be reviewed in
detail and contrasted by the scientific community. The information is shown in
future analyses with the information for the gains and losses. However, because
only the information from public databases is considered reliable, this information
is not included in the reports.

Besides the system incorporates a role to retrieve information from UCSC
(University of California Santa Cruz) and use this information to generate reports.
This information is important in order to select the relevant segments.

3 Visual Analysis

A visual analysis is performed of the data provided by the system and the
information recovered from the databases. New visualizations are performed in
order to more easily locate the mutations, thus facilitating the identification of
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mutations that affect the codification of genes among the large amount of genes.
Visualization facilitates the validation of the results due to the interactivity and
ease of use of previous information. Existing packages such as CGHcall [9] in R
do not display the results in an intuitive way because it is not possible to associate
segments with regions and they do not allow interactivity.

The system provides a visualization to select the regions with more variants
and relevant regions in different pathologies. The visualizations make is possible
to extract information from databases using a local database.

A visual analysis is performed of the data provided by the system and the
information recovered from the databases. New visualizations are performed in
order to more easily locate the mutations, thus facilitating the identification of
mutations that affect the codification of genes among the large amount of genes.
Visualization facilitates the validation of the results due to the interactivity and
ease of use of previous information. Existing packages such as CGHcall [9] in R
do not display the results in an intuitive way because it is not possible to associate
segments with regions and they do not allow interactivity.

The system provides a visualization to select the regions with more variants
and relevant regions in different pathologies. The visualizations make is possible
to extract information from databases using a local database.

4 Results and Conclusions

In order to analyze the operation of the system, different data types of array CGH
were selected. The system was applied to two different kinds of CGH arrays: BAC
aCGH, and Oligo aCGH. The information obtained from the BAC aCGH after
segmenting and normalizing is represented in Tab. 1. As shown in the figure, there
is one patient for each column. The rows contain the segments so that all patients
have the same segments. Each segment is a tuple composed of three elements:
chromosome, initial region and final region. The values vj; represent gains and
losses for segment i and patient j. If the value is positive, or greater than the
threshold, it is considered a gain; if it is lower than the value, it is considered a
loss.

Table 1 BAC aCGH normalized and segmented

Segment Patient 1 Patient 2 Pantient n
Init-end Vi1 Viz Vin
Init-end Va1 Voo vee Von

The system includes the databases because it extracts the information from
genes, proteins and diseases. These databases have different formats but basically
there is a tuple of three elements for each row (chromosome, start, end, other
information). Altogether, the files downloaded from UCSC included slightly more
than 70,000 registries.
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Fig. 1 Selection of segments and genes automatically

Figure 1 displays the information for 18 oligo arrays cases. Only the
information corresponding to chromosome 11 is shown. The green lines represent
gains for the patient in the associated region of the chromosome, while the red
lines represent losses. The user can select the regions and use these highlighted
regions to generate reports.

When performing the visual analysis, users can retrieve information from a
local database or they can browse through UCSC. For example, figure 2 contains a

R =)
File

knownGe... | knownGe... | knownGe... | knownGe... | knownGe... | knownGe... | knownGe... | keggPath... | kgXrefm... | kgXref.ge.. | kgXref.de.. | hgnchgn... | hgnc.sym... | hgncput
uc001qei1 127837465 127897099 127833869 127897371 chrit P14921 hsa04320 NM_0052.. ETS1 vetsernth.. HGNC:34.. ETST 1522903 &
uc001qgei.1 127837465 127807099 127833860 127897371 chrit P14021 hsa05200 NM_0052.. ETS1 v-ets envth.. HGNC:34.. ETS1 15220037
uc01geil 127837465 127897099 127833869 127897371 chri P14921 hsa05211  NM_0052.. ETS1 velsenin.. HGNC34. ETS1 1522903
uc001qej.1 127837465 127948235 127835182 127962663 chri1 QBN087 hsa04320 BKXG40634 ETS1 v-ets enth...

ucO01qej1 127837465 127948235 127835182 127962663 chri QBND87  Nnsa05200 BXG40634 ETS1 v-ets eryth

uc001qej.1 127837465 127948235 127835182 127962663 chri1 QBN087 hsa05211 BXG40634 ETS1 v-ets enth...

ucO01qek2 128056345 128056345 128056345 128062024 chrit AX747861 AX747861 Homosa

uc01qel2 128066785 128066785 128066785 128071128 chrit BC039676 BC039676 Homo sa

ucO01ge. 128069363 128186083 128069198 128187521 chrli Q01543 NM_0020.. FLI1 Friend leu.. HGNC:37.. FLM 1765382
uc01gen2 128133300 128143532 128133219 128143621 chrit AF147318  FLI1 Homo sa

uc001gfc2 128751140 128826507 128751090 128827384 chrit QBNT51 NM_0036.. BARX2 BarH-like

uc001afdd 129069722 129069722 129069722 129073350 chrit AXT4B800  AX746800 Homo sa

uc001gfe.! 120227587 120233790 120190950 129235108 chrit Q96821 NM_1387.. TMEM45B  transme. HGNC:25.. TMEM45B 1247793
uc0TgL1 129227587 129233790 129225277 129235108 chrit Qe6E21 BCO16153 TMEMASB  transme.. HGNC25.. TMEM4SB 1247793
uc001qgfg.1 129239829 129267993 129239574 129268114 chri1 QBP4RE-2 NM_0061.. NFRKB nuclear fa.,

uc001gih.1 129239829 129268449 129239574 120270662 chrll QEP4RS uos191 NFRKB nuclearfa.. HGNC78.. NFRKB 1427843
uc001qfi.l 129239829 129267954 129239574 129270662 chrit Q6P4RE BC063280 NFRKB nuclearfa.. HGNC:78.. NFRKB 1427843
uc001qfi1 120277417 129322511 120274810 1209322727 chrit QINQVE NIM_1994.. PRDM10 PR domai.. HGNC:13.. PRDM10 1217587
uc001gfk1 129277417 120322511 129274810 129322727 chrit Q86372 NM_1994.. PRDM10 PR domai

uc001gfli 129277417 128322511 120274810 120322727 chrit Q17R90 BC117415 PROM10 PR domai

uc01gfim 1 129277417 129336069 129274810 129377940 chri NP_0646 NM_0202.. PRDM10 PR domai

uc001gin.1 120277417 120336069 120274810 129377940 chrit NP_9554. NM_1994.. PRDM10 PR domai...

uc09zcg1 127837643 127897099 127835182 127897371 chrit QU6AC5  hsa04320 BCOT7314 ETS1 ETS1 prot.

uc009zcg.1 127837643 127807099 127835182 127897371 chrit QOGACS hsa05200 BC017314 ETS1 ETS1 prot.

uc009zcg.1 127837643 127897099 127835182 127897371 chrii QUEACS  hsa05211 BCOT7314 ETS1 ETS1 prot

uc009zch.1 127837465 127897099 127835182 127897371 chrit ASUL1T hsa04320 AY943926 ETS1 Ets-1 tran.

uc09zch.1 127837465 127897099 127835182 127897371 chrli AQULT7 ~ Nnsa05200 AY943926 ETS1 Els-1 tran

uc009zch.1 127837465 127897099 127835182 127897371 chrit AQULY7  hsa05211 AV043926 ETS1 Els-1 tran

uc009zci1 128139894 128186093 128069198 1281886099 chrit Q015432 M93255 FLI1 Friend leu

uc009zer1 129239829 120249354 129239574 129250021 chrid NP_0061 AL512730  NFRKB nuclear fa

uc009zcs 1 129289610 129290851 1202809436 120290965 chrit AK310354 KIAA1231  Homosa v
LS A3

Fig. 2 Report with relevant genes
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report with the information for the segment belonging to the irrelevant region
shown in the previous image.

In order to facilitate the revision and learning phases for the expert, a different
visualization of the data is provided. This view helps to verify the results obtained
by the hypothesis contrast regarding the significance of the differences between
pathologies. Figure 3 shows a dendrogram with the information of the groups. The
expert can review the clusters and modify the group belong each patient selecting
each patient.

PP LIPLEEEEEEE PR

Patient: 53044
Class: 1

Fig. 3 Reviewing clustering process

The presented system facilitates the use of different sources of information to
analyze the relevance in variations located in chromosomic regions. The system is
able to select the genes, variants, genomic duplications that characterize
pathologies automatically, using several databases. This system allows the
management of external sources of information to generate final results. The
provided visualizations make it possible to validate the results obtained by an
expert more quickly and easily.
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