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Preface

The Bioinformatics Research Group of the Faculty of Mathematics celebrates its
tenth anniversary by organizing the first International Meeting on Data Mining
in Bioinformatics. The purpose of this meeting is to bring together researchers
interested in the development and application of data mining and information
technologies to the field of life sciences. The focus of this meeting is on data min-
ing. However, areas of interest include other information technologies, as well,
such as sequence analysis, biostatistics, pattern recognition, machine learning
and other related fields. Specific purpose of the meeting is to promote bioinfor-
matics among researches and prospective researches here in Belgrade and Serbia,
broadening and deepening our own understanding of the field and bringing to-
gether different research communities, from informatics to molecular biology to
biomedicine, thus helping us consider possibilities for future cooperation with
colleagues from different fields.

The meeting is of a workshop kind, with invited lectures only. We are grateful
to all the participants who accepted our invitation to present their research. The
book of abstracts of their presentations is in our hands. We thank to the Ministry
of Education and Science of the Republic of Serbia for financially supporting
publication of this book of abstracts. We also thank all who helped us in making
this event happen.

We shall do our best to make the Data Mining in Bioinformatics conference
become a tradition and a place of gathering, exchange and birth of ideas in the
field of bioinformatics here in Belgrade, as well as a place where we all feel good,
as being at home.

June, 2012 Gordana Pavlovi¢-Lazetié¢
Program Chair
DMBI 2012
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Data management /text mining/data integration in the
SEURAT cluster

Gordana Apié

Cell Networks, University of Heidelberg, Germany, and CCNet, Cambridge UK
gordana.apic@camcellnet.com

Abstract. SEURAT is a part of an initiative by European Commission’s
FP7 Health Program and the COLIPA (European Association of Cos-
metics Industry) funded initiative with over sixty partners and six re-
search projects representing the building blocks of a common strategy
towards the development of solutions for the replacement of current re-
peated dose systemic toxicity testing in human safety assessment. Part
of the data integration and management efforts are planned on a sys-
tems biology framework starting with the classification of the pre-existing
knowledge from the literature and expanding with integration of the a
number of experimental read-outs created in the project.

Keywords: data management, text mining, data integration

Overview

SEURAT is a part of an initiative by FEuropean Commission’s FP7 Health Pro-
gramme and the COLIPA (European Association of Cosmetics Industry) funded
initiative with over sixty partners and six research projects representing the
building blocks of a common strategy towards the development of solutions
for the replacement of current repeated dose systemic toxicity testing in hu-
man safety assessment. Part of the data integration and management efforts are
planned on a systems biology framework starting with the classification of the
pre-existing knowledge from the literature and expanding with integration of the
a number of experimental read- outs created in the project.

The research projects are creating a wide range of readouts and experimental
test, from in vitro assays to different-omics data, and this information needs to
be brought into a common context in order to help to shed light on to underlying
mechanisms of long term systemic toxicities as well as to help create predictive
in vitro and in silico models for predicting toxicity of chemicals.

Since the common goal is to find alternatives to animal testing, information
and results of in vivo animal tests and findings in humans described in the
body of literature over the last several decades becomes an important source
of information and knowledge that can help relate in vitro/in silico findings to
in vivo findings. We use a simple approach starting with harvesting the legacy
information from the literature and providing partners with useful pre-existing
knowledge in a form of a simple database. Such knowledge framework with links
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to original references has an advantage that it delivers useful information to the
partners very early at the start of the project and serves as a starting point for
data integration.

Here we describe an iterative strategy for data integration and management
starting with a simple wiki based portal for sharing fairly unstructured infor-
mation, knowledge from the literature and data samples from the very start of
a project and using that in order to define standard operating procedures and
data formats for data sharing, integration as well as gathering requirements for
the users of this information. The goal is that later in the project this starting
initiative evolves into structured databases and complex but easy to use systems
biology information management resource.

2 DMBI2012, Belgrade, June 2012.



Transcription start site prediction in bacteria

Marko Djordjevié¢

Faculty of Biology, University of Belgrade, Studentski trg 16,
11000 Belgrade, Serbia
dmarko@bio.bg.ac.rs

Abstract

Transcription start sites (TSS) in bacterial genomes are locations where RNA
polymerase binds and initiates transcription. Accurate knowledge of TSS is im-
portant not only for bioinformatic applications (e.g. gene and operon predic-
tions), but also as the first and the rate limiting step in understanding tran-
scription regulation. T'SS predictions is a classical bioinformatics problem, where
available methods show poor accuracy. We here approach this problem from a
biophysics perspective, in order to develop a more accurate method for T'SS pre-
diction. The main idea is to combine accurate alignments of promoter elements
([1]) with a biophysical model of transcription initiation that we recently devel-
oped (]2, 3]). In this talk T will discuss both theoretical modeling of transcription
initiation, and our recent advances in understanding promoter specificity. I will
also present how the modeling and the analyzed sequence specificity are com-
bined in a biophysics based algorithm for TSS detection.

References

1. Djordjevic M.: Redefining Escherichia coli (70) promoter elements: -15 motif as a comple-
ment of the -10 motif, J Bacteriol., 193:6305, 2012

2. Djordjevic M, Bundschuh R.: Formation of the open complex by bacterial RNA polymerase—
a quantitative model, Biophys J. 94:4233, 2008

3. Djordjevic M.: Efficient transcription initiation in bacteria: an interplay of protein-DNA inter-
action parameters, submitted to J. Theor. Biol., 2012



p-Adic Ultrametricity in the Genetic Code
and Bioinformatics

Branko Dragovié¢

Institute of Physics, University of Belgrade
Pregrevica 118, 11080 Zemun, Belgrade, Serbia
dragovich@ipb.ac.rs

Abstract. To adequately characterize ultrametric structure of the ge-
netic code, we have successfully applied p-adic distance to the space of
64 codons and 20 amino acids. We suggest to use p-adic distance to in-
vestigate similarity (nearness) between strings of DNA, RNA and amino
acids. We shall give a review of performed research and some prospects
to future investigations.

Keywords: genetic code, bioinformatics, data mining, p-adic distance,
ultrametricity.

1. Introduction

The genetic code (GC) is connection between 64 codons, which are building
blocks of the genes, and 20 amino acids, which are building blocks of the proteins.
In addition to coding amino acids, a few codons code stop signal, which is at the
end of genes and terminates process of protein synthesis. Codons are ordered
triples composed of C, A, U (T) and G nucleotides. Each codon presents an
information which controls use of one of the 20 standard amino acids or stop
signal in synthesis of proteins. It is obvious that there are 4 x 4 x 4 = 64 codons.
For molecular biology and the genetic code, one can see, e.g. [1].

From mathematical point of view, the GC is a mapping of a set of 64 ele-
ments onto a set of 21 elements. There is in principle a huge number of pos-
sible mappings, but the genetic code is one definite mapping with a few slight
modifications. Hence, for modelling of the GC, the main problem is to find the
corresponding structure of the space of 64 and 20 (or 21) elements. It will be
demonstrated here that the set of 64 codons, and 20 amino acids, has p-adic
structure, where p = 5 and 2. Detail exposition of p-adic approach to the genetic
code is presented in [2—4] (see also [5] for a similar consideration).

Taking into account p-adic distance between constituents of two strings, we
shall also introduce modified Hamming distance and consider its possible appli-
cation in investigation of similarity in bioinformation systems.

2. p-Adic Structure the Genetic Code

This approach is based on the following idea. Codons, which code the same
amino acid, should be close in the information sense. To quantify this closeness
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(nearness) we should use some distance. Ordinary distance is unappropriate.
From insight to the table of the genetic code (see, e.g. Table 1) one can conclude
that distribution of codons is like an ultrametric tree and it suggests use of p-adic
distance.

Let us first introduce the following subset of natural numbers:

C5[64]={n0+n15+n252 : ni:1,2,3,4}, @D)

where n; are digits different from zero. This is a finite expansion to the base
5, which is a prime number. The set C5[64] contains 64 natural numbers. It
is convenient to denote elements of C5[64] by their digits to the base 5 in the
following way: ng + n1 5 + 12 52 = ng nq ne. Here ordering of digits follows the
expansion and it is opposite to the usual one.

We are interested in 5-adic distances between elements of Cs [64]. It is now
worth recalling p-adic norm between integers, which is related to the divisibility
of integers by prime numbers. p-Adic distance between two integers can be un-
derstood as a measure of divisibility of their difference by p (the more divisible,
the shorter). By definition, p-adic norm of an integer m € Z, is |m/|, = p~*, where
k € N{J{0} is degree of divisibility of m by prime p (i.e. m = p*m/, p{m’) and
|0], = 0. This norm is a mapping from Z into non-negative rational numbers.
One can easily conclude that 0 < |m|, <1 for any m € Z and any prime p.

p-Adic distance between two integers x and y is

dp(w,y) = |z —ylp. 2)

Since p-adic norm is ultrametric, the p-adic distance (2) is also ultrametric, i.e.
it satisfies inequality

dp(z,y) < max {dp(x7z) ) dp(z,y)} <dp(z,2) +dp(2,y), (3)

where x, y and z are any three integers.
5-Adic distance between two numbers a, b € Cs [64] is

d5(a7 b):|a0+a15+a252—bo—b15—b252|5, (€))]

where a;, b; € {1,2,3,4}. When a # b then ds(a, b) may have three different
values:

- ds(a, b) = 1 if ag # bo,
- d5(a, b):1/5 ifa(]:b() and (117éb1,
- d5(a, b):1/52 if(l():b(), a1:b1 and a2¢b2.

We see that the largest 5-adic distance between numbers is 1 and it is maximum
p-adic distance on Z. The smallest 5-adic distance on the space Cs [64] is 572.
Note that 5-adic distance depends only on the first two digits of different numbers
a,b € Cs [64]

Ultrametric space C5[64] can be viewed as 16 quadruplets with respect to the
smallest 5-adic distance, i.e. quadruplets contain 4 elements and 5-adic distance

DMBI2012, Belgrade, June 2012. 5



Branko Dragovié

between any two elements within quadruplet is % In other words, within each

quadruplet, elements have the first two digits equal and third digits are different.

With respect to 2-adic distance, the above quadruplets may be viewed as

composed of two doublets: a = aga; 1 and b = apa; 3 make the first doublet,

and ¢ = apa1 2 and d = aga; 4 form the second one. 2-Adic distance between
1

codons within each of these doublets is 3, i.e.

1 1
da(a, b) =|(3 —1)5%y = 3 do(c, d) = |(4 — 2) 5%y = 3 (5)

By this way ultrametric space C5[64] of 64 elements is arranged into 32 doublets.

Identifying nucleotides with digits in C5[64] in the following way: C (cyto-
sine) = 1, A (adenine) = 2, T (thymine) = U (uracil) = 3, G (guanine) = 4,
we find one-to-one correspondence between codons in three-letter notation and
three-digit ng nq no number representation. Looking at Table 1 for the vertebrate
mitochondrial genetic code one can easily see that 5-adic with 2-adic distances
generate 32 doublets which are attached to 20 amino acids and one stop signal,
i.e. now 32 elements are mapped onto 21 elements. Note that nearness inside
purines and pyrimidines, as well as between them, is described by 2-adic distance.
Namely, 2-adic distance between pyrimidines C and U is da(1,3) = [3—1| = 1/2
and the distance between purines A and G is dz2(2,4) = |4 — 2|, = 1/2. However
2-adic distance between C and A or G as well as distance between U and A or
G is 1 (i.e. maximum).

Table 1. The p-adic vertebrate mitochondrial genetic code.

111 CCC Pro | 211 ACC Thr | 311 UCC Ser | 411 GCC Ala
112 CCA Pro | 212 ACA Thr | 312 UCA Ser | 412 GCA Ala
113 CCU Pro | 213 ACU Thr | 313 UCU Ser | 413 GCU Ala
114 CCG Pro | 214 ACG Thr | 314 UCG Ser | 414 GCG Ala

121 CAC His | 221 AAC Asn | 321 UAC Tyr | 421 GAC Asp
122 CAA GIn | 222 AAA Lys | 322 UAA Ter | 422 GAA Glu
123 CAU His | 223 AAU Asn | 323 UAU Tyr | 423 GAU Asp
124 CAG GIn | 224 AAG Lys | 324 UAG Ter | 424 GAG Glu

131 CUC Leu | 231 AUC Ile 331 UUC Phe | 431 GUC Val
132 CUA Leu | 232 AUA Met | 332 UUA Leu | 432 GUA Val
133 CUU Leu | 233 AUU Ile | 333 UUU Phe | 433 GUU Val
134 CUG Leu | 234 AUG Met | 334 UUG Leu | 434 GUG Val

141 CGC Arg | 241 AGC Ser | 341 UGC Cys | 441 GGC Gly
142 CGA Arg | 242 AGA Ter | 342 UGA Trp | 442 GGA Gly
143 CGU Arg | 243 AGU Ser | 343 UGU Cys | 443 GGU Gly
144 CGG Arg | 244 AGG Ter | 344 UGG Trp | 444 GGG Gly

6 DMBI2012, Belgrade, June 2012.
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By the above application of 5-adic and 2-adic distances to Cy[64] codon
space we have obtained internal structure of the codon space in the form of
doublets. Just this p-adic structure of codon space with doublets corresponds to
the vertebrate mitochondrial genetic code. The other (about 20) known versions
of the genetic code in living systems can be viewed as slight modifications of this
mitochondrial code, presented at Table 1.

Table 2. 20 standard amino acids with assigned 5-adic numbers.

11 Proline 21 Threonine | 31 Serine 41 Alanine

12 Histidine | 22 Asparagine | 32 Tyrosine 42 Aspartate

13 Leucine 23 Isoleucine | 33 Phenynalanine | 43 Valine

14 Arginine | 24 Lysine 34 Cysteine 44 Glycine

1 Glutamine | 2 Methionine | 3 Tryptophan 4 Glutamate

At Table 2 we assigned numbers xgx1 = xg + 1 5 to 16 amino acids which
are assumed to be present in dinucleotide coding epoch, and xo = 1,2,3,4 is
attached to four late amino acids which were added during trinucleotide coding.
Having these 5-adic numbers for amino acids one can consider distance between
them, as well as distances between codons and amino acids: there are 23 codon
doublets which are at % 5-adic distance with the corresponding 15 amino acids
(i.e. 16 a.a. without Lysine), i.e. codons within these doublets and related amino
acids are at the same 5-adic distance. The other 5 a.a. are at % distance with
respect to their codon doublets.

3. p-Adically Modified Hamming Distance

Let a = ajas ---a, and b = by by --- b, be two strings of equal length. Ham-
ming distance between these two strings is dg(a,b) = Y1, d(a;, b;), where
d(a;,b;) = 0if a; = b;, and d(a;,b;) = 1 if a; # b;. We introduce p-adically
modified Hamming distance in the following way: d,m(a,b) = Y i dp(a;, b;),
where dp(a;, b;) = |a; — b;|, is p-adic distance between numbers a; and b;. When
a;, b; € Nthen dy,(a;,b;) < 1.If also a;—b; # 0is divisible by p then d,(a;, b;) < 1.
In the case of strings as parts of DNA, RNA and proteins, this modified distance
is finer and should be more appropriate than Hamming distance itself. For exam-
ple, elements a; and b; can be nucleotides, codons and amino acids with above

assigned natural numbers, and primes p = 2 and p = 5.

DMBI2012, Belgrade, June 2012. 7
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Occurrence of disordered patterns and homorepeats in
eukaryotic and bacterial proteomes

Oxana V. Galzitskaya and Michail Yu. Lobanov

Institute of protein research, Russian academy of sciences, 142290, Pushchino,
Moscow Region, Russia
ogalzit@vega.protres.ru

Abstract

We have constructed the clustered Protein Data Bank and obtained clusters
of chains of different identity inside each cluster. We have compiled the largest
database of disordered patterns (141) from the clustered PDB where identity be-
tween chains inside of a cluster is larger or equal to 75simple rules of selection.
The results of these analyses would help to further our understanding of the
physicochemical and structural determinants of intrinsically disordered regions
that serve as molecular recognition elements. We have analyzed the occurrence
of the selected patterns in 97 eukaryotic and in 26 bacterial proteomes. The dis-
ordered patterns appear more often in eukaryotic than in bacterial proteomes.
The matrix of correlation coefficients between numbers of proteins where a dis-
ordered pattern from the library of 141 disordered patterns appears at least once
in 9 kingdoms of eukaryota and 5 phyla of bacteria have been calculated. As a
rule, the correlation coefficients are higher inside of the considered kingdom than
between them. The patterns with the frequent occurrence in proteomes have low
complexity (PPPPP, GGGGG, EEEED, HHHH, KKKKK, SSTSS, QQQQQP),
and the type of patterns vary across different proteomes. The largest fraction
of homorepeats of 6 residues belongs to Amoebozoa proteomes (D. discoideum),
46from D. discoideum (Amoebozoa). Homorepeats of some amino acids occur
more frequently than others and the type of homorepeats vary across different
proteomes. For example, E6 appears most frequent for all considered proteomes
for Chordata, Q6 for Arthropoda, S6 for Nematoda. The averaged occurrence
of multiple long runs of 6 amino acids in a decreasing order for 97 eukaryotic
proteomes is as follows: Q6, S6, A6, G6, N6, E6, P6, T6, D6, K6, L6, H6, R6, F6,
V6, 16, Y6, C6, M6, W6, and for 26 bacterial proteomes it is A6, G6, P6, and the
others occur seldom. This suggests that such short similar motifs are responsi-
ble for common functions for nonhomologous, unrelated proteins from different
organisms. A new method (IsUnstruct) based on the Ising model for prediction
of disordered residues from protein sequence alone has been developed. The gen-
eral idea is new and has the distinct advantage over various machine learning
methods. For this method we have used the potentials derived from the clus-
tered Protein Data Bank where there are clusters of chains of different identity
inside each cluster. For the first time we have added in our method the library of
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disordered patterns (141) constructed from the clustered PDB. The IsUnstruct
has been compared with other available methods and found to perform well.
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Abstract. Frequently asked question in immunology is whether the im-
munodominance of T-cell epitopes is dependent to their localization in
the antigen 3D structure or epitope-intrinsic. Using epitope prediction
algorithms we have found that both HLA-I and HLA-II epitope frequen-
cies were higher in ordered protein regions, for all analysed taxonomic
categories (archaea, bacteria, eukarya, and viridae) and that epitopes
appertaining to ordered protein regions were prevalently hydrophobic.
Epitope frequency in disordered protein regions of various lengths was
constant while in ordered regions had shown a rising trend with prolong-
ing region length. The comparison between predicted and experimentally
evaluated epitopes of several tumor associated antigens of cancer/testis
antigen group, revealed that majority of epitopes presented by HLA-I
and HLA-IT molecules were localized in ordered protein regions.

Keywords: T-cell epitopes, disordered/ordered proten regions

1. Introduction

Intrinsically disordered (unstructured) proteins (IDP) ([1]) lack a stable 3D con-
formation under in vitro physiological conditions. Many of them are involved
in cell-regulatory functions and cancer ([1]) and are interesting candidates for
cancer-vaccine trials. In the last decade, several authors asked whether disor-
der or order appertaining of the peptide T-cell epitopes ([2]) played the role in
immunogenicity. We have compared epitope frequency, binding affinity, average
hydrophobicity and location of promiscuous epitopes within predicted ordered
and disordered protein regions. The data on predicted and experimentally found
epitope location and immunodominance, reported for several tumor-associated
antigens, mainly from cancer/testis antigen group (CTA), were correlated.
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2. Methods

A database contained 642 proteins from various sources. Most proteins (477)
were downloaded from DisProt database (release 4.9, 2009., [3]). For epitope pre-
diction NetMHCpan-2.0 ([4]) and NetMHCIIpan-1.0 ([5]) methods which cover
all known HLA-T A, B, C and E allels and HLA-II DRB allels, were used. If there
were multiple allels with identical pseudo-sequences, only the first one (alpha-
beticaly ordered related to allele names) was chosen. For predicting disordered
regions VSL2 predictor, variant VSL2B ([6]) was used. On selected number of
CTA we have used additional predictors for disorder regions: PONDR VL-XT
([7]) and PONDR-FIT ([3]). The Kyte-Doolittle hydrophobicity scale ([8]) was
applied for prediction of hydrophobicity profile. We have developed an applica-
tion EPDIS (EPItope in DISorder) which integrates all mentioned methods and
offers graphical interface (Fig. 1.).

Disorder prediction
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Fig. 1. Human MAGE-A3 protein (UniProt Acc No: P43357.1). Upper left: disorder/order
prediction, obtained using VSL-2B, PONDR-VL-XT and PONDR-FIT predictors. Lower left:
HLA-II nonamer epitope prediction, using NetMHCpan method for HLA-DRB1 1101 al-
lele. Epitopes, designated with red squares, were experimentally found to induce CD4+
cells in in vitro human studies. Lower right: average hydrophobicity index of nonamer
peptides, using Kyte-Doolittle method

3. Results

The number of epitopes (Table 1) in ordered (O) protein regions was 2.84 times
higher than in disordered (D) regions for HLA-I allels and 3.60 times higher
for HLA-IT allels. The same trend (2.64/HLA-I and 3.34/HLA-II) remains after

12 DMBI2012, Belgrade, June 2012.
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Table 1. Number of week (WB) and strong (SB)-binding epitopes/100 AA and epi-
tope_in_region hidrophobicity (HER*) in disorder (D), ordered (O) and disorder/order-
boundary regions (N) for HLA-I and HLA-II class allels.

[ HLA [ Region type [ HLA binding level | Epitopes/100 AA [ HER |

HLAl1 | D SB 88.38 Hydrophlic
WB 398.19 Hydrophilic
N SB 91.05 Hydrophilic
WB 406.17 Hydrophilic
(0] SB 266.1 Hydrophobic
WB 1017.83 Hydrophobic
HLA2 | D SB 11.68 Hydrophobic
WB 201.81 Hydrophilic
N SB 15.11 Hydrophobic
WB 241.02 Hydrophobic
(0] SB 44.04 Hydrophobic
WB 668.77 Hydrophobic

*If the number of hydrophobic epitopes in region is over 50% the HER is
hydrophobic and vice-versa

normalization of epitope number on 100AA length. The same conclusion, holds
when proteins were grouped according to main taxonomic categories (archaea,
bacteria, eukarya, and viridae) (data not shown). The frequency of epitopes (Fig.
2) residing in disordered regions of various lenghts was almost constant (in both
bacteria and eukarya), while in ordered regions had shown a rising trend with
prolonging region lenght. The epitope frequency growth rate was, however, much
slower for O-epitopes in eukarya than in bacteria. From Table 1 it is evident that
epitopes, belonging to ordered protein regions are always hydrophobic (for both
HLA-T and HLA-IT allels). The results are in accordance with HLA-I supertype
binding motifs ([9]) and hydrophobic N-terminal positions of the HLA-II class
binding peptides ([10]). We have chosen 19 immunogenic cancer-testis antigens,
mostly from MAGE-A, NY-ESO and SSX families, that have been intensively
studied for cellular immune response and compared epitopes, predicted to be
presented by HLA-I and HLA-II antigens and experimentally found ones ([11]),
and their localization in ordered and disordered protein regions. Majority of pre-
dicted and experimentally-found immunodominant epitopes presented by HLA-I
and HLA-II molecules are localized in ordered protein regions, as shown for al-
lele HLA-DRB1.101 for cancer-testis antigen MAGE-A3, Fig. 1 ([12]). In long
disordered protein sequences epitopes are frequently flanking the ordered parts
of protein or potential disorder-to-order transition elements.

4. Conclusion
Using disorder and epitope prediction algorithms we have found that both HLA-

I and HLA-II epitope frequencies were higher in ordered protein regions which
may be helpful in mapping potential cancer-vaccine candidate peptides.

DMBI2012, Belgrade, June 2012. 13
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Abstract. This paper presents a review of research on protein disorder
performed by the Bioinformatics Research Group of the Faculty of Math-
ematics, University of Belgrade. The research has been carried out in two
main directions. The first one included a large dataset of around 800 000
prokaryotic proteins where disordered regions were determined by predic-
tion. Disorder content was analyzed with respect to functional categories
of proteins, i.e. Clusters of Orthologous Groups of proteins and groups of
COGs as well as different genomic, metabolic and ecological characteris-
tics of the organisms that proteins belong to. Second direction involved
a small dataset of around 500 prokaryotic, eukaryotic and viral proteins
of the DisProt database [http://www.disprot.org] with experimentally
determined disordered regions. We investigated the relationship between
the disordered content and its position in protein, disordered residues’
hydropathy and mass. The sequel of this analysis was searching for corre-
lation and association between disorder fraction of amino acids and their
physico-chemical and biochemical characteristics, represented by amino
acid indices.

Keywords: disordered proteins / regions, Clusters of Orthologous Groups
of proteins, prokaryotes, ecocharacteristics, correlation, association rules,
DisProt database, AA indices

1. Introduction

As a result of a growing number of experimental data on protein structure deter-
mination, it became evident that a significant number of proteins, under physio-
logical conditions, do not possess a well defined 3D structure. Currently, they are
known by different names, with the most frequently used term being ”intrinsi-
cally disordered proteins (IDP)” and are recently reviewed in detail in [1]. It has
been proven that a protein’s disorder content is related to its function and that it
is often connected to different maladies. This paper presents a survey of work of
Bioinformatics Research Group in the field of protein disorder. It includes reviews
of two papers, ”Bioinformatics analysis of disordered proteins in prokaryotes” [2]
and ” Computational analysis of position-dependant disorder content in DisProt
database” [3], and a summary of one master thesis, ” Descriptive models of data
mining - applications in bioinformatics” [4].As a result of a growing number of
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experimental data on protein structure determination, it became evident that a
significant number of proteins, under physiological conditions, do not possess a
well defined 3D structure. Currently, they are known by different names, with
the most frequently used term being ”intrinsically disordered proteins (IDP)”
and are recently reviewed in detail in [1]. It has been proven that a protein’s
disorder content is related to its function and that it is often connected to differ-
ent maladies. This paper presents a survey of work of Bioinformatics Research
Group in the field of protein disorder. It includes reviews of two papers, ” Bioin-
formatics analysis of disordered proteins in prokaryotes” [2] and ” Computational
analysis of position-dependant disorder content in DisProt database” [3], and a
summary of one master thesis, ” Descriptive models of data mining - applications
in bioinformatics” [4].

2. Aresearch survey of the Bioinformatics Research Group in
the field of protein disorder

2.1. Bioinformatics analysis of disordered proteins in prokaryotes

The material for this analysis included proteins from 296 prokaryotic (bacterial
and archaeal) completely sequenced genomes. Disordered regions were deter-
mined by VSL2B predictor [5]. A thorough analysis of the disorder content of
these proteins was carried out with respect to functional categories they belong
to, i.e., Clusters of Orthologous Groups of proteins (COGs) and groups of COGs
- Cellular processes (Cp), Information storage and processing (Isp), Metabolism
(Me) and Poorly characterized (Pc). Disorder content of proteins was also exam-
ined from the angle of organisms that proteins belong to, explicitly with respect
to various genomic, metabolic and ecological characteristics of the organisms. We
used correlations and association rule mining in order to identify the most con-
fident associations between specific modalities of the characteristics considered
and disorder content.

The results showed that bacterial proteins from all functional groups except
Me have a somewhat higher level of protein disorder than archaeal. Isp and Cp
functional groups in particular (specifically COGs L - repair function and N - cell
motility and secretion) possess the highest disorder content, while Me proteins,
in general, possess the lowest. Fraction of disorder AAs was confirmed to be
the lowest for the so-called order-promoting amino acids and the highest for the
so-called disorder promoters.

We also investigated which pairs of organism characteristics (e.g., high genome
size - high GC content organisms, facultative anaerobic - low GC content organ-
isms, aerobic - high genome size organisms, etc) imply maximum disorder. The
results show that archaeal organisms with maximum disorder have the following
pairs of characteristics: high GC content - low genome size organisms, high GC
content - facultative anaerobic or aquatic or mesophilic organisms, etc. whereas
for bacterial organisms these pairs include high GC content - high genome size
organisms, high genome size - aerobic organisms, etc.

16 DMBI2012, Belgrade, June 2012.
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Minig association rules, we tried to distinguish which organism characteris-
tics are correlated with certain amount of protein disorder (high, medium, low).
Most reliable association rules determined relationships between high GC con-
tent and high protein disorder, medium GC content and both medium and low
protein disorder, anaerobic organisms and medium protein disorder, Gammapro-
teobacteria and low protein disorder, etc.

Results obtained are well correlated to those previously published, with some
extension in the range of disorder level and clear distinction between functional
classes of proteins. All the results are published on a web site Prokaryote Disorder
Database [http://bioinfo.matf.bg.ac.rs/disorder].

2.2. Computational analysis of position-dependant disorder content in
DisProt database

Disordered content from proteins of the DisProt database [6] has been analyzed
in respect to the position of AA residues in protein chain. Each protein chain
was divided on three parts: N- and C- terminals, both 30 AA long, and the
remaining middle part. Fraction of disordered AA residues has been calculated
in terminal and middle parts of protein, by protein lengths, by each AA as well
as by physico-chemical characteristics.

The motivation for this research was the fact that for a large set of proteins,
terminal parts of protein chain are more disordered than its middle part [7]. We
tried to check that fact on the proteins of the DisProt database. Fraction of
AAs in terminal parts of DisProt proteins is 11.23terminal parts is 17.3N1-10,
N11-20, N21-30 and analogously for C-terminal. Fraction of disordered AAs in
all tens in terminal parts is similar - around 30whereas in the middle part is
around 20fraction of disordered AAs between N21-30 and M part, as well as
C21-30 and M part, suggested that the distribution of disordered AA residues in
the middle part of protein chains is not uniform. This hypothesis was examined
by calculating the fraction of disordered AAs in the middle part divided into
subparts 10% long. It was shown that the difference between N21-30 and M,
and similarly M and C21-30 is 78middle part is not more than 4%. The result
is displayed on Fig. 1.

Calculating the fraction of disorder for all 20 AAs showed that all AAs have
higher disorder fraction in terminal parts than in the middle part. We noted
a relationship between fractional differences of each AA and its hydropathy.
Regarding Kyte-Doolitle scale of hydropathy [8], maximum value of disorder
fraction was identified for hydrophobic AAs in all parts.

DisProt proteins contain regions that are marked neither as ordered nor as
disordered. We calculated fractional differences between set of disordered regions
and set of such, undefined regions and observed that the order of AAs by their
fractional difference is almost the same as the order of AAs by their fraction
of disorder in the middle part of protein chain (with exception of Y). Compar-
ing this scale with another scale of AA disorder, TOP-IDP scale presented in
Campen et al. [9], it is notable that for most AAs the difference between positions
of an AA in the two scales is < 3 (except C, H, R, V).

DMBI2012, Belgrade, June 2012. 17
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Fig. 1. Fraction of disordered AA residues (y-axis) by protein parts (x-axis).

It was expected that big hydrophobic AAs would be more ordered and small
hydrophilic ones more disordered, which implies that big hydrophobic / small
hydrophilic AAs would have negative / positive fractional difference between
disordered and ordered sets of regions, respectively. In this analysis, we investi-
gated if the same pattern occurs for fractional difference between disordered and
undefined sets of regions in DisProt database. Each AA was considered to be
small if its mass is less than 114.6 Daltons, which is a median mass for all AAs.
Out of 7 hydrophobic AAs, 6 are big and their fractional difference is negative,
as expected. From all hydrophilic AAs, only 9 of them is small, and 6 of them
have positive fractional difference, as expected.

2.3. Relationship between amino acid disorder fraction and amino acid
indices

As an extension to the previous research, in the master thesis ” Descriptive mod-
els of data mining - applications to bioinformatics” [4], potential causes for
the lack of protein structure is considered through association analysis between
amino acids disorder fraction (disorder coefficient) and their indices represent-
ing physico-chemical and biochemical characteristics. Indices are taken from the
amino acid index database [http://www.genome.jp/aaindex, [10], and the dis-
order fraction is calculated over proteins in the DisProt database. The analysis
resulted in a large set of association rules revealing strong connections between
disorder coefficients and hydrophobicity and specific energies indices, as well as
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amino-acid frequencies in -sheets. These results may contribute to further un-
derstanding of disorder regions and improvement of disorder content predictors.

The relationship between disorder fraction and physico-chemical and bio-
chemical characteristics of amino acids has been a subject of further investiga-
tion by more sophisticated methods.

Acknowledgements The work presented has been supported by the Ministry of Educa-
tion and Science, Republic of Serbia, Project No. 174021.
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Abstract

Many believe that genome-based medicine, frequently called personalized medicine,
is the future of healthcare. It is based on new technologies, like microarrays,
which produce data of high complexity. There is increased effort in bioinformat-
ics and statistics to overcome this problem of high dimensionality. The purpose
of our talk is two fold. First, we present our work on predicting survival based on
Dutch Breast Cancer Dataset (gene expression measurements from 295 women
with breast cancer). Second, we would like to point out practical challenges that
still exist in this field.

Keywords: : survival analysis, personalized medicine, survivalSVM
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Abstract. Bioinformatics Research Group (BRG) was founded in 2002
from the academic and research staff of the University of Belgrade - Fac-
ulty of Mathematics and Institute for General and Physical Chemistry.
After ten years of the group existence, the organization of the Data Min-
ing in Bioinformatics - DMBI.2012 is a milestone. The primary goal is
to establish wider and stronger connections with researchers in the field
and to further improve existing collaborations. Here we present the most
significant results of the group.

Keywords: bioinformatics, computer science

1. Introduction

Bioinformatics Research Group (BRG) was founded in 2002 from the academic
and research staff of the Faculty of Mathematics - University of Belgrade and
Institute for General and Physical Chemistry. The initial resources included good
will and readiness to work hard.

In the beginning the main goals were to get introduced to some of the sig-
nificant areas of bioinformatics research and to recognize the topics which could
be researched by the group.

Today the group operates in smaller teams, created according to actual re-
search topics and cover different problems and areas. The group members usually
work in multiple teams and on multiple subjects.

The organization of the Data Mining in Bioinformatics - DMBI.2012 is a
milestone in the group existence. The primary goal is to establish wider and
stronger connections with researchers in the field and to further improve existing
collaborations.

2. Bioinformatics Research Group

The BRG works as a part of a larger computer science research group at the
Faculty of Mathematics, on fundamental research projects financed by the Min-
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istry of Education and Science of Republic of Serbia: No.1858 (2003-2006),
No.144030 (2007-2010) and 174021 (2011-2014). Project leader was prof. dr Mio-
drag Zivkovié, and now is prof. dr Predrag Janici¢.

The core of BRG consists of professors and assistants of the Faculty of Mathe-
matics and researchers of the Institute for General and Physical Chemistry: prof.
dr Gordana Pavlovi¢-Lazeti¢, sci.adv. dr Milo§ Beljanski, sci assoc. dr Mirjana
Pavlovié, prof. dr Miodrag Zivkovié, prof. dr Nenad Miti¢, prof. dr Sasa Malkov
and Jovana Kovacevic.

Many researchers from different institutions and graduate students partici-
pated in the group’s research activities, including: prof. dr Novica Blazié, prof.
dr Snezana Zari¢, prof. dr Zoran Obradovié¢, dr Ana Simonovié, dr Jelena Be-
govié, dr Natasa Goli¢, dr Branko Jov¢i¢, mr Milena Vujosevi¢-Janicié¢, mr Je-
lena Graovac, mr Jelena Hadzi-Purié¢, mr Sana Stojanovié¢, dr Andrija Tomovié,
Goran Predovié¢, mr Ana Manola, mr Milan Jovanovi¢, mr Ivana Bozi¢, mr Da-
vorka Jandrli¢, mr Gorana Dacié, mr Slobodanka Marjanovié¢, mr Milena Sosié,
Nevena Petrovi¢, Mirjana Maljkovié¢, Aleksandar Zelji¢, Milan Todorovié, Ulfeta
Marovac, Aleksandar Stefanovié, Darko Zivanovié, Mirjana Vukovié¢, Marko Sto-
jicevi¢, Ana Jelovi¢, Milica Knezevié¢, mr Vesna Paji¢, Predrag Stefanovi¢, Ana
Mijalkovié¢, and many others.

3. Results

The main results that the Bioinformatics group has achieved refer to the follow-
ing tasks:

Bioinformatics analysis of viral genomes

Bioinformatics analysis of protein secondary structure
Bioinformatics analysis of bacterial genomes
Bioinformatics analysis of protein disorder in prokaryotes
Reconstruction of genome sequences

Data mining in bioinformatics

— Text mining in bioinformatics

3.1. Bioinformatics analysis of viral genomes

We performed a comparative analysis of SARS CoV isolates (Severe Acute Res-
piratory Syndrome), potentially fatal atypical pneumonia. It first appeared in
Guangdong province of China in November 2002 and probably originated due
to genetic exchange between viruses with different host specificity (mammals,
aves). We investigated a dataset of 103 SARS-CoV isolates (101 human patients
and 2 Palm Civet isolates).

Our research goal was twofold:

— to establish genome polymorphism (differences in isolate structure) through
SNPs, insertions and deletions analysis;
— to Establish variant evolution, through:
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e analysis and comparison of genome sequences

e grouping the isolates according to different aspects of sequence similarity,
eventually pointing to phylogeny and epidemiological dynamics of SARS
CoV.

The results obtained include a new algorithm for sequence similarity, isolate clas-
sification according to genome polymorphism and genome haplotypes, mutation
analysis through distribution of nucleotides over different distances from SNP
sites, type of mutation (transition / transversion, synonymous/non-synonymous)
as well as spike (S) protein annotation and analysis [1, 2].

Classification schemes based on genome polymorphism (the level and type of
deviation from the ”average” isolates) and on genome haplotypes (4 previously
known + 5 new loci) are in accordance with possible epidemiological spread,
both in space and time, and they fit well into the phylogenetic tree of isolates.

3.2. Bioinformatics analysis of protein secondary structure

Understanding relation of primary and secondary structure of proteins is of great
importance. Conformational preferences of amino acids, usually called propen-
sities, are used to predict secondary and tertiary structures of proteins. Individ-
ual amino acids show intrinsic propensities towards certain secondary structure
types. Moreover, any amino acid in the protein could have the influence on sec-
ondary structure type at certain position.

We analyzed the correlations of primary and secondary structures of proteins
at the same position in the sequence using data from the Protein Data Bank
(PDB) [3].

Our results show clearly how the chemical structure of amino acids plays
a major role in determining their preferences for specific secondary structures
and enabled us to determine rules for predicting the preference of an amino
acid towards a particular secondary structure type based only on the chemical
structure of its substituents at the Cg or C, atoms [4].

Based on clear preferences of amino acids towards certain secondary struc-
tures, we classified amino acids into four groups: ,-helix preferrers, strand pre-
ferrers, turn and bend preferrers, and others (the group containing His and Clys,
the amino acids showing no clear preference for any secondary structure). Our
results show that amino acids in a same group have similar structural char-
acteristics at their Cg and C, atoms. All ,-helix preferrers have neither polar
heteroatoms on Cg and C, atoms, nor branching nor aromatic group on the Cg
atom. All strand preferrers have aromatic groups or branching on the Cg atom.
All turn and bend preferrers have polar heteroatom on Cg or C, atoms or do
not have a Cg atom at all.

Later we considered correlations of amino acids and particular secondary
structures at different relative positions in the sequences. That enabled us to
estimate how far the dependence of secondary structure on amino acid is dis-
tributed along the chain. We reported on the results of the research in [5].
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3.3. Bioinformatics analysis of bacterial genomes

Genomic Islands (GI) are specific regions in many bacterial genomes, that orig-
inated by horizontal gene transfer (HGT) between bacteria. GIs may contribute
to bacterial adaptability, evolution and pathogenesis. Thus GIs may have differ-
ent functions such as:

— provide for additional metabolic activities
— enable symbiosis with other organisms
— antibiotic resistance and secretion, etc.

Pathogenicity islands (PAI) are a subset of GIs that contain a variety of virulence
factors, providing for specific host recognition, penetration and colonization of
the host organism, and the ability to overcome host defense systems. They are
characterized by different compositional features, e.g., GC content, as well as
different functional features.

Our research goal was to characterize GIs more precisely and to understand
them better in order to be able to predict GIs. We applied a linguistic method -
exhaustive n-gram analysis of annotated Gls, in addition to other compositional
features. The method was trained on the E. coli O157:H7 EDL933 genome, and
then used to predict GIs in 14 Enterobacteriaceae family members and in 21
randomly selected bacterial genomes. The results obtained ([6, 7]) included the
following:

— Binary sequence classification into GI candidates and others

— Model-based GI prediction

— Model checking against two databases: HGT DB (GIs determined based
on compositional features) and PAI DB (PAIs determined based on both
compositional and functional features)

— Improvement of prediction precision compared to other compositional meth-
ods

3.4. Bioinformatics analysis of protein disorder in prokaryotes

A significant number of proteins have been shown to be intrinsically disordered,
meaning that they lack a fixed 3D structure or contain regions that do not
posses a well defined 3D structure. It has also been proven that a protein’s
disorder content is related to its function. We have performed an exhaustive
analysis and comparison of the disorder content of proteins from prokaryotic
organisms with respect to functional categories they belong to, i.e., Clusters of
Orthologous Groups of proteins (COGs) and groups of COGs-Cellular processes
(Cp), Information storage and processing (Isp), Metabolism (Me) and Poorly
characterized (Pc).

We also analyzed the disorder content of proteins with respect to various
genomic, metabolic and ecological characteristics of the organism they belong
to. We used correlations and association rule mining in order to identify the
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most confident associations between specific modalities of the characteristics
considered and disorder content.

Materials used include all the proteins from organisms in the superkingdoms
Archaea and Bacteria that contained annotated COGs of proteins (as of Novem-
ber 20th 2009).

Bacteria are shown to have a somewhat higher level of protein disorder than
archaea, except for proteins in the Me functional group. It is demonstrated that
the Isp and Cp functional groups in particular (L-repair function and N-cell
motility and secretion COGs of proteins in specific) possess the highest disorder
content, while Me proteins, in general, posses the lowest. Disorder fractions have
been confirmed to have the lowest level for the so-called order-promoting amino
acids and the highest level for the so-called disorder promoters ([8]).

Some of the most reliable association rules mined establish relationships be-
tween high GC content and high protein disorder, anaerobic organisms and
medium protein disorder, etc. A web site Prokaryote Disorder Database has
been designed and implemented ([9]), which contains complete results of the
analysis of protein disorder performed for 296 prokaryotic completely sequenced
genomes.

Another part of protein disorder research refers to the DisProt database
([10]). It has been performed with respect to position of disordered residues.
Three parts of each protein chain were considered: N- and C- terminals, and
the remaining middle part. The results show that, in terminal parts, the overall
fraction of amino acid (AA) residues is lower than the fraction of disordered AA
residues. Disorder fraction has been analyzed for each of 20 AA in the three
parts of proteins with respect to their hydropathy and mass ad a new scale of
AAs has been introduced according to their disorder content in the middle part
of proteins.

3.5. Reconstruction of genome sequences

Contemporary genome sequencing methods are most often based on shotgun
sequencing. Sequences are read in small parts, which are afterwards assembled
in longer sequences - contigs. Two significant different tasks are the sequencing of
complete genomes and the sequencing of RNA transcriptomes. Genome assembly
should result in a small number of long contigs, while transcriptomic assembly
provides a larger number of smaller sequences. An assembly may use a reference
genome, if there is any. Such assembly is called mapping assembly. Another kind
of assembly is De-novo assembly, if assembly cannot use a reference genome.

In collaboration with dr Ana Simonovié¢, from Institute for Biological Re-
search ”Sinisa Stankovi¢”, we worked on De-novo assembly of Centaurium ery-
thraea Transcriptome. We begun the development of new sequence assembler
Sequnomia, using algorithms based on de Bruijn graphs. The development is in
a testing phase.

In collaboration with the group (dr Jelena Begovié¢, dr Natasa Goli¢, dr
Branko Jov¢i¢) from Institute of Molecular Genetics and Genetic Engineering we
worked on project of assembling genom Lactobacillus paracasei subsp. paracasei
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BGSJ2-8 from contigs. We developed new method for assembling genom from
contigs which combine BLAST similarities, GC analysis and Data Mining. With
this method we assembled almost 99.74% of genome material.

4. Data mining in bioinformatics

The data mining is present in almost all research activities of the group. Wher-
ever the circumstances allowed, we tried to include the students in application
of data mining in the approached problems. The students’ activities often had
a form of final thesis of their master or magisterium studies, or some practical
work on the appropriate subjects on their studies (Bioinformatics, Data Mining).
Many different areas were approached. The most significant results in proteomics
include:

— Determining the distances between amino-acids in proteins, Nevena Petrovié,
master thesis;

— Application of data mining techniques in order to determine the correlations
of antigene regions with disordered segments of the proteins, mr Davorka
Jandrli¢, magister thesis;

— Determination of repeat structures in aminoacids (and nucleotide) sequences,
Ana Jelovié, phd student.

There are even more results in genomic:

— Genoms clustering based on repeats and palindromes, mr Gorana Daci¢,
magister thesis;

— Claster analysis of bacterial genomic islands, mr Slobodanka Marjanovié,
magister thesis;

— Application of classification to genom n-gram analysis and determination of
genomic islands, mr Milena Sosi¢, magister thesis;

— Genome assembling based on a set of contigs, Darko Zivanovié, master thesis;
— Determination of riboswitch sequences positions in genome of Lactobacillus
paracasei subsp. paracasei BGSJ2-8, Aleksandar Stefanovié¢, master thesis;

— A new method for determination of elements of gene expression control in

bacteria, Marko Stojicevi¢, master thesis.

4.1. Text mining in bioinformatics

The main goal of this research was to extend and complement public databases
with data contained in unstructured or semi-structured textual form, such as
encyclopedia. A two phase method based on finite state transducers (FST) for
information extraction from text was developed and applied ([11-13]). As a tex-
tual source we experimented with encyclopedia of microorganisms ”Systematic
Bacteriology”, and as target data we considered genotype / phenotype organism
characteristics referred to in the Encyclopedia (genome size, pH and tempera-
ture, habitat, oxygen requirement etc).
The results obtained include:

26 DMBI2012, Belgrade, June 2012.



Bioinformatics Research Group at the Faculty of Mathematics

— evaluation of the novel method for extracting encyclopedic information from
written sources

— collection of transducers for extracting biological data, applicable to other
sources in order to extract new data

— creation of a structured, flexible data resource, which contains phenotype
and (some) genotype data for 2412 microbial species

— the resulting database can be used as a reliable complementary resource for
genotype-phenotype association research.

5. Conclusion

The first decade of Bioinformatics Research Group was not easy. The begin-
ning steps were rather slow, because we had to learn many things that were
completely new to us. But now, after these initial steps, everything looks more
promising. Remaining committed to our work, we are confident that we will be
much more productive in years to come.

Acknowledgements The work presented has been supported by the Ministry of Educa-
tion and Science, Republic of Serbia, Project No. 174021.
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Abstract

The main archive of life sciences literature (Medline) contains over 18 million
references and approximately 2,000 are added to it every day. While the in-
formation available in these articles represents a vast source of knowledge, its
sheer size also presents challenges to researchers in terms of discovering relevant
information. Efforts in biomedical text mining seek to mitigate this problem
through systematic extraction of structured data from the full-text literature
[8,10]. Several efforts focus on biomolecular events [?,3,7,10], which are criti-
cal for understanding a diversity of biological processes and functions. We have
developed BioContext [4], an integrated text mining system for large-scale ex-
traction and contextualisation of biomolecular events. Events are represented
by type (e.g. gene expression, transcription, phosphorylation, binding, regula-
tion) and participants (proteins or events), along with contextual information
such as species, anatomical location and whether extracted processes have been
reported as speculative or negated (i.e. not taking place, cf. [9]). The results
from a number of event ([?,7]) and named-entity [2,5,6] extraction tools have
been merged. Application of our system to 10.9 million Medline abstracts and
234,000 open-access full-text articles from PubMed Central yielded over 36 mil-
lion mentions representing 11.4 million distinct molecular events, with over 290
000 distinct genes/proteins. Given the large number of publications, it is not sur-
prising that some information is repeated over a number of publications, some
with a wide consensus (the same event introduced in several papers). We have
also developed a method to find reported interactions that potentially conflict
each other. The approach uses rich lexical, syntactic, and semantic features.
Overall, 72,314 potentially conflicting molecular interactions have been gener-
ated by mining the entire body of accessible biomedical literature. An analysis
of 50 potentially conflicting interactions revealed that 32 of them (64to iden-
tify biologically interesting but conflicting results. The BioContext pipeline is
available for download at http://www.biocontext.org, along with the extracted
data, which is available for batch download and online browsing. This resource
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should also prove useful to the bioinformatics community for further data mining
and processing: in addition to 36 million (contextualised) event mentions, there
are 80.0 million gene/protein mentions, 70.9 million species mentions, and 56.6
million anatomical mentions [4].

Keywords: text mining, molecular events, bioinformatics, large-scale process-
ing
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Abstract

This talk will discuss the results of our ongoing project aimed to develop and
validate effective predictive modeling technology to achieve the following sepsis
treatment related aims on high dimensional and noisy data at a clinically relevant
scale:

(1) Personalized sepsis therapy optimization for an individual patient’s state
improvement;

(2) Early diagnosis of sepsis and accurate detection of change in the state of
sepsis, and

(3) Gene expression analysis for sepsis biomarkers identification.

These aims are addressed by developing advanced methods for analysis of tem-
poral dependencies in high dimensional multi-source sepsis related data, which
show significant mortality reduction in severe sepsis patients.

This is joint research with my Postdoctoral Associate Dr. Vladan Radosavljevic
and my Ph.D. students Mohamed Ghalwash, Dusan Ramljak, Kosta Ristovski
and Alexey Uversky.
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member at 8 journals and is the executive editor at the journal on Statisti-
cal Analysis and Data Mining which is the official publication of the American
Statistical Association (ASA). In years 2013 and 2014 he will chair STAM Inter-
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Zoran Obradovié

Director, Data Analytics and Biomedical Informatics Center, Temple University
zoranQist.temple.edu

Abstract

In biomedical applications, multiple predictors are often developed for the same
problem using multiple training datasets of various qualities. Selecting a single
model from such a collection based on accuracy evaluation on a small biased set
of annotated data is not necessarily the best strategy when the objective is large
scale application of the model. In this talk we will discuss how to address this
problem by uncertainty analysis in the reference models and in data. In addi-
tion, we will present an iterative algorithm for integrating predictions of multiple
models without relying on any annotated data. The proposed solutions will be
illustrated on the problem of predicting intrinsic disorder in proteins that lack
a stable tertiary structure but still have important biological functions.

This is joint research with my Ph.D. students Mohamed Ghalwash and Ping
Zhang.
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sciences, and other domains. Obradovic currently serves as an editorial board
member at 8 journals and is the executive editor at the journal on Statisti-
cal Analysis and Data Mining which is the official publication of the American
Statistical Association (ASA). In years 2013 and 2014 he will chair STAM Inter-
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Abstract

Sequence-based computational approaches have revolutionized biological under-
standing. However, they can fail to explain some biological phenomena. Since
proteins aggregate to perform a function instead of acting in isolation, the con-
nectivity of a protein-protein interaction (PPI) network will provide additional
insight into the inner working on the cell, over and above sequences of individual
proteins. We argue that sequence and network topology give insights into com-
plementary slices of biological information, which sometimes corroborate each
other, but sometimes do not. Hence, the advancement depends on the develop-
ment of sophisticated graph-theoretic methods for extracting biological knowl-
edge purely from network topology before being integrated with other types of
biological data (e.g., sequence). However, dealing with large networks is non-
trivial, since many graph-theoretic problems are computationally intractable, so
heuristic algorithms are sought.

Analogous to sequence alignments, alignments of biological networks will
likely impact biomedical understanding. We introduce a family of topology-based
network alignment (NA) algorithms, that we call GRAAL algorithms, which
produces by far the most complete alignments of biological networks to date:
our alignment of yeast and human PINs demonstrates that even distant species
share a surprising amount of PIN topology. We show that both species phylogeny
and protein function can be extracted from our topological NA. Furtermore, we
demonstrate that the NA quality improves with integration of additional data
sources (including sequence) into the alignment algorithm: surprisingly, 77.7% of
proteins in the baker’s yeast PIN participate in a connected subnetwork that is
fully contained in the human PIN suggesting broad similarities in internal cellu-
lar wiring across all life on Earth [1]. Also, we demonstrate that topology around
cancer and non-cancer genes is different and when integrated with functional ge-
nomics data, it successfully predicts new cancer genes in melanogenesis-related
pathways; our predictions are phenotypically validated [2]. Finally, we find that
aging, cancer, pathogen-interacting, drug-target and genes involved in signaling
pathways are topologically ”central” in the network, occupying dense network
regions and ”dominating” other genes in the network [3]. Hence, network topol-
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ogy is a valuable source of biological information that can suggest novel drug
targets and impact therapeutics.
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Abstract

Intrinsically disordered regions are predicted to occur in a large number of pro-
teins in all kingdoms of life, with proteins in eukaryotes being the most ‘disor-
dered’ [1]. Different flavours of disorder have been described, ranging from short
flexible loops within well-structured domains, to long unstructured regions.

At Pfam we are interested in detecting disordered regions as a means to better
identify boundaries of structured domains in full-length proteins. Indeed, while
some intrinsically disordered regions may exhibit conservation, most appear to be
highly variable in sequence, making them problematic targets for family building
(2,3].

In this work, we discuss the presence of disorder within the current set of
Pfam families. We use the collection of experimentally annotated disordered
regions from the DisProt database [4] as well as predictions provided by the
method IUPred [5].

Keywords: bioinformatics, protein intrinsic disorder, sequence conservation,
Pfam
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Abstract

Understanding protein function is one of the keys to understanding life at the
molecular level. It is also important in the context of human disease because
many conditions arise as a consequence of alterations of protein function. The
recent availability of relatively inexpensive sequencing technology has resulted in
thousands of complete or partially sequenced genomes with millions of function-
ally uncharacterized proteins. Such a large volume of data, combined with the
lack of high-throughput experimental assays to functionally annotate proteins,
attributes to the growing importance of automated function prediction.

In this talk, I will address state-of-the-art methods for the computational pro-
tein function prediction. Such approaches can be broadly classified into (i) those
that predict the overall biochemical or biological roles of the molecule, and/or
(ii) those that identify specific residues that are necessary for a particular func-
tion. Both groups of methods will be generally discussed with emphasis on the
role of machine learning as well as on how such methods can be exploited to
understand the molecular basis of disease upon mutation.
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Physicochemical-mathematical unity in the genetic
code - an elementary approach

Miloje M. Rakocevié

Faculty of Science, University of Nis, CGirila i Metodija 2 18000 Ni§, Serbia
milemirkov@open.telekom.rs
(now retired on the address: Milutina Milankovica 118/25 11070 Belgrade, Serbia)

Abstract. It is shown that in genetic code it exists the unity of a strict
stereochemical determinism and the determination by chance. The proofs
follow from the relations between four stereochemical and four diversity
types of amino acids; all this, through a physicochemical-mathematical
unity, valid in the genetic code, just at an elementary level.

Keywords: genetic code, stereochemistry, amino acids, diversity, golden
mean, mathematical regularities, cyclic periodic system, atoms

1. Introduction

The key dilemma of a possible understanding of the genetic code is contained in
two Crick’s standpoints [1]: "the code is universal because it is necessarily the
way it is for stereochemical reasons”; or ”the allocation of codons to amino acids
... was entirely a matter of ’chance’.” In our opinion, one of the reasons why this
dilemma is so far not resolved, is the fact that the chemistry almost completely
was ignored, especially the elementary chemical facts. This work is concerned
just to these facts, considering them important for the analysis of the structure
and function of amino acids (AAs) and proteins.

2. Background

For resolving the above dilemma, the works of Vladimir shCherbak about arith-
metical regularities that follow the classifications of AAs [2], appear to be sig-
nificant. Thus, he showed that if the amino acids are splitting into two sets, the
four-codon and non-four-codon AAs, then the number of nucleons in 15 of the
same "heads” (amino acid functional groups) equals the number of nucleons in
15 very different side chains - in 15 non-four-codon AAs (10 x 111 and lo x
111). On the other hand, the number of nucleons in eight four-codon AAs is
determined by Pythagorean triplet (3-4-5) through multiplication with ”Prime
quantum 037.” For this balance shCherbak says: ,There is no plausible chemical
logic to couple directly the triplets and the amino acids. In other words, the
principles of chemistry were not the sought essence of the genetic code” ([2],
p. 154). Bearing in mind the said classification of AAs, this conclusion, except
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that directly supports the second alternative of Crick, is quite understandable,
because it is immediately obvious that the distinction into four-codon and non-
four-codon AAs is not chemical, but just formal.

3. Current results

What is however surprising, is the fact that the balances of particles number fol-
low also strict physicochemical distinctions [3], and this result directly supports
the first of Crick’s alternatives (Fig. 1). By connecting the shCherbak’s and our
results, we can say that there is a unity of stereochemical determination and the
determination by chance.
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Fig. 1. The atom number within alanine stereochemical type of AAs. The left side: physic-
ochemical hierarchy of amino acid pairs (doublets), determined by left column ("the
codogene sequence"); first come aliphatic, then aromatic AAs. At each of both zigzag
lines there are 86 atoms. The right side: physicochemical hierarchy of amino acid quar-
tets. On two zigzag lines there are 56 + 30 = 86 and 67 + 19 = 86 atoms, respectively
(67 - 56 = 11; notice also that 13 -4 = 19 -10 = 9 and 33-25 = 38 - 30 = 8)

In support to this, are other our results. Thus, through the determination
of golden mean of the first chemically valid order of AAs in standard Genetic
Code Table (GCT) - (FL-SP-IMV-TA-YHQ-CWR-NKDE-SRG) [4] - it receives
the same four quartets, presented on the right side in Fig. 1 (plus four AAs
of three non-alanine stereochemical types: Glycine (G), Prolin (P) and Valine
stereochemical type (V-I) [5]; an outcome as a strict Cyclic Invariant Periodic
System (CIPS) (Fig. 6 in [6], p. 832). [In central cycle of CIPS there are four
chalcogene AAs (ST-CM); follow four contact AAs (GP-VI), then two dicarbox-
ilic AAs and two their amide derivatives (DE-NQ); in next cycle we have two
aliphatic AAs and two amine derivatives (AL-KR); finally, come four aromatic
AAs (HW-FY).]
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At the second chemically valid order of AAs in GCT appear 10 amino acid
pairs, five at odd and five at even positions: F-S, L-P, I-T, M-A, V-C, Y-W,
H-R, Q-G, N-E, K-D. In such case, odd-even balance exists not only through
the number of atoms and nucleons, but also through the number of protons,
isotopes, conformations, and through the molecule mass ([7], p. 228).

Furthermore, it will be shown that the four stereochemical types as well as
five classes of AAs, presented above, correspond with four types of diversity of
AAs, in the arrangement of 2, 4, 6, 8 AAs, respectively (1. G-P, 2. AL-VI, 3.
CM-FY-WH, 4. RK-QN-ED-TS), which correspond to the unique arithmetical
as well as algebraic regularities [6]. So, the distribution of codons to four types
occures through two and two linear equations: x1 yl1 =nl,2 and x2 y2 = ml,2,
where nl = 36, m1 = 25, n2= 16, m2 = 9, as the squares of the natural (in a
sequence arranged) numbers 6, 5, 4, 3, respectively ([6], p. 829).

It also follows chemicaly valid arrangement of 4 x 5 AAs: [(GP-A-LV, IC-M-
FY)/(WH-R-KQ,NE-D-TS)]; then the transformation into 5 x 4 system, through
the symmetrical choice, respecting the hierarchy: GSYW, ADMR, Cxxx, Nxxx,
and Pxxx, as it is presented in Fig. 3 in [6]. In such arrangement, within first
fives AAs there is 26 of atoms; in the second: 26 4+ 16 = 42; in the third: 42
+ 17 = 59 and in the forth fives 59 + 18 = 77. This case is unique within the
Table of minimal adding (16+17+18 = 51 as a quarter of 204 = 26 + 42 + 59 +
77) [The Table of minimal adding: first row (01, 02, 03, ... , 10, 11), second row
(12, 13, 14, ..., 21, 22) etc. In this Table the number 26 is the lower neighbor of
shCherbak’s Prime quantum 037 (37 - 26 = 11).]
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Abstract

Recent development of DNA sequencing and micro array technologies has raised
issues of the adequate experimental design in the data collection process, of their
organization, classification, and proper handling. Based on the specific needs of
biological or medical problem at hand, manipulation of such data has to be
carefully planned. We illustrate this by our own work on complex psychiatric
disorders where both genetic and endophenotypic data have to be considered in
order to extract useful information.

Keywords: bioinformatics, DNA arrays, experimental design, endopheno-
types, Word
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Abstract

Bioinformatics has the largest commercial potential within Pharmaceutical and
Biotechnological industry. Pharmaceutical research and development is a long
and expensive process. Bioinformatics together with all, relatively new, omics
technologies/fields have been providing significant contributions to the R&D
activities with the ultimate goal to advance drug discovery and development.
Nowadays bioinformatics plays an important role in almost all phases of phar-
maceutical R&D process. Bioinformatics contributes to the many novel drug
discovery paradigms, such as pathway analysis, drug adverse effect predictions,
selecting the right dose and many others. Despite all advantages which bioin-
formatics and other novel technologies have been providing, the number of new
molecules brought to market by the biotech and pharmaceutical industry has
fallen. Investors and financial markets have started to criticize pharmaceutical
industry for too high capital allocation on R&D. Indeed, many different figures
imply that R&D productivity has fallen. This trend has been seen as a science
problem in general. Can bioinformatics and many other novel innovative disci-
plines/technologies improve the R&D productivity?

Keywords: bioinformatics, pharmaceutical industry, drug discovery and de-
velopment
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Abstract

Structural disorder correlates with regulatory and signaling functions, due to
which its frequency is high in eukaryotes. It is thought to be also very high in
viruses, because i) disorder is compatible with dual coding and high (higher)
functional density, ii) viruses probably use disorder to deregulate signaling of
the host, and iii) disorder enables rapid evolutionary changes instrumental in
evading host defense. Here, results of a few recent studies will be presented and
discussed, which advance our understanding in these regards.

In addressing dual coding and structural disorder, we have collected 75 hu-
man proteins, which have overlapping coding regions. We found an elevated
structural disorder in the dual-coding regions. We also addressed the level of dis-
order in bacteria of different optimal growth temperature conditions. We found
that disorder is an adaptive trait that can change abruptly in evolution: in bac-
teria living in extreme conditions, it is compromised for sake of adaptation. We
have also addressed the level of disorder in all sequenced eukaryotes, thought to
be much higher in general than in prokaryotes. We found that structural disor-
der varies widely in eukaryotes, with the highest levels found in host-changing
parasites, whereas the lowest levels are found in obligatory symbionts. These

results relate to structural disorder in viruses because it shows that disorder is
an evolutionary trait that has the potential to rapidly change, and to provide an
effective way of adaptation to their host. Our studies also raise the interesting
question as to the level of disorder in viruses that specialize for eukaryotes of
widely different levels of disorder themselves.
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Abstract

Structurally disordered proteins (IDPs) can be classified into six functional cat-
egories. Based mainly on bioinformatic analysis, we suggested that disordered
regions of traditional chaperones or even fully disordered proteins can have po-
tent chaperone activity, probably by an ”entropy transfer” mechanism. To carry
out detailed structure-function analysis of this phenomenon, we studied two de-
hydrins of A. thaliana, ERD10 and 14, and show that they are potent chaperones
in vitro. Similar observations were made on other IDPs as well. To address the
physiological relevance of this effect, we carried out full NMR resonance assign-
ment of the 185 amino acid-long ERD14. Secondary chemical shift and relaxation
data show that this IDP is not fully disordered, but have five short regions of
somewhat restricted flexibility. In-cell NMR of ERD14 overexpressed in E. coli
shows that three of these regions (conserved K-segments) undergo further or-
dering. ERD14 provides significant protection to cells against stress conditions
elicited by various means, in which deletion of K segments have varied effects
(unpublished observations). These observations on IDP function are also put in
the general context of the evolution of IDP function, by showing that certain
IDP functions do not require long evolution refinement, but may suddenly arise
in the cell.
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Abstract

Identification of conserved properties of highly variable biological molecules is
important for identification of functionally important domains that can be used
as therapeutic targets. Epidemics caused by highly pathogenic influenza viruses
(HPIV) are a continuing threat to human health and to the world’s economy. The
principal concern of public health authorities is when and where some of contem-
porary influenza strains will acquire 1918 pandemic HIN1 virus characteristics
i.e. high pathogenicity and infectivity. We have performed sequence analyses
based by informational spectrum method and identified conserved properties
of hemagglutinin (HA), the envelope protein, of HPAIV H5N1 and pandemic
swine influenza virus HIN1 (pHIN1) sequences. Further, we compared informa-
tional and structural properties of the HA from animal and human influenza
virus subtypes, which are important for the receptor/virus interaction. These
characterizations allowed estimation of functional effects of mutations and iden-
tification of therapeutic and diagnostic targets for the prevention and treatment
of pHINT1 infection and potential new pandemic H5N1 virus. After publication
in BMC Struct Biol. 2009, 28;9:62 and in BMC Struct Biol. 2009, 7;9:21. these
predictions were confirmed experimentally in vivo and by virus evolution. Our
recent developments aimed to track the H5N1 virus evolution towards possible
new pandemic virus will be also presented.
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[TOIITA CPBUJE

S~ PpOS7T

Tpagunuonatan 1 caBpeMeH CHCTEM

Caspemena Ilomita cBojoM pa3rpaHaToM IIOCJOBHOM MPEMKOM Ca BHIIE O
1.500 mocnioBHuia 06e30efyje AOCTYIHOCT TOIITAHCKE YCayre cBakoM rpahan-
YWHY HA HHUBOY KOju je TPHUOIHKAH €BPOICKUM CTAHAAPANMA, KAKO Y MOTJIENy
6poja CTAHOBHUKA 110 jJeJMHUIIN MOMITAHCKE MPEXKE, TAKO U y MOIJIeAy POKOBA U
KBaJIUTEeTa JOCTaBe. Y MPEKEHOCT MOCJAOBHUX jeINHUTA, Ay TOMATHA3AIIN]A TTOCTI0-
Bamba U MOTYHOCT pajia y OH-JIajH PEXUMY, aMOUITMO3HYU Ja/bU [IJIAHOBY PA3B0ja
Beli cy je yYMHWIM TPeno3HAT/HMBAM W TOTOBO HE3AMEHJbUBUAM WHMPACTPYK-
TYpPHUM cucTeMOM y rranoBuMa Penybsmke Cpbuje ma mro Behu 7e0 qpKaBHUX
cepBuCa TpuOIMKY rpahannmMa.

Baxsamyjyhu Tome, [lomra Cpbuje je u y mpomiioj, MAaKpOEKOHOMCKH BEOMa
TeNIKOj roauHu, ysehasga oOMM ycCjyra, OCTBapH/a PACT MPHUXOJA M 3al04esa
HOBE CTPATEIIKE MMPOjeKTe, 3HAUAJHE HE CAMO 33 TPAHC(MOPMAIIN]y IMTOIITAHCKOD
caobpahaja Beh m 3a MomepHM3ANH]Y HHPPACTPYKTYPHOT MOTEHITH]AIa 3€MJbE.
IIpojekTn cy mpe cBera ycMepeHN Ha MOAW3AM-€ PETHOHAIHUX IOIITAHCKO JIO-
TUCTHYKHX [EHTAPA PAIUA AyTOMATH3AIM]E MTPEPAJE MOMTAHCKIX MOMMBKH, HA
pPa3B0j MOJEPHHUX CepBHCA O] 3HAUaja 3a EJIEKTPOHCKY YIPaBY, €JIeKTPOHCKO
MOCJIOBAaIbE, 33, CBAKOIHEBHU YKUBOT IpuBpee u rpahana.

[Topen Benukor nHGPACTPYKTYPHOT 3HaUaja 3a (DYHKITHMOHUCAHE IPYIITBA,
Ilomra mpencrassba jeAHY O HAJIEPCIeKTUBHI]UX U HAJIMHAMWIHIjUX IPUBPEI-
HIX T'PaHa, CHayKaH FeHEPATOpP Pa3Boja MHIAYCTPH]je, 3HAUAjaH N3BOP HAIIMOHAJTHOT
JOXOTKa ¥ OyTIeTCKUX IIPUXO0/Ia, & NCTOBPEMEHO 1 HajOpIKe CPECTBO Y JAHAIIDHE
Bpeme KomyHuKaruje mehy spyauma. Hbeno crparemko ompesiespeme caapKaHo
je y TpancdoOpMaIuju TPAIUIAOHAIHE TIOMITE ¥ TPKUIIHO OPHjEHTHCAHY KOM-
manujy, koja he dynkmmonucaru, npuepeljusaru u 3apahusaru.



Tpagurnuonanau u cappemenu ceppucu [lomre Cpbuje 10CTyOHE Cy KOPHUC-
HANEMA KOJ Kyhe, Ha MOCJLy, Ha MECTY T/ie€ KYIyjy HUJIu y CAMOj MOIITH, U TO 33X-
BaJbyjyhu MONHOM KOMYHHKAIIMOHOM OKDPY2KEY: y jeJaH CHCTEM IIOBE3AHE Cy CBE
TIOTIITE, IOCTABHU PEOHU, KypUPCKe iy kbe, IHTepHeT, MO3UBHYU EHTPY U TOIITE
non, ¢pannmsom. [locebre moromaoctu [lomra Hy M BeMKUM MOMIMIBAOIIIMA,
jep pa3Buja HOBE CEPBUCE CA MIUPUM ACOPTUMAHOM MPUIATONEHUX TOIMTITAHCKUAX
MPOM3BO/Ia KOjU 330BOJBaBAjy crermduyane morpede mocjI0Bamkha HUXOBUX KOM-
aHuja.

@ iekcrOMIHA, MECTY W BPEMEHY NpuiaroheHa OpraHu3alyoHa, Ka POBCKA
u rexandka pemnema y IlomTu monpehena cy CymITHHCKOM IUJBY - YCHOEIIHOM U
€KOHOMCKH BaJIOPU30BaHOM mpahemy mpoMeHa y riio0aTHOM OKPYKemby. 2KuBuMo
Yy BPEMEHy IWHAMUYHUX TpoMeHa, ymelie je mro Do/be WX pasymMerw W Tpe-
BUIETH, IITO HUje yBeK jemHocraBHo. Meljyrum, marepujamuu pecypcu I[lommre
Cpbuje cTBOpeHH HOCAANTHUM PAJIOM, K0 U 3HAIEM U UCKYCTBOM 3allOCIeHUX,
rapaHnyja cy ma he ce n cBa Oymyha mckyinema yememnrHo mpesasnhm.
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