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The new generation of short read sequencingntdogies still requires both accuracy of
data processing methods and reliaimeasures of that accuracy and data quality. Such measures
are especially important for variant calling. However, in the particular case of SNP calling, a
great number of FalseoBitive SNPs (FP SNP) may be obtained. Reliable methods are required
to distinguish putative SNPs from sequeneiagother errors.

We found that not only the probability of sequencing errors (i.e. the quality value) is
important to distinguisha FP SNP but al so the conditional pr o
(the 6second best call 6 probability, condi ti
of mi smatches can be O0correctedd with this s

Another way to reduce the raté FP SNPs is to retrieve DNA motifs which seem to be
prone to sequencing errors, and to attach a corresponding conditional quality value to these
motifs. We have developed several measures to distinguish between sequence errors and
candidate SNPs,basedo a base call s nucl eoti de context

In addition, we suggested a simple method to correct the majority of mismatches, based
on conditional probability of their O0second?d
call conficence (quality value) of being corrected to each mismatch.

The software is available from the authors by request. It collects mismatches from a
BAM or gseq file, performs statistical analysis of these mismatches and assigns probability of
being corrected bthe second intensity call to each mismatch.

In lllumina technology [1], the sequencer analyses one nucleotide of the sequence in
each cluster per cycle. At each cycle, A,C,G and T nucleotides, each labeled with a different
dye, are added to the fleeell and an intensity for each dye in each cluster is recorded. Ideally,
the strongest of the four intensities recorded at a given cycle for a given cluster should
correspond to the nucleotide at that position in the sequence for that cluster. Two problems
accrue in clusters of DNA over successive cycles of the lllumina sequencer: phase inaccuracy
due to basencorporation errors and dyabel crosdgalk, effectively limit the use at this

technology to short read lengths of around 100 bases on the GAZ Zaul
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There are attempts to solve these problems:-@lteic [2] applies a machine learning
method to improve a base call; AYB [3] takes an account of DNA context to improve a base call.
Statistical models for phase inaccuracy, dofipand dyelabel cresstalk are combined by W.

Gilks [4] in a basecalling inference tool, which allows for differential rates of phase inaccuracy
and dropoff between DNA clusters, and calculates the probability of miscall for each called
base. Other methods try to accoumt hucleotide context by introducing such a predictors for
guality values as dnucleotide content [5] or homgolymer count [1]. However, all these
methods do not analyze possible errors directly.

Let us briefly clarify the notation we will use furthekny mismatch is defined by the
nucleotide called and the corresponding nucleotide in a reference genome; this reference
nucleotide is obtained after mapping called read to the reference genome. There are twelve
possible mismatch types of substitutions>AC, A> G, A>T, C>A C>G, CG>T, G-> A,
G->C,G>T, T->A, T-> C, and F> G. The first letter for each pair is whatitis in a reference,
and the second | etter stands for wha't was
patt er no6 boutareidertity of a baseacalled (as expected in a reference), and an identity
of its preceding base(s), namely about DNA context preceding a mismatch position.

While looking at the mismatches we noticed some intriguing facts:

o] Certain mismatch paties and mismatch types  occur significantly more
frequently than others, and are common for organisms and runs

These  observations inspired us to perform a systematic analysis of Illumina
mismatches/errors, and to see which mismatch types and mismatamspatiee persistent
between different lanes, runs, organisms,-&@tents and machines for Illumina sequencing.
Looking at the mismatch context, we aimed to learn if an identity of previous base(s) affects the
mismatch type and frequency.

We also kept iimind the crosgalk and phasing inaccuracy tendencies mentioned before.
These error tendencies might be enhanced for particular DNA combinations (local DNA
content), making them especially error prone.

http://mww.illumina.com/Documents/products/tectes/technote_casava_secondaryanalysis.pdf
http://www.ebi.ac.uk/goldmasrv/AYB/
http://www.slidefinder.net/s/statistical_base_caller_illumina_genome/12171624/p3
http://mww.broadinstitute.org/gsa/wiki/index.php/Base_quality _score_recalibration

Erlich Y, Mitra PP, Delabastide M, et al. Alayclic: a selfoptimizing “base caller for nexgeneration
equencmg NatureMethods 2008;5(8):6&2.
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Analysis of the transcriptome of the human parasitic trematode

Opisthorchis felineus

Dmitry Afonnikov!, Mikhail Pomazno¥y Alexey Katokhin, Vyatcheslav Mordvinoy Nikolay
KolchanoV, Kostryukova E.S$, Levitskii S.A? Selezneva O.¥. Chukin M.M?, Larin A.K2,

Lazarev V.N°, V.M. Govoruri

!Institute of Cytology and Genetics SB RAS, 10 Lavrentyev Avesiios&, 630090, Russiada@bionet.nsc.ru,
pomaznoy@gmail.com, katokhin@bionet.nsc.ru, mordvin@bionet.nsc.ru, kol@bionet.nsc.ru
’Scientific Research Institute of Physic@hemical Medicinela Malaya Pirogovskaya Str., Moscow, 119992,
RussiajazarO@mailtu, govorun@hotmail.ru

The liver fluke Opisthorchis felineuscause the opisthorchiasis and represents a
substantial public health problem in Siberia and eastern regions of the former USSR. From
40000 to 95000 cases of opisthorchiasis were reported anbesiveen 1986 and 1992 [1]. In
the central part of Western Siberia, the prevalence ranges between 40% and 95%. The
opisthorchiasis is associated with a number of hepatobiliary abnormalities, including cholangitis,
obstructive jaundice, hepatomegaly, dwjstitis, cholelithiasis and carcinogenesis [2].
Therefore, it is important to search for methods of efficient combatingQvifielineusinfection,
based on a detailed knowledge of the interplay between the parasites and their hosts as well as
the biology of the parasites themselves at the molecular level.

The life cycles ofO. felineusinvolves an aquatic snail, in which asexual reproduction
takes place, and freshwater fishes as intermediate hostg.e&iisiy mammals, including
humans, dogs and catstas definitive hosts, in which sexual reproduction occurs [3].

In this work we performed the bioinformatics analysis of transcriptome sequences from
O. felineusmarita (adult form parasitizing in mammals liver). As result, structural and functional
annoations of more than 20000 sequences were obtained.

In our report we will present the results of analysis of structure and functional
characteristics of th®. felineudranscriptome for this life form.

The work was supported by RAMS 2pr,005Ba nksAS
projects 113 and 119, the SB RAS Program "Genomics, Proteomic, Bioinformatics", the State
contract Rosnauki 02.512.11.2332, the RFBR grar@©222090fi_m.

1. WHO study group on the control of the foodborne trematode infexti1995) Control of the foodborne
trematode infections: report of a WHO study graiho technical report serie849:92i 93.

2. Mordvinov VA, Furman DP. (2010) The Digenea parasite Opisthorchis felineus: a target for the discovery and
development of nat drugsInfect Disord Drug Targetsl0:385-401.

3. Beer SA. (2005) Biology of opisthorchosis invasion agent. Moscow: KMK Press;
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Lack of dominance effect revealed by comparison of frequencies
of nonsense mutations between autosomes and X -chromosome

in Drosophila melanogaster

Aleksandra Akhmadullinfa Georgii Bazykif, Alexey Kondrashot

!Moscow State University, Russian Federatiaeksandra.akhmadullina@gmail.com
%|nstitute for Information Trasmition Problems, Russian Federatigiazykin@iitp.ru
3University of Michigan, United Statelspndrash@umich.edu

Despite decades of debate, our understanding of domieffiects remains elusive. Since
the seminal works of Fisher and Wright, it has been assumed thaelegemutations tend to
be recessive, while the effects of smatffiect mutations is usually additive. Nonsense mutations
prevent the synthesis of theergg product, and can be safely assumed to be -édie;
nevertheless, they can reach a substantial frequency in the population. Here, we use 162
complete genome sequences of D. melanogaster to study the frequency of nonsense mutations
segregating in thgopulation. In 10.2% of genes in our D. melanogaster sample, stop codons
segregate at nenivial frequencies. Since the alleles carrying stop codons on the X chromosome
are hemizygous and more visible to selection, we expected the nonsense mutatweslcovar
frequencies on the X chromosome. Surprisingly, the fraction of genes carrying a nonsense
mutation was virtually identical between the X chromosome (10.0%) and autosomes (10.2%).
The allele frequency spectra, which can reveal the action of wéadtisa, were also similar.
The significance of these results for our understanding of dominance is discussed.
1. F.A. Kondrashov, E.V. Koonin (2004) Acommon framework for understanding the origin of genetic donimamce
and evolutionary fates of gene tioptions, TREND in Genetic0:7.
éZleaFllzréer (1928) The possible modification of the response f the wild type to recurrent mufetioNsture,

3. P. Andolfatto et.al (2010) Effective population size and the efficacy of selectioa drctiromosomes of two
closely related Drosophila speci€enome Biol. Evol3:114i 128.

28


mailto:aleksandra.akhmadullina@gmail.com
mailto:gbazykin@iitp.ru
mailto:kondrash@umich.edu

Moscow Conference on Computational Molecular Biology
July 21-24, 2011

Automatic Detection of Architectures in 3D Protein Structures
of All-Beta and Alpha/Beta Classes

Evgeniy AksianoV, Andrei AlexeevsKi?

1Belozersky Institute fortysical and Chemical Biology, Moscow State University
2 Scientific Research Institute for System Studies (NIISI RAS), Moscow

The classification of protein folds is a hard problem: widely used hierarchical
classifications SCOP and CATH vary in significatgtails, and are based on manual expert
deci sions for those ssupenmpdsedrtocatready blassified donaaimsd t
Attempts tocreate fully automatic classifications are less successful [1].

Here we presenbheeP (Sheet Puzzle) programimed to detect architectures in input
protein structure of PDB format. All detectable architectures have corestedds. They are
betasandwich (parallel and orthogonal), béi@rrel (single), betprism, betapropeller,beta
bigmac (betssandwich withmore tha two layers), alpha/beta barrel, GHRke barrel, alpha/beta
sandwich, Rossmann fold (alpbataalpha sandwich), single sheet (including open barrels),
small sheet (considered as r&tructural element).

Core procedure oSheeP algorithm is bet-sheet detection and description. Graphical
output of a bets he et i s 60 a s he-sheets meepdétectddFHn gpvedal) steps.B e t
Preliminary betesheets are obtained from DSSP program output. Each preliminargtssta
undergoes several steps obdifications using geometrical criteria. Modifications may result in
breaking preliminary sheet into two separate sheets or, conversely, joining two sheets into one;
adding or excluding residues from the sheet and so on. Arrangements of interactisipdista
helixes and betaheets, are analyzed to determine architectures. Additionally, standard structural
motifs, like jelly-rolls, Greek keys and interlocks, are detecfteeP program is implemented

as webservice ahttp://mouse.belozersky.msu.ru/

SheeP program was testedn all 125567 domains of CATH DB, release 3.30. Such
CATH architectures as betandwich SheeP algorithm detected 92.6% , 14252 of 15395
domains from 3&opologies belonging tsandwich architectures), bgt@ism (85.4% ,135 of
158 domaing were detected appropriately welh CATH, betabarrel architecture includes
single barrels as well as open barrédpen barrels are determinbyg SheeP as single shets
This is the main reason why only a half métabarrel domains(47.1%, 4500 of 9547)vere
correctly detected. For examplenlp 150 of 375 domains from CATH family 2.40.30,10
annotated i n CATHElagatiorbHacor Tu€Hi), dorhab 3 evére detected
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by SheeP as closed barrels. Domain 1cgxA151261 (flavohemoglobin domainwas not
detectedby SheeP as closed barrednd visuallyit is openbarret 2b7bA333440 (elongation
factor domain) was detected el®sedbarrel (andvisually, it is). Thus, distinguishing open and
close barrels provides additional arguments for the classification.
Another problem occurs with corrupt besrands and betsheets, which are not detected by
DSSP algorithm. For example, 4 of 47 "Orthogonal Prisms" d@amaere not detected correctly
by SheeP because of lack of one sheet due to a large number of irregularities.

We believe that developed algorithm and further improvements of algorithmic
descriptions ofarchitectures and folds could lead to more objectwe reproducible fold

classifications.

Ser81 Ser80 Trp79 Arg78 Ile77 Thr76
. L e e e e

Leu67 Leu68 Val69 Ile70 ‘Leu71 Thr72

Gln63 Leu62 Val6l Ala60 Arg59 Cys58

Thrlé Leul7 Hisl8

Fig. 1.Sheet mamf lectinfrom Scilla campanulat@PDB code€ldl p, chainB, only oneof threeshees is shown.

A nonempty cell of the map contains a residue from the sheet, emptgpcell gia meédedto e pr esent shee
irregularities. Each strand is contained in one raw. Crstiand arrays are shaded according to location of side

chain: on one side of the sheet, on another side or failed to deteBoilablinesndicate either edge of a strand-(N

terminal or Gterminal) or absence of reguldrydrogenbonds within a crosstrand array

The work was partially supported by RFBR graft07-00685Q

1. Sam V. et al. (2008), Towards an automatic classification of protein structural domains based analstruct
similarity, BMC Bioinformatics9:74
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Accurate response timing of a bistable gene switch

Jaroslav AlbertMarianne Rooman

Universite Libre de Bruxelles, CP 165/61, avenue F. D. Roosevelt 50, 1050
Bruxelles, Belgiumjalbert@ulb.ac.be

Switching between two stable states (bistability) of a gene has been observed to be a
ubiquitous feature in many organisms. For a system to be bistable, positive autoregulation is
required which can be achieved by either a shgglee positive feedback loop [1] or a motif
comprising of two mutually suppressing genes [2]. Examples of bistability include: sporulation
and competence in bacterium B. subtilis [3] and the maturation of frog oocytes [4]. Studies of the
expression dynamicof positively autoregulated genes have shown that the time to reach steady
state is always slower than for genes with negative or no feedback [5]. Some functions
associated with delays in state transition are: filtering out-$astihg activation sigals arising
from noise [6]; and, orchestrating temporal chain of events, i. e. cascades, where a set of genes is
turned on one by one [7].

Since any biological system is subject to intrinsic noise, one may wonder about the
accuracy with which gene swiicly can be delayed. In this work we set out to answer the
following question: what are the necessary conditions, i. e. parameter values, that allow a genetic
switch to be delayed with accuracy? In order to answer this question, we considered the simplest
bistable system: a single gene with positive autoregulation. As a starting point, we approximated
the full systemi involving all biochemical reactions- by replacing the state variables
representing the DNAranscriptiorfactor complexes with their equiliium values; this allowed
us to describe the system with only one second order differential equation corresponding to the
protein concentration. With this single equation, the analysis became similar to that of a particle
moving in an external potentiahder a frictional force. Next, we selected many parameter sets,
each yielding a different set of three fixed points: metastable (MSP), unstable (UP) and stable
(SP). Switching occurs when an external input changes one of the parameter values in such a
way that the MSP and the UP merge together, leaving the SP as the only equilibrium solution. If
the system initially starts out in the MSP it will be driven to the SP. The time to reach the SP will
depend on the amplitude of the external signal.

Finally, retrning to the full set of stochastic equations and setting the initial mRNA and
protein concentrations (mPC) to the MSP, we simulated, using the Gillespie algorithm [8], the
evolution of the mPC under the influence if external input. For every paramediethse
magnitude of the input was chosen whereby the same delay was produced. Our results show that
one of the criteria for generating reliable delays is the initial and final (steady state) mPC. At
large concentrations, switching delays tend to be mooerate than at low concentrations.
However, we also found that for some parameter sets accurate delays can be achieved even at
low mPC.
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Challenges in Comparative Genomics: from Biological Problems

to Combinatorial Algorithms (and back)

Max Alekseyev

University of South Carolina, United Statesaxal@cse.sc.edu

Recent largescale sequencing projects fueled the comparative genomics studies and
heightened the need for algorithms to extract valuable information apewgtic and
phylogenomic variations.

Since the most dramatic genomic changes are caused by genome rearrangement events
(that shuffle genomic material), it becomes extremely important to understand their mechanisms
and reconstruct the sequence of such sv@wolutionary history) between genomes of interest.

In this expository talk | shall describe several controversial and hotly debated topics in
evolutionary biology (chromosome breakage models, mammalian phylogenomics, prediction of
future rearrangementsand formulate related combinatorial challenges (rearrangement and
breakpoint reuse analysis, ancestral genomes reconstruction problem).

| shall further present recent theoretic and algorithmic advances in addressing these

challenges and their biologicehplications.
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The Opisthokonta is a well established group of eukaryotes that includes animals, fungi
and choanoflagellates. Phylogenetic analyses have shown that, in addition to its eagadjn
Opisthokonta includes a number of lesser known unicellular organisms that were previously
classified as diverse Protozoa [1]. The majority of trees based on multigene datasets place these
organisms in a monophyletic clade, known as Mesomycetozasger ¢0 animals and
choanoflagellates. The phylogenetic position of Mesomycetozoea has generated significant
interest to the group in the context of emergence of Metazoa [2]. The genome sequencing
initiative aimed at these early diverging members of @plginta revealed numerous homologs
of genes involved in cell adhesion and signaling that were previously considered specific to
Metazoa. The genome ofCapsaspora owczarzagkia filose amoeboid member of
Mesomycetozoea, contains homologs of metazoan ingegrimd kinases implicated in focal
adhesions [3], and transcription factors that are responsible for cell differentiation in Metazoa
[4]. Presence of these genes in members of Mesomycetozoea implies their premetazoan ancestry,
and suggests that part of tmeetazoan genetic toolkit emerged prior to the divergence of
metazoan and mesomycetozoean lineages. Surprisingly, many of these genes are absent from the
genome of choanoflagellatdonosiga brevicollis which means that they were lost by
choanoflagellates.

1. M.A. Ragan, et a{1996) A novel clade of protistan parasites near the anfnadal divergencgProceedings of
the National Academy Sciences of the United States of Am@8idd90711912.

2. l.RuizTrillo, G.Burger, P.W.Holland, N.KingB.F.Lang,et al. (2007) The origins of multicellularity: a multi
taxon genome initiativelrendsin Geneics,23:113/118.

3. ASe P& dr etsla (2010) Ancient origin of the integrmediated adhesion and signaling machinery,
Proceedings of the National Acadengie®ices of the United States of Ameyid7: 10142 10147

4.AS e BP®@ d retad @010Unexpected repertoire of metazoan transcription factors in the unicellular holozoan
Capsaspora owczarzgkvlolecular Biology and Evolutior28: 1241-1254.
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Protein Sequence Alignments Comparison and Verification
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'Faculty of Bioengineering and Bioinformatics, Moscow State University
“Belozersky Institute for Physical and @hieal Biology, Moscow State University,
% Scientific Research Institute for System Studies (NIISI RAS), Moscow
aba@belozersky.msu.ru

Here, we report a package MALAKITE, which allows detecting reliable parts in an input
multiple alignment of protein sequess, constructed by any other program, and use it for
verification and comparison of protein sequence alignments.

Alignment is meant to express an equivalence relation between monomers in sequences.
In the case of protein sequence alignments this equo@lean be regarded as residue
homology. Standard alignment representation implies homology of all monomers in each
column. However, most alignment programs sometimes put unrelated residues in the same
column, either due to limitations of algorithms omid visual simplicity of representation.

Thus, additional means of detecting and displaying homologous residues in alignment
are required. To some extent such means are provided in a number of aligratedt software
by coloring schemes (e.g.-Moffee [1]), or by uppercase/lowercase letters (e.g. Prefab [2]).
However, these approaches do not suffice for cases where several classes of homologous
residues fall into the same column. We know the only approach, in which residue equivalence
(homology) is expessed adequately. It is implemented in POSA service for multiple flexible 3D
structure superimposition [3] .

We have developed software to detect residue homology in an input alignment by
finding blocks confirmed either by superimopsition of fragments 3 structures
(MALAKITE_3d) or by detectable sequence similarity (MALAKITE_seq). The result of both
programs is the decomposition of all residues of all sequences into classes of (presumably)
homologous residues; one class is contained in one columan&éwolumn may contain several
classes.

In order to verify Pfam alignments, we had to consider each column of Pfam alignment as
one class of homologous residues. MALAKITE_3d program was used for verification; thus,
only 2223 alignments that containedledst two sequences of proteins with known 3D structure
were selected and only sequences with determined 3D structures were left within thus producing
reduced alignments.
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To measure these r educ enumkzeleofgndependentsede q u a |
in column ias number of equivalence classes detected by MALAKITE_3d within the column
minus one. Averagaumber E of independent errors per columsrdefined as weighted suf=
S e (s /S5 's) wheres is a number of residues in colurn

We conclde that the majority of Pfam alignments are well confirmed by 3D: 1526 of the
reduced alignments have less thab independent errors per column, although there are 215
alignments witfE>1 and there are even four alignments VEt8S.

We generalize valu& for comparison of any two alignmenté, and B, of the same
sequences. Here each alignment is considered as a decomposition of all residues into classes of
homologous residues. We defireative error Eg/a of alignment B with respect to alignment A
asEga= Sx & (sc /S, s) wherex runs through classes & e, is a number of classes &f
intersecting X, s, is number of residues i If we considerA more reliable Ega) displays how
much B joins separate classesAabgether andEg) displays how much B splits classes Af
apart. ValueE defined above for Pfam alignments verification coincides ®ithmmaiaxite_3d)-

Using valueE we compared MALAKITE_3d vs MALAKITE_seq for 170 reduced Pfam
alignments which have at least 10 sequences azh Bfignments vs Muscle alignments (the
latter showed a bit worse results).

The work is partially supported by RFBR gradgs04-92743 11-04-91340,10-07-00685
1. S. Moretti at al. (2007), The 1@offee web server: a metaethod for computing multipleegiuence alignments
by combining alternative alignment methoN#\R,35:W6458.
§2F127%§ggar (2004), MUSCLE: multiple sequence alignment with high accuracy and high throbigkiput,

3. Y.Ye, AGodzik (2005) Multiple flexible structure alignmesing partial order graphBjoinformatics21:2362
2369.
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Web-application for comparative structural and functional

analysis of prokaryotic genomes sequencing data

llya Altukhov', Dmitry Ischenkd, Dmitry AlexeeV,
Nikolay Bazalee, Alexey Uvarovskiy, Alexandr TyakHt

"Moscow Institute of Physics and Technology, Russian Federdtiamltukhov@gmail.com
’Research Institute of Physical Chemical Medicine(Moscow), Russian Federation

Regarding to widespeel using of higiperformance technologies of next generation
sequencing one of the tasks of bioinformatics is to optimize the algorithmic methods for the
analysis of the collected genomic information. Bioinformatics group of Research Institute of
Physical Chemical Medicine (Moscow) have created users -aghlication for interested
researchers that provides the most effective software solutions for comparative structural and
functional analysis of prokaryotic genomes sequencing data. Comparative analgsstsaafman
alignment of genomic sequences, the search of single nucleotide polymorphisms with a verifying
their synonymy, the genomic annotation based on known genomes structure of the same species
of microorganisms, graphic comparison of results. Integpoetal enables users to conduct their
own genome project, keeping all information in the database, which allows access to analysis
results from any PC. The effectiveness of available algorithms is demonstrated in the analysis of
structural and functionaleatures of genomes of clinical isolates of Neisseria gonorrhoeae and
Mycobacterium tuberculosis, which have beerseguenced under the scientific research project

bearing by institute staffs.
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Key Residues in Protein -DNA Interactions

Anastasia MoralevaEugene Kuznetsdy Vladimir Tumanyah Anastasya Anashkina

'Engelhardt Institute of Molecular Biology RAS, Vavilov str., 32 Moscow 11999, Russia
%Institute of Control Sciences RAS, Prophsoyuznaya str., 65 Moscow, 117997, Russia,
anastasya.anashkina@gmail.com

Recognition of DNA by proteins is one of the most important processes in living systems.
There has been a growing interest in the prediction of DiN®ing sites in proteins which play
crucial oles in gene regulation. We have previously developed a method of detection of residues
involved in proteirDNA interactions based on Voron@elaunay tessellation [1]. We reported
importance of charged residues in DNA recognition both positively charggl @&nd HIS and
negatively charged ASP and GLU [2].

Here we report the use of two different ways in search of key residues in gddt&in
interactions.Conservation and variation scores are used when evalltiAgbindingsites in a
multiple sequence alignent, in order to identify residues critical for structure or function.
Residues involved in proteidDNA contacts are defined by VororDielaunay tessellation
procedure.

All available on 15 January, 2011, about 1900 preWA complexes in PDB [3] were
selected for contact analysis. The analysis revealed that amount of residues that formed contact
with only one nucleotide is 40%, with two nucleotides is 40%, with three nucleotides is 9% from
total amount of interfacial residues. Highest value of confawted out for ARG4 from A chain
of 1IEA4 complex. This arginine placed in major groove of double stranded DNA and formed 17
contacts with different neighboring nucleotides. The medium number of nucleotide neighbors
per interfacial residue is 2.0. Minimakle 1.6 belongs to aspartic acid, maximal value 2.7
belongs to arginine.

Quantity of residues formed more then 6 contacts is less 1.3% from total amount of
interfacial residues. There are mainly arginines and lysines. One can suppose that these residues
(formed contacts with more than 6 different nucleotides through prDteik interface) are the
most important points in protelDNA complex formation.We investigated a conservation of
these residues (formed 7 and more contacts) by different conservadivaration scores and
drew a conclusion that less then%0of these residues are conservative by Valdar [3]
conservation measure.

All revealed residues involved in proteDNA interactions were used for conservation
analysis. Also w calculated distancesmongdifferentscores based on correlation coefficients,
and constructed a dendrogram of the scores by average linking cluster analysis. The cluster
analysis showed that most scores fall into one of two grfogpbstitution matrix based group
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and frequeng based group respectively. We also eval
DNA-binding sites and found that frequency based scores generally perform best.

So, the same as for catalityc sites [4}nservation and variation scorfes prediction of
DNA-binding sitescan be classified into mainly two large groups. When using a score to predict
DNA-binding sites, frequency based scores that also consider a background distribution are most
successful.

This work was supportedMobye cG@rlanrt aonfd Rereelsliuc
and government contract P1272 of Education and Science Department of Russian Federation.

1. A Anashkina et a2007) Comprehensive statistical analysis of residues interaction specificity at gonattm
interfacesProteins 67(4):1060-1077.

2. A Anashkina et ali2008)Geometrical analysis of proteDNA interactions on the basis of the Voro+id¢laune
tessellationBiofizika, 53(3):402-406 (in Russian).

3. W.S.J. Valdar (2004) Scoring residue conservaiooteins 48(2):227i 241.

4. FJohansson and.Toh (2010)BMC Bioinformatics11:388-398.

Detection of Structurally Invariant Sites in the HIV -1 Third
Variable (V3) Loop by Computer -Aided Approaches

Alexander Andrianoy Ivan Anishchenkd Alexander Tuziko®

!Institute of Bioorganic Chemistry, National AcadenfiBaiences of Belarus, Belarasdrianov@iboch.baset.by
United Institute of Informatics Problems, National Acaderhgciences of Belarus, Belarus

The V3 lbop on gpl120 from HIM is a focus of many research groups involved in anti
AIDS drug development because this region of the protein is the principal target for neutralizing
antibodies and determines the preference of the virus fdymphocytes or primary
macrophages. Although the V3 loop is a promising target forHdltil drug design, its high
sequence variability is a major complicating factor. Nevertheless, the occurrence of highly
conserved residues within the V3 loop allows one to suggest thatmigypreserve their
conformational states in different HY strains and, therefore, should be promising targets for
designing new antHIV drugs. In this connection, the issue of whether these conserved amino
acids may help to keep the local protein stmestand form the structurally rigid segments of V3
exhibiting the HI\V1 vulnerable spots is very relevant. One of the plausible ways to answer this
guestion consists of examining the V3 structures for their consensus sequences corresponding to
the HIV-1 group M subtypes responsible for the AIDS pandemic followed by disclosing the

patterns in the 3D arrangement of the variable V3 loops. Because of the deficiency of
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experimental data on the V3 structures, these studies may be performed by homology modeling
usng the highresolution Xray and NMRbased V3 models as the templates.

In this work, the 3D structural models for the consensus aagith sequences of the V3
loops from the HIV1 subtypes A, B, C, and D were generated by bioinformatics tools tol revea
common structural motifs in this functionally important portion of the gp120 envelope protein.
To this effect, the most preferable 3D structures of V3 were computed by homology modeling
and simulated annealing methods and compared with each other, bhsaswvelith those
determined previously by -Xay diffraction and NMR spectroscopy. Besides, the simulated V3
structures were also exposed to molecular dynamics computations, the findings of which were
analyzed in conjunction with the data on the conservethefits of V3 that were obtained by
collation of its static models.

As a matter of record, despite the high sequence mutability of the V3 loop, its segments
3-7, 1520 and 2832 were shown to form the structurally invariant sites, which include amino
acidscritical for cell tropism. Moreover, the biologically meaningful residues of the identified
conserved stretches were also shown to reside-farns of the V3 polypeptide chain. In this
connection, these structural motifs were suggested to be used by the virus as docking sites for
specific and efficacious interactions with receptors of macrophages dgthphocytes.
Therefore, the structurallywariant V3 sites found here represent potential -dHIWeak points
most suitable for therapeutic intervention.

In the light of the findings obtained, the strategy for-&h¥-1 drug discovery aimed at
the identification of cereceptor antagonists thateaable to efficiently mask the structural motifs
of the V3 loop, which are conserved in different virus subtypes, is highly challenging. To
overcome this problem, an integrated computational approach involving theoretical procedures,
such as homology molieg, molecular docking, molecular dynamics, QSAR modeling and free
energy calculations, should be of great assistance in the design of novel, potent and broad
antiviral agents.
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An evolutionary space for microbial evolution

and community structure analysis
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The modern microbiology has entered the era of metagenomics when the old way to
manage sequence data as a I|ist of records is
speci fic and gl obal mi crobi al coboammomiomi e o a
Aevuti onaryo space (ES) wher e uni que nucl eot
presented by dots and the distance between every two dots corresponds to evolutionary distances
between these sequences exists as an appealing idea nofoomhycrobial community data
analysis, but also for adequate understanding of real evolutionary patterns which reggrige b
of reach of traditional approaches-4). Taking into consideration the size of thereat 16S
rRNA gene database (more that® ¥@cords) and the number of dimensions required for the
corresponding true ES (probably more thar)1@ve understand that the shortest way to
construct a fAworkingo ES is to find a | ow di
topological features anelvolutionary metrics of the true ES.

The aim of this study is to design a working ES with acceptable dimension and
evolutionary reasonablenetric. Two version of ES were designed by using current bacterial 16S
rRNA databases and common statistics. Thngeerimental sets of the 16S rRNA geneayinant
sequences were obtained from the same soil DNA sample with three different primer pairs. The
first version of a 10@ i mensi onal ES (Aill egal 0) was con
measurement: three liomai es of 16S r RNA seqguences were map
character of ES 1 we found a good sogpHSrlel ati o
metri c) and Atrueodo distance matrices. The a
and the number of dimensions suggested that satisfactory results can be achieved by using 40
dimensions. Coordinates of the central point were calculated for each sequence set. A primer
bias effect with clear taxonomic sense was quantified. A number grahteharacteristics of
microbial communities and their dynamic are proposed (density, volume, shape, trace, speed

etc).
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The second version of ES is under construction. It is more rigorous and has been
designed for evolutionary studies of 16S rRNA datds. To some extent it has a
Acosnwdlodg character. I f we take the existenc
Anul | hypotheseo and make some very rough s
evolutionary process in Bacteria domain the true ES (perhaps bounded by functional
constraints) should look like the Big Bang with one big difference: contrary to the Big Bang the
global bacterial community represented in the true ES should have bigger density in peripheral
than in the cemal areas (maybe like a multidimensional diffuse hollow sphere). Strictly speaking
our working hypothesis predicts that the global microbial diversity can be presented in the true
ES as an irregular fractal with a multidimensional hollow sphere as the dasent. All the
data presented are highly disputable but we believe that there is need for more integral ways to

presentation and analyses of metagenomic data and the ES concept is one of such opportunities.

The work was supported by Ministrydkcation and Science of Russian Federation (c.
16.512.11.2132) and Program of fundamental research in SPbSU.
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The HIV-1 V3 loop plays a central role in the biology of the HIVenvelope
glycoprotein gpl120 as a principal target for neutralizing antibodies, and agga determinant
in the switch from the nemyncytiuminducing to the syncytiusmducing form of HIV1 that is
associated with accelerated disease progressior1Hi#I entry is mediated by the sequential
interactions of gp120 with the receptor CD4 andcaareceptor, usually CCR5 or CXCRA4,
depending on the individual virion. The V3 loop is critically involved in this process. Because of
the exceptional role of the V3 loop in the viral neutralization and cell tropism, one of the actual
problems is that oidentifying chemical compounds able to block this functionally crucial site of
gpl120. According to empirical observations, glycolipid bgdactosylceramide (betaalCer)
forming on the surface of some susceptible host cells the primary receptor fdrdidfnative
to CD4 exhibits a strong attraction to the V3 loop and, for this reason, may be involved in anti
HIV-1 drug studies. In the light of these observations, the use of bioinformatics tools for
imitating the process of making the V3/glycolipid cdengs may provide a structural rationale
for the design of efficient blockers of the functionally important V3 sites.

The objects of this study were to generate the 3D structure model for the complex of V3
with betaGalCer and, based on the calculationaddb design its water soluble analogs that
could efficiently mask the HAM. V3 loop followed by their synthesis and medical trials. To this
effect, the following problems were solved: (i) 3D structures for the consensus amino acid
sequences of the HIY subtypes A and B V3 loops were computed by homology modeling and
simulated annealing; (ii) spatial structures of b8&Cer, as well as of a series of its modified
forms were determined by quantum chemistry and molecular dynamics simulations; (iii)
supraméecular ensembles of these glycolipids with V3 were built by molecular docking
methodology and energy characteristics describing their stability were estimated by molecular

dynamics computations; (iv) synthesis of b&alCer derivatives that, accordingtte designed
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data, give rise to the stable complexes with V3 was performed, and (v) testing of these
compounds for antiviral activity was carried out. From the structural data obtained, the Phe and
Arg/GIn amino acids of the gpl120 immunogenic crest weneealed to play a key role in
forming the complexes of glycolipids with V3 by specific interactions with the galactose residue
and sphingosine base respectively. And at the same time, the sugar hydroxyl groups form the H
bonds with the nearby polar atomé tbe V3 backbone. Two water soluble analogs of beta
GalCer were also found to display a high affinity to V3 close to that of the native glycolipid.
This inference results from the values of binding free energy evaluated for the calculated
structures and aincides with the experimental data on the complexes of gpl20 with beta
GalCer. The above theoretical findings are in keeping with those of medical trials of the
synthesized molecules, which testify to their &ifilV/-1 activity against the virus subtypesafid
B isolates.

As a matter of record, the molecules constructed here are supposed to present the
promising basic structures for the rational design of novel potentlHévitry inhibitors that

could neutralize the majority of circulating indigenous ssain

Computer -Assisted Anti -AIDS Drug Development:
Cyclophilin B Against the HIV -1 Subtype A V3 Loop

lvan Anishchenkd Yurij Kornoushenkg Alexander Andriano¥

! United Institute of Informatics Problem¥ational Academy of Sciences of BelaMinsk, Belarus
anishchenko.ivan@gmail.com
Z Institute of Bioorganic Chemistry, National Academy of Sciences of BeMnusk, Belarus

The olhects of this study originated from the experimental observationstewnehe
HIV-1 gp120 V3 loop is a higaffinity ligand for immunophilins, and consisted in generating
the structural complex of cyclophilin (Cyc) B belonging to immunophilins family with the virus
subtype A V3 loop (SA/3 loop), as well as in specifying ¢hCyc B segment forming the
binding site for V3 synthetic copy of which may presentpeomisingbasic structure for anti
AIDS drug development.

To reach the objects of view, molecular docking of the -HN6A-V3 loop structure
determined previously witthé X-ray conformation of Cyc B was put into practice by Hex 4.5
program (http://www.loria.fr/~ritchied/hex/) and the immunophilin stretch responsible for

binding to V3 (Cyc B peptide) was identified followed by examination of its 3D structure and
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dynamic kehavior in the unbound status. To design the Cyc B peptide, -tlagy Xonformation

for the identical site of the native protein was involved in the calculations as a starting model to
find its best energy structural variant. The search for this most abédestructure was carried

out by consecutive use of the molecular mechanics and simulated annealing methods. The
molecular dynamics computations were implemented for the Cyc B peptide by the GROMACS
computer package (http://www.gromacs.org/).

As a resultthe supramolecular structure of Cyc B with V3 was built by computer modeling
tools and the immunophiliderived peptide able to effectively mask the structurally invariant V3
segments which include the functionally crucial amino acids of the HIV gp120envelope
protein was constructed and analyz@€igure)

Starting from the joint analysis of the results derived with those of the literature, the
generated peptide was suggested to offer a promising basic structure for making a reality of
the protein engeering projects aimed at developing the -&dBS drugs able to stop the

HIV's spread.

Figure. 3D structure of the CycB peptide generated by bioinformatics tools
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TEpredict z software for predicting T -cell epitopes:
an update
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It is well known that CD8+ Tcell epitopes play crucial role in antiviral and anticancer
immunity. Reliable prediction of CTL epitopes remains one thestmmportant goals of
immunoinformatics as accurate in silico identification of potecell epitopes could drastically
reduce materials and time consumption compared to the traditional experimental approaches of
epitope discovery. The main aim of thioik was the development of new statistical models for
predicting peptide binding to different allomorphs of MHC class | molecules to update TEpredict
software [1].

New models for predicting affinity of peptieldHC binding were constructed by means
of eithe partial least squares (PLS) regression [2] or with recently developed sparse partial least
squares (SPLS) technique, that was shown to outperform convenient PLS regression method [3].
Since the majority of known CTL epitopes have nine aminoacids in hlengbly
nonapeptide:MHC binding data, collected from Immune Epitope Database (IEDB;
http://www.immuneepitope.org), was used to build predictive models for 35 allelic variants of
HLA class | molecules.

The recently developed amino acid similarity matrix BBC, derived from
experimentally determined peptide:MHC binding data [4], was used to parameterize peptides.
Encoding of amino acid residues with rows of PMBEC matrix was found to provide better
predictive models as compared to spagseoding and BLOSUM6DPased parameterization [4].

Since results of principal component analysis and factor analysis of PMBEC matrix suggested
that amino acids could be described well wit#Y ®oordinates, the original Zfimensional

amino acid parameterization space was tansd into the set of-35 dimensional spaces by

means of mutual informatiebased independent component analysis (PearsonlCA package for
R) [ 5] or using either iPisometric multidi men:
R package MASS. All pduced scales were applied for parameterizing nonameric peptides and
the performance of corresponding PLS models was comparatively assessed.

As it was expected, the models built with PMBEC parameterization were shown to
outperform those built with sparseéyncoded peptides, but although they performed well on
testing data, these models were much more complex (as they have 180 predictor variables and
the majority of such PLS models had more than 14 hidden components) and they had less
predictive power in cas with small training datasets as compared to the models that were built
using ICAtransformed amino acid parameterization scales. All PLS models that were built with
ICA-produced scales with dimensionality > 10 were shown to slightly outperform sparse
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ercodingbased models and PMBHS@ased ones both in terms of the area under the ROC curve
(AUC) and Pearsonb6és correlation coefficient.
with ICA was almost as efficient as PMBEC and for some HLA alleles (AE2402, HLA
A*2403) resulted in more accurate predictive
some HLA alleles the most qualitatively accurate predictive models were produced using 7D
parameterization scales. AUC values, obtained by testeqy models exploiting 11D
parameterization scheme, ranged from 0.77 to 0.98 with mean and median values equal to 0.91.

Results of comparative testing of produced models and updated TEpredict software could
be found at http://tepredict.sourceforge.net/updhdiml.

1. D.V.Antonets, A.ZMaksyutov (2010) TEpredict: software forCEll epitope prediction, Mol Biol (Mosk),
44:130 139.
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Theoretical study of structural features of variola virus

CrmB protein
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Orthopoxviral TNFbinding proteins and especially wala virus (VARV) CrmB may be
used to develop novel medications for treatment of rheumatoid arthritis, Chron's desease and
other pathologies driven by TNF overproduction. The aim of this study was the theoretical
analysis of molecular mechanisms underlyinggraction of orthopoxviral TN#binding CrmB
proteins with their ligans.

Models of TNF receptor domains of VAR\And CPXVCrmB were constructed using
Modeller (9v2) software (http://salilab.org/modeller) and validated witletReok [1]. Models of
ligand-receptor complexes of VARV and cowpox virus (CPXV) CrmBs with hTNF (1TNF) and
MTNF (2TNF) were produced by superimposing corresponding molecules onto the crystall
structure of human TNF receptor | (p55) complex with lymphotoxin (1TNR). All constructed
modds were then energy minimized using either NOC (http://noch.sourceforge.net) or FoldX
(http://foldx.crg.es). Stability of ligandeceptor complexes was predicted either with FoldX or
using residudevel pairwise potentials BETM990101 [2]. Analysis of thesaedels with either
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FoldX or with BETM990101 pair potentials revealed that mTNF should bind to GEX\B

with higher affinity than hTNF. VARMCrmB was predicted to bind both cytokines with higher
affinity than CPXVCrmB; CPX\MCrmB was predicted to bind hA{R31Q) with significantly
higher affinity than wild type hTNF. Using FoldX both CrmBs were predicted to less efficiently
bind to hTNF(E127Q), than to the wild type hTNF. All these findings were then approved by
experimental evaluation of VARVand CPXVCrmB proteins ability to inhibit cytotoxic action

of mTNF, hTNF, hTNF(R31Q) and hTNF(E127Q) on L929 murine fibroblast cells. Predicted
stability of modelled ligandeceptor complexes of both CrmBs with selected TNFs was found to
be in good qualitative agreemt with experimental data. Produced models will be used for
designing mutant forms of VARZrmB with higher affinity towards hTNF.

Recently VARV CrmB protein was also shown to bind with high affinity several
chemokines which recruit-Band Flymphocytesand dendritic cells to sites of viral entry and
replication and ability to bind chemokines was shown to be associated with uniqueniGal
domain of CrmB protein [3]. This domain named SECRET (Smallpox -‘Eneoded
Chemokine Receptor) is unrelated he thost proteins and lacks significant homology with other
known viral chemokindinding proteins or any other known protein. UsirASSER server
[4], which was shown to be the best server for predicting spatial structures of proteins according
to resuls of CASP7 (CASR Critical Assessment of protein Structure Prediction) and CASP8
competitions, we obtained the model of VARIWYmMB SECRET domain. As the best template for
modelling SECRET spatial structurefASSER has chosen the structure of CPXV vCClgiro
(PDB ID: 1CQ3) belonging to the family of poxviral type Il chemokinading proteins
(vCkBPsll) which are encoded by almost all known members of Orthopoxvirus and
Leporipoxvirus genera. As other members of vCkBPsll SECRET was predicted to be beta
sardwich, composed by two parallel betheets connected by several loops and its ligand
binding surface was predicted to have prominent electronegative charge required for binding to
positively charged conservative amiaoid residues of chemokines. Thus eesults suggest
that SECRET should be included into the family of poxviral type Il chemedkimging proteins
and that it might have been evolved from the wik& predecessor protein.

This work was supported by Russian Foundation for Basic Researctt {§a04-
00055a) and by the government of Novosibirsk region.

1. R.A Laskowski et al. (1993) PROCHECK: a program to check the stereochemical quality of protein structures. J.
Appl. Cryst., 26:28B8291.

2. M.R. Betancourt, D. Thirumalai (1999). Pair patels for protein folding: choice of reference states and
sensitivity of predicted native states to variations in the interaction schemes. Protein S¢i38861

3. R.AA Alejo et al. (2006) A chemokidginding domain in the tumor necrosis factor recegtom variola
(smallpox) virus. Proc Natl Acad Sci USA, 103:598500.

4.Y. Zhang (2008)-TASSER server for protein 3D structure prediction. BMC Bioinformatics, 9:40.
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Finding and sorting out frameshifts in 1100+ prokaryotic
genomes: programmed frameshi fts,

pseudogenes and sequencing errors

lvan Antonov, Mark Borodovsk§

Division of Computational Science and EngineeriGgprgia Institute of Technology,
801 Atlantic Drive, Atlanta, GA, USA 30332an.antonov@gatech.edu
’Department of Biomedical Engiering and School of Computational Science and Enginedimgrgia Institute of
Technology313 Ferst Drive, Atlanta, GA, USA 3033rodovsky@gatech.edu

An ab initio frameshift prediction program GeneTack [1] was applied to 1,106
prokaryotic genome segnces. Overall, 206,991 frameshifts have been predicted. All genes
containing predicted frameshifts {§®nes) were conceptually translated into proteins (fs
proteins).

The fsproteins were further used as queries for the BLASTp search against NCBI nr
database to detect homologouspi®teins in other species; we also attempted to locate Pfam
domains in fsproteins. Notably, for 10,961 -sroteins both BLASTp and Pfam searches
identified homologous proteins combining translations of both sides of therbifokme, thus
the corresponding frameshift predictions were validated .

Next, a database of all-fsr ot ei ns wa sagaibstail Il t0 BridASiAd gl Isear
done in order to clump together orthologoupifeteins; as a result, the-fisoteins were growgd
into 19,666 clusters of orthologous faoteins (COFs).

Since the GeneTack performance, as assessed earlier, delivers 85.8% sensitivity and
68.2% specificity in frameshift detection, we expect that almost 1/3 of the predictions are false
positives.

Futher down the road our goals were i/ to filter out false positive predictions and ii/ to
determine a nature of true positive predictions, i.e. to classify them as ones caused by either
random sequencing error or representing a true sequence featurecatiidhnactivate a gene
(pseudogene) or be involved in gene regulation (programmed frameshift).

The fsproteins produced by recovering a sequencing error do not have homologs among
other fsproteins. Therefore100,9910f one element COFs (singletons) dilely to represent
sequence errors 5,523 of them validated by both BLASTp and Pfam.

Frameshifts that showonservation in homologous genee indicative of a conserved
frameshift mutation in the lineage. Still, false positive frameshift predictionstedel#o
adjacent/overlapping gene pairs with conservetbcation could also form clusters.
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Presence of a specific conserved motif situated close to the frameshift site is an important
feature of clusters of programmed frameshifts discriminating them élasters of fsproteins
derived from pseudogenes and from clusters of false positimefsins.

Not only a motif itself but also its phasing with respect to the reading frame is crucial for
proper functioning of a programmed ribosomal frameshift (PRRg phasing was taken into
account in a new algorithm that identifies possible programmed frameshifts motifs better than
standard motif searching algorithm, e.g. MEME.

To identify clusters of fgproteins which expression is regulated by programmed
framedifts we considered multiple features such as cluster size, motif strength and type, average
Ka/Ks ratio (indicative of pseudogenes), etc. Technically, each cluster makes a point in N
dimensional space where N is number of different features. A clugtigorithm was applied
to separate clusters offsoteins with different origin, particularly ones that require programmed
frameshifts for their expression regulation. In the results section we describe our findings of

programmed frameshifts and pseudusge and their distributions among prokaryotic species.

We would like to thank Pavel Baranov for very useful discussions of biological features
of programmed frameshifts.

1. Antonov I, M. Borodovsky (2010) GeneTack: frameshift identification in praieding
sequences by the Viterbi algorithdhBioinform Comput Bio)8(3): 53551.

GeneTackwebsite:http://topaz.gatech.edu/GeneTack/
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3D-CSD: a resource of 3D structure of catalytic sites and
predicti on of catalytic sites in proteins

by approximate sub -graph isomorphism

Seyed Shahriar ArdbMohammad Ebrahim Abbasi DezfdylNajmeh Hosseynimanesh

! School of Computer Science, Institute for Research in Fundamental Science (IPM), Tranrahahriar @ipm.ir
2 Sharif University of Technology, Electrical Engineering Department, BiSIPL (Biomedical Image and Signal
Processing Lab), Tehrarfran

The prediction of catalytic residues is a key step in understandendutittion of
enzymes and classifying them. This is a very challenging job, because an Amino Acid can
appear in a variety of active sites. The biological activity of a protein usually depends on the
presence of a small number of functional residues. lgegithese residues from the sequence
has many applications. Classically, strictly conserved residues are predicted to be functional, but
often conservation patterns are more complicated. There are a lot of algorithms to predict
functional site, but fewra available via publicly accessible application. Here, we represent 3D
CSD, a database containing 3D structure of active sites, and a tool for predicting the active site
based on spatial shape. and the type of functional residues.

3D-CSD is a database cists of information about the enzymes, related function and the
specifications of the active site in enzymes.

Proteins and active sites are represented by a connected graph G(V,E) in which the nodes
(V) represent the Gatoms of each residue and the exi(fe) of the graph are weighted with the
inverse of the distance between each two residues.

We use an approximate sgbaph isomorphism algorithm for finding the active site in
the query protein. This algorithm searches the graph model of the query podiied the active
site subgraph.

This data can be used to predict the function and the active site of a query protein. This
capability of the program can increase our knowledge about the enzymes. Also it can be used for
the hypothetical proteins thatetir structure is known with no information about their function.

The structure of these proteins has been determined -BayX NMR or even prediction
methods. This software is useful to infer the active site and function of enzymes, and also it has
many gplications in designing new enzymes.

Acknowledgements: This research was in part supported by a grant from IPM (no. CS1385
102).
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Kinetic model explains correlation between

DNA methylation and tissue -specific alternative splicing

Artem ArtemoV, Dmitri Pervouching Alexander Favordy Andrey Mironov

!Department of Bioengineering amioinformatics, Moscow State University, Vorobiovy Go+y3, Moscow
119992, GSP2 Russiaartemov@bioinf.fbb.msu.ru
’GosNIlIGentika, Moscow

There is increasing evidence that alternative splicing prowsdgsficant contribution to
the diversity of tissuspecific gene products. A number of recently emerged experimental results
support the role of epigenetic modifications and chromatin structure in the regulation of
alternative splicing. Assuming that aalst some of the splicing events occutramcriptionally,
the regulation can be explained by so called kinetic model. The kinetic model suggests that,
when spliceosome binds the donor splice site during transcription, the chromatin state can affect
the doice of the acceptor splice site by decreasing the RNA polymerase elongation rate, thereby
providing competitive advantage to thenddst acceptor splice site compared to the other splice
sites located further downstream.

In the current work we performea largescale analysis to find associations between
tissuespecific patterns of alternative splicing and tisspecific patterns of DNA methylation
that would be consistent with the kinetic model. For simplicity we chose the particular case of
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cassette eons. We observed that DNA regions corresponding to introns which follow cassette
exons tend to have higher average methylation scores compared to introns located downstream
of constitutive exons. We have shown that this effect is not due to the differedog/nstream
intron lengths, which might as well affect the lag time between splice site synthesis events. We
have also shown that higher average methylation downstream of cassette exons remains
statistically significant when compared to the average nagiby of the upstream region. The
elevated DNA methylation downstream of constitutive exons doesn't seem to be localized in any
particular region between alternative acceptor sites but is rather uniformly distributed along the
downstream intron. We alsonél statistical evidence for correlation between cassette exon's
inclusion rate and methylation of its downstream intron; however, the statistical significance of
these findings is rather weak due to lack of the daémes that contain a cassette exoloveéd
by a highly methylation intron tend to be classified as being involved in regulation of biological
process (GO:0050789) and developmental processes (GO:0032502)

Taken together, our results support the kinetic model for regulation of alternativiagpli

by changes in chromatin structure resulting from tisspecific DNA methylation.
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Multiple structural alignment of |/ hydrolase -fold enzymes and

bioinformatic analysis of catalytically important residues

Vladimir Arzhanik, Eugeny Kirilirf, Dmitry SuplatoV, VWtas Svedds

'Faculty of Bioengineering and Bioinformatics,MSU, Russian Federagigmanik_work@mail.ru
“Belozersky Institute of Physicochemical Biology MBussian Federation
* Correspondinguthor- vytas@belozersky.msu.ru

Comparative bioinformatics is the cornerstone of computational approaches to
understanding structwfanctional relationship in enzyme¥he members ot/b hydrolasefold
superfamily represent a functionally diverse group of enzymes with common structural
organization that appear to have lost sequence similarity during natural selection and
specialization from a common ancestor. At the same time theweagite structures in general
remain conserved while other parts may largely difleris therefore expected that three
dimensional alignment will provide more significant clues to protein function, properties and
evolution than sequence alignment aloRere we report the largest so far multiple structural
comparison ofdb hydrolasefold superfamily enzymes and analysis of catalytically important
residues considering distribution of amino acid types among enzymes with different catalytic
properties.

A computer algorithm has been developed for {tigbughput structural amparison of
homologous enzyme£omparative analysis of the most functionally significant parts of enzyme
structuresi the active sitesi is suggested as a source of new understanding of structure
functional relationship it/ b  h y dQn thé fiass sips library of active site structures bf/ b
hydrolasesi amino acids involved in catalysis together with residues forming the active site
cavity and thus potentially involved in mechanical aspects of enzyme behavior by interacting
with the substrate oratalytic machinery was created using previously reported procefilye
Then a representative set of structures as the basis for comparison of distinct subfamilies was
selected using 95% sequence similarity threshold. On the next step a superimp@driowas
created from pairwise comparisons of representative structures. Finally, amino acid positions
conserved between the structures were determined and clustered to form the common core
alignment.

Mul ti pl e a l-hydrolase superfamify wds /crieated on the basis of 238 non
redundant structure set of enzymes with lipase, esterase, hydroxynitrile lyase, epoxide hydrolase,
peptidase, dienelactone hydrolase and dehalogenase activities. Tottheduesknowledge this

is the largest structural alignment of the superfamily reported soCfamparative analysis
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revealed a major structural similarity of active site regions while the most significant fit was
observed near the catalytic triad residuékile catalytic His was found to be conserved among
al | -hydidlase enzymes, the nucleophile and catalytic acid were identified as subfamily
specific positions residues with a tendency to be conserved only within subfamilies of enzymes,
but different letween subfamiliesNucleophile position can be occupied by Ser, Asp or Cys. Ser
was found to be common for the majority of activities explored. Asp is considered as stronger
nucleophile compared to Ser and contributes @ ®action mechanism of epoxitigdrolases

and dehalogenases. Dienelactone hydrolases have Cys as a nucleophile due toasfisteate
catalysis, where a functional group in the substrate controls the protonation state of the
nucleophile. Catalytic acid was found to be representefispyor Glu. Asp was shown to be the
most common in this position, while Glu was found in acetylcholine esterases and some

carboxypeptidases. Role of this substitution yet remains unknown. It was shown, that the origin

of catalytic acids is not always homgbusi i n t he maj ority of struct

sheet, though in 15% of casesfoiltd. car okeei hsun

hydrolase fold that do not have reported enzymatic activity like gibberellin receptors, cell
adhesion prains, signaling proteins etc. were also considered. It was shown that catalytic triad
positions are occupied by residues that do not support catalytic activity, like Gly in nucleophile
position or Val in place of a catalytic histidine.

This work was suppot ed by Russian Ministry of Sci
02.740.11.0866)

e
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HFE haplotypes: enigmas of multiple isoforms.

Vladimir Babenko Svetlana Mikhailova, Aida Romasafko

Institute of Cytology and Genetics, Russian Federatiob@bionet.nsc.ru

HFE (OMIM: 613609, 612635) is required for normal regulation of hepcidin synthesis in
liver and hepcidirmediated iron export from meaphages, enterocytes, and hepatocytes (Makui
et al., 2005).

In our previous study (Mikhailova et al., 2010) we concentrated on snp haplotypes
referring to the second haploblock from the two total encompassing the gene.We analysed the
distribution of HFE haplotypes across various indigenious as well as contemporary populations
of Russia. The dramatic variance of haplotype frequences was found, featuring distinct Asian
and European haplotypes pattern that is confimed by HapMap data (www.hapmap.orgg On t
other hand, the multidude of HFE isoforms (13 Refseq entries) are observed and the range of
them confirmed experimentally (Martins et al., 2011). Analysis of haplotype pattern points at
their putative linkage to the isoforms frequencies implying teplicingspecific effect.

Current work is devoted in further research of HFE expression specifics by means of
auxilliary data sources namely:

a) Affymmetrix exon chip data
(http://www.affymetrix.com/products_services/research_solutions/methodgmgexpression
altsplicing.affx). We found out that exons 2 and 4 are the most variable ones considering
expression across 11 tissues . Another point was that long as well as short isoforms are
expressed depending on the tissue. It complies with cuerpetrimental evidence (Martins et
al., 2011).

b) ENCODE histone modification University of Washington and Broad Institute data
(www.encode.org).

We checked the chromatin state profile within the gene in 8 tissues and observed distinct
chromatin state f@ern which could accommodate in alternative splicing outcome. In particular
the H3K4Mel histone modification enrichment encompasses haploblock 2 in aitispeeific
manner, that is, it was observed in GM12878 cell line only, peaking in the vicingyoof 4
upstream region in this cell line possibly implicating termination site markup for the soluble
isoform (Martins et al., 2011). A sharp increase has been observed in the downstream region of
exon 1 in K562 cell line. H3K4Me3, the promotssociatedhistone mark, peaked at the
original TSS. H3K36Me3 is observed over the whole gene body in arspemific manner.
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Overall, we conclude that haplotype blocks in case of HFE correlate with distinct
chromatin states, which may afford HFE expression insadispecific manner. In turn, specific
chromatin marks exons as was previously reported in (Schwartz, Ast, 2010), stressing in this way
the chromatin implication in splicing. Further experimental verification is underway to assess the
degree of chromatimrmplication in HFE expression.

The work is partly supported by RFBR grants-(4t012060Q and SB RAS integration
grant N115.
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Non-Coding RNAs: The Cell's Dark Matter

Rolf Backofen

University of Freiburg, Germanypackofen@informatik.urireiburg.de

During the last few years, a multitude of regulatory-noding RNAs (ncRNAs) have
been discovered. Many of these act as-prasiscriptional regulators by base pairing to a target
MRNA, causing mMRNA cleavage or translational repression or activation. Weliggliss two
problem related to ncRNA.

The first task is related to the problem of detecting and classifying ncRNAs. The main
basis for this task are comparison methods that are based on both sequence and structure to
determine conserved RN#otifs, and wewill dicuss problems and approaches related to this
problem.

The second taks is the computational detection of possible targets since experimental
verification of targets is difficult. Many existing target prediction programs neglect intra
molecular bindng, while other approaches are either specialized to certain types of ncRNAs or
too slow for genomevide searches. We introduce a new fast and general approach to the
prediction of RNARNA interactions incorporating accessibility of target sites as wethas
existence of a usatefinable seed. We further discuss approaches that can handle more complex

RNA-RNA interaction structures.
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Dynamics of amyloidogenic peptide oligomers
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The formation of amyloid fibrils has been associated with a large number of pathological
conditions.Study of amyloid fibrs is of interest not only from therapeutical point of view but
also from an intellectual point since nearly all the proteins can form amyloids, under some
conditions or other. Various aspects of fibril formation and their dissociation into monomers /
oligomers is being studied and one of these aspects is the nucleation step. The formation of a
6critical nucl eusd i s the rate deforrmedonticali ng <
nucleus, or seeding, is known to accelerate fibril formatioe. qrestion is what is the structure
of the critical nucleus? Experimental methods often are not able to provide atomic level details
and dynamics of the critical nucleus since they have a very shoiif@alfolecular dynamics
simulations have been usexktensively to bridge this shecoming. In the present study, the
dynamics and stability of priermed aggregates of an amyloidogenic peptide has been
investigated by molecular dynamics simulations. Severalfggreed aggregates, which differ
from each dter in their zwitterionic status, size, topology and organization have been simulated.
The total duration of the simulations is 3.4 microseconds. The data leads to the inference that the
critical nucleus need not be a single species, but instead a heeoganixture of oligomers
differing in their size and the way peptides are arranged with respect to each other. It is observed
that irrespective of whether the termini are charged or neutral, the-lmetsstrands adopt a
twist which gives the fibrils # characteristic screw symmetry. Stabilization of the oligomers
can be either through the side chain interactions (e.g., by forming double layers) and/or by the
interaction of the termini, in addition to the main chain hydrogen bonds. It is also fourtdethat

aggregates can dissociate in many different ways.
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Gene expression profile of the tumor as a composite biomarker

Ancha Baranova Wang Lef, Alessandro Giuliadj Ganiraju Manyath
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To date, the quantification of the diagnostic and prognostic biomarker molecules in the
human serum and tissues remains the primary
predict and detect cancer before it spreads and to predict the owtdmatment. Importantly,
with innumerable molecular markers in development, the discovery of novel standalone markers
with acceptable sensitivity and specificity is an extremely rare event. The ideal molecular marker
would be one that is inherently reddt to the process of tumorigenesis or to the defense
mechanisms of the individual. However, the same traits of sensitivity and specificity may also
allow biomarker molecules to serve as tumor antigens and in such case one would expect that
expression of sth molecules would be rapidly eliminated in the evolutionary processes within a
tumor cell population.

The conventional method to overcome the problem of relatively low sensitivity and
specificity of newly discovered biomarkers is to combine them intovhiker panels. However,
in many cases these biomarker panels suffer from relatively low reproducibility of results in
independently collected sets of samples. This is especially true for the mRNA biomarkers
identified by microarray experiments. Here we ltdhage the biomarker paradigm by developing
a distance measure between the entire gene expression profile of a tumor and the center of the
space occupied by normal sampl&8e alsointrodue a innovative concept of the distance
measure between given exmsiEm profile and the center ofdimension space occupied by the
set of reference samples with normal (or standard) histology. This novel concept allows one to
depart from the classical twmi n pr edi cti on model (e. g. Abad
produces a continuous prognosis model, where each sample is located in the neighborhood of
other samples analyzed pdwic and associated with known survivelere we show that the
whole-transcriptome genome based distances calculated Beagson correliain coefficiens
provide easy visualization of the relative degree of the malignancy characteristic for studied
samples. In all studied datasets, on average, tumors were further awdherdlormal Sample
Spacethan the paired samples with normal histgloghe distance analysis demonstrated
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remarkable behavioral invariance observeéighteenndependent tumor data setsd provided

a robustvalidation of this approach.

Normal esophagus | Sample chart depicting results of the

distance analysis for normal, pre-

Pre-malignant Barrett’ esophagus
malignant and malignant samples of

e

Esophageal carcinoma |

esophageal origin
0 1

The conceptof distance analysiss not limited to cancer as it could be geheed to
guantify the departure of any given sample from its reference set, i.e. tissue sample of aged
persons from reference of naged, samples of insulin resistant tissues from normally
functioning tissues, and even model cell lines that drift awam fitee standard phenotype. If
successful, this unconventional approach will shift the tumor biomarker paradigm from
expression biomarker panels associated with low reproducibility, to the distance analysis of
robust molecular portraitdVe also foresee thepplication of the distance analysis method as a
novel technique for the direct evaluation of the departure of a particular batch of model cell line
from its original phenotype, thus, replacing the commonly used STR analysis that is sensitive to
the genett, but not to the epigenetic changes in cell lines rapidly acquiring novel chromatin
aberrationsn vitro. The proposed distance analysssversatile in its application as it will be
equally attributable to gene expression profiles collected both by anrens and by RNAeq

platforms.
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Fitness landscape, the function which relates fitness to genotype, can be visualized as
isolated peaks separated by valleys. One of the interesting questions in aaojutimlogy is
whether it is possible for evolving organisms to overpass valleys of low fithess variants to
achieve high fitness. For mitochondrial tRNA, it was shown that double substitutions leading to
a WatsonCrick switch in complementary pairs at rsteegion are strongly correlated, and the
intermediate variant appears only at low frequencies (1).We study an analogous effect in protein
coding sequences. Comparison of codons that differ between two species (2) or two individuals
of the same species (&} two norsynonymous nucleotide sites showed that both substitutions
often occur in the same linage. Here, we use the polymorphism of 162 lines of D.melanogaster to
analyze the polymorphic codons separated by two nucleotide substitutions. When these two
codons encoded the same amino acid (serine), the intermediate variant was observed in 17% of
sites, while it was expected at 38% of sites, implying selection against the intermediate variant.
For other pairs of nonsynonymous substitutions, the relatinesbes of the two amino acids are
generally not known. Nevertheless, we could assess how the frequency of the intermediate
variant depended on the absolute differences in amino acid properties between the three variants.
When the two amino acids separateyl two nucleotide substitutions were similar, and the
intermediate variant was different, the sites with the intermediate variant were rare. Conversely,
when these two amino acids were different, we observed the intermediate variant more
frequently. Nextwe used the codons of D. simulans and D. yakuba to reveal the ancestral state
for the twosubstitution codons. We found sites where the ancestral and derived amino acids
occur simultaneously, and counted the fraction of sites containing the intermealitit.\WVe
found that part of substitutions, which happen without intermediate variant at all, is equal for
exons and introns. So, tunneling effect is not specific for exons. But among sites with ancestral
and derived amino acids we can see intermediateiva n t in 12% of exonso
22% of sites in introns. Therefore, in exons, the second substitution follows the first one faster
than in introns.
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Phylogenetic utility of the low -copy nuclear gene LFY intron 2 in
plant molecular phylogenetics a s exemplified in

Astragalus (Fabaceae)

LS§szI| -' BNrtbh'ae ADt a b @k MDY bnoSrf  St. a mk -

! B a b-Rokyai University, Str. Republicii, nr. 44., 400015, GNgpoca, Romanidaszlo.bartha@ubbclujro
University of DebebeecemiHungdygyetem t®r 1., I

Section Dissitiflori of the diverse genusstragalushas several European members with
conservational interest. Nonetheless, the phylogenetic relationships in general are scarcely
known in this section. Our recent molecular survvayilizing the multicopy plant phylogenetic
marker nuclear ribosomal internal transcribed spacer (nrITS) régionnd evidence for intra
individual polymorphism that hindered straightforward phylogenetic reconstruction. This was
probably due to the polyploidature of our target species, which can give rise to concerted
evolution, intraindividual recombination, and unequal ger@nversion. On the other hand, our
results hint at ancient hybridization in the group, which requires usage of nuclear regions. The
object of this study was to test the phylogenetic utility of the-tmpy nuclear gene LFY"2
intron for determining phylogenetic relationships in European taxa of the gstmagjalussect.
Dissitiflori. Since lowcopy genes are thought not to be susbéptio the abovementioned
disadvantages of multopy genes, it gave promise of an alternative to the more conventional
nriTS.

Taxon sampling included two subspeciesAofvesicariuss. str. A. pastellianusand A.
albidug, A. variusandA. asper plusOxytropis pilosaas outgroup. Forward and reverse primers
were designed using the Fabaceae LFY exon 2 and exon 3 sequences found in GenBank. An app.
470 bp long region spanning from the end of exon 2 through the efffirentton to the
beginning of exon 3 as PCRamplified and cloned. Clone sequences originating from a single
specimen were firstly aligned by ClustalW in distinct matrices and every sequence type was
retained in one representative/specimen. Retained sequences were then combined and aligned in
a final matrix, on which phylogenetic tree reconstruction was based in Paup4.0b* using
Maximum Parsimony criterion. Tree reconstruction worked with 561 characters of which 29
were parsimomynformative. Statistical support for branches was assessed via ddifistrap
pseudereplication.

A heuristic search (TBR brandwapping; AccTran optimization; gaps missing) found one

61




Moscow Conference on Computational Molecular Biology
July 21-24, 2011

single most parsimonious tree at length 92 (Cl = 0.9457, HI = 0.0543, RI = 0.9375), shown with
bootstrap values in our figure. The twoimaubtrees has clearly shown similar topologies, the
only difference between them was the laclkohtlbidussequences from one subtree.

A pasteliianuss 2{1)_MtPastsllo(lt)

gg 7 |A.albidus5 1(5)_Apahida(Ro)

A.albidusS 3(4)_Apahida(Ro)

A pastelianus2 5(3)_Vinschgau v.(It)

Avarius5.2(2)_Agigea(Ro)
99 8 |: Aasper3 4(2)_Fuini(Ro)
A asper3 6(1)_Puini(Ro)
ﬂr A pastellianus2.7(3)_Vinschgau v.(It)
4.5 A pastellianuss 3(6)_Mt Pastello(it)
Avarius5 4(3)_Agigea(Ro)

agg Ij A asper3 3(2)_Puini(Ro)
A.asper3.10(2)_Puini(Ro)

Oxytropis pilosa
100

The cloned LFY intron 2 sequences have provided a robust insight into the phylogeny of
selected species of thestragalussection Dissitiflori. It was evident that copies of the LFY gene
belonged to two main gerwusters representing either an ancient allopolyploidization or a
duplication event. Notwithstanding, it has provided a clearer picture than nriTS, theitedare,
represent an alternative to nriITS in cases where the disadvantageous features of the latter
challenge phylogenetic reconstruction.

This work was partially supported by a PhD scholarship (to L. Barthdinaoced by the
European Social Fund througthe Sectoral Operational Program for Human Resources
Development 2002 013 ( POSDRU/ 88/ 1.5/ S/ 60185) . The wor
NKTH-OTKA-EU FP7 (Marie Curie action) ebunded o6 MOBI LI TY-MBO&A ant (r
80332).
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Biomarkers of aging and a ging-related pathologies
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150,000 people die every day, two thirds of which die formratgted diseases. The
main reasons of death are associated with cardiovascular diseases, diabetes, cancer, lung disease
and neurodegenerative pathologies. Any nodgielg against ageelated diseases has a huge
market. However, there is no significant success in this area and the main reason for that is the
lack of an exact system of effective biomarkers of aging anehggeciated pathologies.

Any interventions (gem engi neeri ng, phar macol ogi cal ,
the full extent in the absence of methods for evaluation of their effectiveness. Therefore, it is
necessary to search for exact biomarkers of aging and methods to evaluate individual biologica
age, search for biomarkers to analyze epidemiological factors -otkged diseases.

Therefore, it is essential to systematization of potential biomarkers of aging, evaluation of
their clinical effectiveness and development of mathematical tools dédyzamg their impact.

The underlying processes of aging happen on the molecular (reactive oxygen species,
protein crosdinks, DNA strand breaks, epigenetic changes, endocrine shift), cellular (protein
aggregation, mitochondrion dysfunction, lysosomasdfuhction), tissue (cellular senescence,
apoptosis, senescenassociated secretory phenotype) and systemic (immunosenescence,
endocrinosenescence, chronic inflammation, regenerative capacity decreasing) levels. Changes
associated with this phenomena dteere truncation, advanced glycation -gmdducts,
amyloidosis, lipofuscin accumulation, NdB activity increasing, gene expression alteration)
play a key role in development of ageated pathologies (cataradgenile systemic amyloidosis,
Alzheimer's dsease, cancer, brown atrophy of the heart, atherosclerosis, thrombosis, vascular
dementia, heart failure, obesity, type 2 diabetes mellitus, arterial hypertension, chronic kidney
failure, autoimmunity, sarcopenia, immunodeficiency) from one hand, and seeye as
biomarkers of aging processes and effectiveness of geroprotective interventions on the other
hand.

The report represents the chart of relationships between-agsaogiated phenomena,

potential biomarkers of aging and aggated diseases.
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Detecting past positive selection

through ongoing negative selection

Georgii Bazykin, Alexey KondrashoV

YInstitute for Information Transmission Problems of the Russian Academy of Sciences (Kharkevich Institute),
Russian Federatiomgbazykin@iitp.ru
2University of Michigan, United Statelspndrash@umich.edu

Detecting positive selection is a challenging task. We propose a method for detecting past
positive selection through ongg negative selection, based on comparison of the parameters of
intraspecies polymorphism at functionally important and selectively neutral sites where a
nucleotide substitution of the same kind occurred recently. Reduced occurrence of recently
replaced acestral alleles at functionally important sites indicates that negative selection
currently acts against these alleles and, therefore, that their replacements were driven by positive
selection. Application of this method to the Drosophila melanogasteaden shows that the
fraction of adaptive amino acid replacements remained ~0.5 for a long time. In the Homo sapiens
lineage, however, this fraction drops from ~0.5 before the Ponginagninae divergence to ~0
after it. The proposed method is based orrsasly the same data as the McDonr&lekitman
test, but is free from some of its limitations, which may open new opportunities, especially when

many genotypes within a species are known.

Analysis Of Genome-Wide Association Data In Chronic Sciatica
Pain Cohort

Inna_Belfef, Feng D&

'Department of Anesthesiologyniversity of Pittsburgh, 3550 Terrace St, Pittsburgh, PA 15261,
belferi@upmc.edu
%Yale Center for Analytical Scienc&90 George Street, Suite 598w Haven, CT 06511
feng.dai@yale.edu

Aim of Investigation:Recent genomevide association studies (GWAS) in humans have

revealed novel genetic variants associated with disorders such aslatgd macular
degenerai o n, Crohndés di sease, cancer, di abetes,
published GWAS, only one study was related to human pain (acutsyrgstal pain[1]). To

take advantage of recent advances in geapping technology and hopefulfil the obvious
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researcHag of pain genetics, we executed a genevige scan to identify genetic variants
associated with chronic sciatica phenotype (summed pain score over one year after the surgery)
in the sample of Maine patienig].

Methods: First, genotypes determined with the Affymetrix SNP 500k chip were called
using the Affy BRLMM algorithm. For data quality check, we removed individuals who have a
genotyping rate of less than 95%, SNPs that have less than a 95% genotyping rate, SNPs that
have aminor allele frequency (MAF) of less than 1%, or SNPs that fail the HW test with p <
0.00001. A total of 301286 SNPs were retained for final analysis of 177 patients with chronic
sciatica pain.

The initial GWA data was analyzed for additive genetic mdualeffitting a regression
mo d e | in which sex, age, SF36 _GH, baseline w
surgery were included as covariates. Possible population stratification in patients was assessed
by both genomic control and multidimeosal scaling analysis using abundant generee
SNPs.

Results: Our initial analysis suggested that several SNPs were associated with chronic
sciatic pain. Top five significant SNPs are rs4146308 (chr 15), rs48887298 (chr 15), rs10953178
(chr 7), rs7184462 (chrl6) and rs11230889 (chrll) with-wadue at least less than 2.8 x-30
rs4146308 showed the strongest association with chronic pain (p = 1-8)x [hOMaine cohort,
homozygotes for the rare AAO0O al |l el escomfthant hi s
homozygotes for the common AGO all ele and he

Perspective:More advanced analysis such as haplotype analysis, testing for gene x gene
interaction, and copyumber variation analysis are being investigated by researchers; with
replication analysis in other cohorts is currently being planned.

Acknowledgementstinited States Cancer Pain Relief Committee. We also appreciate the

great leadership from our late colleague Dr. Mitchell Max.

1. H. Kim, E. Ramsay, H. Lee, S. Wahl, R.A.ddne (2009)Genomewide association study of acute post
surgical pain in human®harmacogenomic®:171-179.
2 SJ. Atlas, RA. Deyo, RB. Keller, AM. Chapin, DL. Patrick, JM. Long, DE. Singer (1996) The Maine

Lumbar Spine Study, Part Il-ylear outcomes of surgical and nonsurgical management of sciiice 15:1777-
1786.
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Systems Biology and Synthetic Bioengineering for Bioenerg vy
Applications

Alexander S. BeliagyAllan Konopkd, Grigoriy Pinchuk Mary Liptorf, Thomas Squiéy
Aaron Wright, Thomas Metz Jennifer Reed Matthew Posewifz and Donald Bryafit

'pacific Northwest Natinal Laboratory*, Richland, W/Aslex.beliaev@pnl.gov
2University of Wisconsin, Madison, WI
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The challenges to solar biofuel production are fundamental in naidrara associated
with the inherent complexity of photosynthetic metabolism. To achieve the goal of economic,
large-scale generation of biofuels, practical engineering and fundamental microbial physiology,
biochemistry, and genomics must be reconciledniprove rates of photoautotrophic biomass
productivity and the specific content of desired products. These challenges are fundamental and
require profound knowledge of biological systems. This is where a viable solution will require a
crosscutting apprach that not only leverages the availability of new genomic tools and
engineering principles but also takes advantage of the systems biology suite of approaches to
interrogate the genetic and functional diversity at an organism and community levelguiritse
a shift of emphasis from Ade novood synthesi :
which will identify and manipulate the properties of a system as a whole and, which in a
biological context, may greatly differ from the sum of the parts' gntogs. Our concept for
developing viable technologies for bsmlar production of higllensity fuels involves platforms
beyond those used traditionally for metabolic engineering and synthetic bioiagy (
Escherichia coli Saccharomyces cerevisjaeThe reason for this is relatively simpli
engineering biological systems for environmental and industrial processes relevant to bioenergy
missions will require biological systems with capabilities and adaptations that cannot be readily
engineered into traddnal platform organismsj.e., photosynthesis, extracellular electron
transfer reactions, adaptation to extremes of temperature, salinity, pH, solvent concentrations,
etc.

To that end, thd).S. Department of Energgiofuels Scientific Focus Area (BSFAgt
Pacific Northwest National Laborato(f’NNL) conducts fundamental research on cyanobacteria
with specific emphasis on pathways of carbon, nitrogen, and redox metabolism that consume
reductant and conserve energy produced by photosynthetic light reactitime longterm

objective of the PNNL BSFA is to develop a predictive understanding of metabolic subsystems
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and regulatory networks involved in solar energy conversion to biofuel precursors or products.
Toward this goal, we are conducting systewel aalysis of modules involved in
photosynthetic energy conservation and reductant generation;a@@mulation, fixation, and
reduction; biosynthesis of metabolic intermediates and monomers; and macromolecular
synthesis. The gathered information is integpglainto genomescale metabolic reconstructions to
understand metabolism qualitatively and quantitatively through a condiesat flux analysis.
When coupled with methods for the reconstruction of regulatory networks from transcriptomic
data (and, as wéook forward, proteomic data on pesanslational modification of enzyme
catalysts and transcription factors), this approach can provide experimentally testable predictions
of: (i) fluxes to energy and reductani,) (reductant partitioning to carbon raéblism and other
sinks, and i{i) analysis of anabolic and biosynthetic pathways that lead to macromolecular
synthesis. The BSFA research embodies both scientific and technical tasks and builds on
PNNLOGs expertise i n S y st e msgenolmicsp protepmics, amd cr o
metabolomics. This presentation discusses approaches for designing of novel pathways and
cellular functions through genetic and metabolic engineering and summarizes the current
progress in developing alternative engineeringf@ies for highdensity fuels production.

*PNNL is operated for the DOE by Battelle Memorial Institute under Contract DE
ACO06-76RLO 1830. Battelle Memorial Institute is ABO Corporate Member.
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RNA molealles are involved in mostiological processes and being able to predict their
structure is key in the understanding of their function. Recent efforts in RNA structure prediction
techniqgues have shown that parameterized energy functions and knowéessgHechniques
largely improve the accuracy of structure predictibh For protein folding, knowledgbased
(KB) potentials have been develop] 3]. Most of these are based on Potential of Mean Force
generated from distance distributions between atoms and can be used to score and refine protein
structures. Dueot the previous lack of available RNA 3D structures, KB potentials were just
recently adapted to RNA molecules. We recently showed that they can be accurately used for
screening both at atomic and coagsained representation leve#y.

To obtain a KB potential, a PMF is derived fromtdigce measurements based on an

energy function model first described by Samudrala and M8LItThe potential b&teen atoms

(d; )) where % is the distance betweénand

ef

i and | is written as :E = - kTZ In(P,.(d,)/P
i

Roddi) g Per (05)

J , Tis the temperature (taken to be 300 K) &ritle Boltzmann conant. and

arethe observed and reference probabilities respectively for the Atamd i
Pood;) Per ()

binning distancesThis binning calls for an interpolation function to evaluate the energy and be

Obtaining and is not an easy task. Theyeausuallycomputed by
able to differentiate the energy function to perform refinement and molecular dynamics using
KB potentials. The bin size has an effeatthe prediction as described&j.

In this study we show that the use of Gaussian Mixture Models (MM) allows an accurate

description of Pood;) P (d;)

and . We can then derive efficient energy functions using various
techniques: Kernel Deitg Estimation (Standard and Simplified), Expectation Maximization
based andirichlet Process Mixture Mods! Using an iflab MM library [6], we compare the

fitting to the data for these three techniques and show their performance for scoring RNA decoy
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3D structures. We also show that using MM, it is possible to provide differentiable energy

functions suitable for molecular dynamics experimment
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Predicting copy nhumber alterations and structural variants

using-paired end sequencing data
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The detection of structural variants (SVs) in the human genome plays an important role in
the understanding of many genetic diseases, including cancer. In cancer, tumor suppressor genes
can be deleted or mutated, whereas oncogenes can be amplifradtated with a gain of
function. Translocations can result in cancausing fusion proteins (BCR/ABL fusion in CML,
BCL1/IGH in multiple myeloma, EWS/FLI1 in Ewing sarcoma, etc.)

With the arrival of new higithroughput sequencing technologies, our curppower to
detect SVs has significantly improved. Genomic breakpoints of large structural variants (i.e.,
translocations or large duplications and deletions) can be identified using two complementary
approaches: calculation of copy number profiles (CN®s)d anal ysi s o 6di s
paired/paireeends mappings (PEMs).

Investigation of CNPs allows identification of genomic regions of gain and loss. There
exist two frequent obstacles in the analysis of cancer genomes: absence of an appropriate control
sample for normal tissue and possible polyploidy. We therefore developed a bioinformatics tool,
called FREEC [1], able to automatically detect copy number alterations (CNAs) without use of a
control dataset. FREEC normalizes copy number profiles usingmapgability and G&ontent
and then applies a LASSRased segmentation procedure to the normalized profiles to predict
CNAs.

For PEM data, one can complement the information about CNAs (i.e., output of FREEC)
with the predictions of structural variants (§Vimade by another tool that we have developed,
SvDetect [ 2]. SvVDetect finds clusters of o0di ¢
reads inside the clusters (orientation, order and clone insert size) to identify SV type. SVDetect
allows identifcation of a large spectrum of rearrangements including large insededesons,
duplications, inversions, insertions of genomic shards and balanced/unbalanced intra/inter

chromosomal translocations.
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Here we present a package for automatic intersecidfREEC and SVDetect outputs
that allows one to (1) refine coordinates of CNAs using PEM data and (2) improve confidence in
calling true positive rearrangements (particularly, in ambiguous satellite/repetitive regions).

Both SVDetect and FREEC are compddi with the SAM alignment format and provide
output files for graphical visualization of predicted genomic rearrangements.

Funding The Ligue Nationale contre le Cancer (V.B., A.Z., E.B.-lLJand O.D. are
members of a labeled team).
1.V. Boeva etla(2011) Controffree calling of copy humber alterations in desggiuencing data using Gontent
normalizationBioinformatics,27(2):2689.

2. B. Zeitouni et al. (2010) SVDeteca bioinformatic tool to identify genomic structural variations fromegeend
nextgeneration sequencing daBaginformatics,26: 18951896.
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Here we present a novehylogenomicmethod of genomé&ee construction on the basis
of gene lengths of orthologous gemagesented irtompletely sequenced genomespobkayotic
organisms using Clusters of Orthologous Group©Gs). Every single element of our input
data is amedianprotein lengthrelated toa pair(COG, genome). In principle, the method is so
fast thatinput datamay consist of median protein lengths reldtto thousands a€OGs and
hundred of genomesClustering is performedsing an application of the information bottleneck
method for unsupervised clustering.

Two main strategiesn the field of a species treghylogenomic reconstructiowere
developedto this end the supertree and the supermatfxe group of the supermatrix methods
is associated with a Boolean matrix basedtlmn presence and absence of géamailies in
genomesEven thoughhe method we presehereis closely related to a group okthods based
on the presence and absence of geibeses the information related to the lengths of genes, and
this addition makes significant difference.

In introducing a novebkupermatrixphylogenomic method, we have had several primary

goals.
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1 First, to propose a fast method that allot® use of whole proteomecharactersfor
reliable construction of genome tre®¢e show that the method is fast and reliable, indeed.
1 Secondo showthe robustness of thproposedalgorithm. For robustness evaluatiove
appliedjackknife technique to input datdhe aim of this approach is to show that tree structure
based on differensutsets of COGs is sufficiently stabléVe have conducted extensive
experiments to validate the performance of bootstrapping andnjngkin orderto estimate
how robust the phylogenies produced thwe proposed methodologgre. These experiments
show that randomization as part of the bootstrap procedure substantially decreases stability of the
obtained trees and that jackkng is vey useful to determine the confidence level of a
phylogeny.
1 Thirdly, to revealthe phylogenetic nature of these tremsthe basis of a few empirical
case studiesWe demonstrate that a selected small group of genomes is distributed reasonably
along a prduced phylogenetic treeAlthough our comprehensive genome clustering is
independent of phylogenies based on the level of homology of individual genes, it correlates well
with the standard Atree of | i f eThis, togekeewlith on s e
successfuljackknifing for the determination ofonfidence leved signifies that the method may
be truly classified as phylogenomM/e have alsaexaminel several of the methodological issues
involved in going from a large sequence database tseable phylogeny. In particular, we
integrate (semi) automated solutions to rogue taxon identificatiand jackknifing
measurementsf tree stability in a single study to examine the phylogenetic signal contained in
large sparse supermatrices.
1 On the basis of a few empirical case studies, wended to fixthe parameters of the
method. We considered three parameters to choose the most appropriate values of the
parameters. (1) Abootstrapping parametedhat designates a fraction adndomly resampling
coumns (COGs) of the input datas€R) A jackknifing parametethat designates a fraction of
randomly deleted columng3) A preprocessing parametéthreshold) to consideonly those
columns of the supermatrix containing more elements than a certaimollokes

To summarizewe are confident in our proposab constructprokaryotic phylogenetic
trees using the fast and reliable method described in this manuscript with parameter values equal
to 156 of the maximal COG sizéor the preprocessing parameter agual to 80% for the

jackknifing parameter
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Biological Networks
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Despite recent improvements in molecular techniques, biological knowledge remains
incomplete.

Any theorizing about living systems is therefore necessarily based on the use of
heterogeneous and partial information. Much current reseasHdeussed successfully on the
qualitative behaviors of macromolecular networks. Nonetheless, it is not able to take available
guantitative information such as tirseries protein concentration variations into account.

The present work proposes a proliabc modeling framework that integrates both kinds
of information. Average case analysis methods are used in association to Markov chains in order
to link qualitative information about transcriptional regulations to quantitative information about
proten concentrations. The approach is illustrated by modeling the carbon starvation response
in Escherichia coli.

Its use accurately predicts the quantitative iBeeies evolution of several protein
concentrations by using only discrete gene interactioowledge and very few quantitative
observation on a single protein concentration. From that, the modeling technique also derives a
ranking of interactions with respect to their importance during the considered experiment. Such a
classification is confirmedy literature knowledge. Therefore, as a main novelty, our method
permits (i) to integrate few quantitative information into an existing qualitative discrete model
and derive new quantitative predictions, (ii) to precisely quantify the robustness arahcel@y
interactions with respect to phenotypic criteria, and (iii) to extract the key features of the model

and design some new experiments.
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The entry of the human immunodeficiency virus (HIV) into humallsds a multi step
process involving binding to one of the eslirfface coreceptors CCR5 or CXCR4 (1). The
binding site of the coreceptor is partially located in the third variable region (V3) of gp120 viral
protein (2). Whether a virus can bind to CCR#yqRS5 virus), to CCR5 and CXCR4 alternately
(dual virus) or to CXCR4 only (X4 virus) is determined predominantly by the sequence and
structure of this region. The phenotype related to the virus coreceptor usage is termed viral
tropism. While in the ear]yasymptomatic stages of infection mainly R5 viruses are observed,
progression to AIDS is often correlated with the emergence of X4 viruses (3). The relationship
of HIV tropism with disease progression and the recent development of-GIG&Ng drugs
undescore the importance of monitoring virus coreceptor usage. As an alternative to costly
phenotypic assays, computational methods aim at predicting virus tropism based on the V3 loop
sequence and on its structure?¥ The major drawback of the binary segce representation is
the limited insights it offers into the physicochemical properties of amino acids and their spatial
arrangement in the binding site that determine coreceptor binding.

Here we present a structural descriptor of the V3 loop encobegliysicochemical
properties of the loop together with their locations on the protein structure. We map 54 amino
acid indices representing the physicochemical properties of amino acids onto the V3 loop
structure and use machine learning methods to exttact features which are the most
informative for coreceptor usage. The extracted set of features represents a small fraction of the
initial feature set and models based on this set attain higher prediction accuracy with decreased
computational load.

Our descriptor used as input to the support vector machine (SVM) predicting tropism
shows a statistically significant improvement over the binary representation of the V3 sequence.
At the specificity of 11/25 rule a sensitivity of 69% was achieved, companogdhly with the
62% sensitivity of sequendeased prediction. In addition to the data inferred fromdiained
viruses (clonal data) we assessed the predictive power of our method on the clinically derived
'‘bulk’ sequence data of patient samples and mddaa statistically significant 3% improvement
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over the sequence representation evaluated using receiver operating characteristic (ROC) curve.
We also demonstrated the capacity of our method to predict the outcome of therapies based on
coreceptor blocker Braviroc (8) by applying it to 53 samples of patients undergoing Maraviroc
therapy.

Our structural descriptor affords direct interpretation of the features of the V3 loop
relevant for viral tropism by indicating specific physicochemical properties of aagius in
distinct parts of the loop being predictive of coreceptor usage. The analysis of features important
for the classification pointed to two loop regions playing determining role in the coreceptor
usage. The regions are located on the oppositedstrainthe loop stem and show predominantly
structure, hydrophobicity and chargelated properties. In the bound conformation of the loop
these regions are situated in close proximity forming a potentially determinant site for the
coreceptor binding.

The poposed method offers therefore higher performance over seeqoased method
with a comparable efficiency and a direct interpretation of structural and physicochemical

determinants of tropism.

1. Chan, D. C., and P. S. Kim. (1998) HIV entry and its iittob. Cell 93:6814

2. Fouchier, R. A., M. Groenink, N. A. Kootstra, M. Tersmette, H. G. Huisman, F. Miedema, and H.
Schuitemaker. (1992) Phenotypssociated sequence variation in the third variable domain of the human
immunodeficiency virus type 1 gpl2@olecule. J Virol 66:3183.

3. Berger, E. A., P. M. Murphy, and J. M. Farber. (1999) Chemokine receptorsdsddiiéceptors: roles in
viral entry, tropism, and disease. Annu Rev Immunol 17:860.
4, Jensen, M. A, F. S. Li, A B. van 't Wout, D. Cickle, D. Shriner, H. X. He, S. McLaughlin, R.

Shankarappa, J. B. Margolick, and J. I. Mullins. (2003) Improved coreceptor usage prediction and genotypic
monitoring of R5to-X4 transition by motif analysis of human immunodeficiency virus type 1 env V3 loop
sequences. J Virol 77:133-88

5. Sing, T., A. J. Low, N. Beerenwinkel, O. Sander, P. K. Cheung, F. S. Domingues, J. Buch, M. Daumer, R.
Kaiser, T. Lengauer, and P. R. Harrigan. (2007) Predicting HIV coreceptor usage on the basis of genetic and clinical
covariates. Antivir Ther 12:109706.

6. Sander, O., T. Sing, I. Sommer, A. J. Low, P. K. Cheung, P. R. Harrigan, T. Lengauer, and F. S.
Domingues. (2007) Structural descriptors of gp120 V3 loop for the prediction efl ldbfeceptor usage. PLoS
Comput Biol3:e58.

7. Dybowski, J. N., D. Heider, and D. Hoffmann. (2010) Prediction ofexeptor usage of HN from
genotype. PLoS Comput Biol 6:€1000743.
8. Dorr, P., M. Westby, S. Dobbs, P. Griffin, B. Irvine, M. Macartney, J. Mori, G. Rickett, C. Smith

Burchnél, C. Napier, R. Webster, D. Armour, D. Price, B. Stammen, A. Wood, and M. Perros. (2005) Maraviroc
(UK-427,857), a potent, orally bioavailable, and selective smalecule inhibitor of chemokine receptor CCR5
with broadspectrum anthuman immunodeficigcy virus type 1 activity. Antimicrob Agents Chemother 49:4721
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Inference of ancestral states for character evolution: the case of

uncertain data at terminal nodes

Nadezda BykovaAndrey Mironov

Dept. of Bioengineering anBlioinformatics, M.V. LomonosdVoscow State University, Vorobievy Gory 3,
Moscow 119991, nadelle4@mail.ru

The problem of reconstructing ancestral states given a phylogeny and data from extant
species arises in many areas of bioinformati@emmonly used technique is the Markovian
probabilistic model,where the rates of transitions between states are defined relatively to
evolution rates. Maximizing the probability to observe given data one can find optimal rate
parameters, and then reconstruct ancestral states by their contrilbbutverall probability.
Recent additions to this method were developed account for uncertainties in the initial phylogeny
[1]. Here we modify the basic Markovian model to apply in a situation when one has not exact
data, but predictions about states atteal nodes.

We aim to reconstruct the ancestral states given the tree phylogeny, prediction scores at
terminal nodes and prediction score distribution for different states. This probability distribution
could be collected from a large unbiased samplgrefiictions. To reconstruct the optimal set of

ancestral states we use the Viterbi algorithm, modified for a tree:

{Vﬁf = max; (P (t)) * V.rd) « max (P®(t,) = VX)), when{M,L} = child(Y)
V! = p'(xy), when @ = child(Y)

where p'(X) is the score probability distribution for stateP"(t) is the probability of
transition fromstatei to j; t; is the distance from node Y to the ancestral notéd(Y)is the set

of descendants of node Y;

As it the linear Viterbi algorithm, after selecting the most probable state at the root, the
states of descendant nodes can lbensiructed at the reverse run as argmax.

To reconstruct the state probabilites at each node we use the favachaard

algorithm, modified for a tree:
Bl = Z(PU (ta) = B,) = Z(P”‘(tL) « Bf),when {M, L} = child(Y)
j k

B} = p'(xy),when @ = child(Y)
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Fi= ) (B «PI(t)+ ) (P*(tw) * Bly)), when W = neighb(¥)
J k
F} = w(i), when @ = neighb(Y)
wherew(i) is the prior probability of states at the roog€ighb(Y)is the neighbor noddo node

Y.
The final state probability at a node can be found after the forward and backward runs as:
R +B

Li(Blgor * @(1))

By

In fact, similar algorithms were proposed for defined discrete states at terminal nodes: the
Vi terbi algorithm was d e s cheibblckwdrd algorithmi wasi g ht
described as the fApurningo algorithm by Fel.
tree were not published, although a hint was given in [1]. With the addition of emission
probabilities at terminal nodes, the recondtamcof ancestral states becomes closer to the HMM
(Hidden Markov Model) reconstitution. Hence we believe that using the HMM language could
be helpful in further development of this model (for example, using more complex HMM
structures to account for paratars changing between nodes).

It should be also noted, that when we reconstruct the state probabilities at terminal nodes,
we obtain the posterior probabilities of states in the extant species (prior probabilities could be
calculated from the predictiagtores and score distributions). So the method could be considered
as a novel comparative genomic technique to correct predictions, where the correspondence of
sequence similarity to feature similarity is defined by the optimized transition rates foewliffe
states. The speci@grarchy is also taken into account, rather than the distances only

The method is illustrated with an example of predicteteihinal signal peptides in
bacterial proteins from ortholog clusters.

Implementing the opportunity teeconstruct the evolutionary history from predicted data
would expand applicability of the Markovian probabalistic method to new areas of
bioinformatics, such as predictions of molecular traits.

This study was partially supported by RFBR grart0d02742.

1. M.Pagel et al. (2004) Bayesian estimation of ancestral character states on phylGy=snhiBmI53(5).673-84.
2. J. Felsenstein (1981) Ewolutionary trees from DNA sequences: a maximum likelihood appridatitvol,
17(6).368-76.
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Protein -protein interfaces z structural features,

and changes brought about by complex formation

Pinak Chakrabarti

Department of Biochemistry and Bioinformatics Centre, Bose Institute, Kolkata 700054nthdja
pinak@boseaist.ernet.in

To understand the physicochemical features underlying molecular recognition structural
databases have been generated representing different types of-protein interfactions, such
as 6strongd homodi mer s ( vohwiecakk 6 a rdd mp e 5 ma nt ehmatt
equilibrium between monomer and dimer), transient preieatein heterocomplexes, and the
nonphysiological interfaces that are observed in the crystal lattice of protein crystals. These
categories do show some differenceghe atomic packing [1]. The average interface area (the
accessible surface area, ASA, on the two components that gets buried on heterocomplex
formati on) is ~1600 {2 and the interface <can
former being compsed of residues that are more conserved than those in the latter [2].

To gain an insight into the process of molecular recognition and pimteiain
interaction one needs to understand not only the static interface formed between the two
molecules, butlso the changes that result in the structure as the two components associate. To
analyze the physicochemical changes that occur in an isolated protein structure as it forms a
complex, we have used the Prot&irotein Docking Benchmark (version 3.0) [@hd mapped
the interface residues and atoms as seen in the complex to those in the isolated state. On going
from the isolated (I) to the complex (C) state there is a change of about 6% in the accessible
surface area (ASA) of the interface atoms (considgetiie absolute value of the difference and
relative to the total value in the complex state). Other changes, especially those occurring in the

secondary structural content would be discussed.

[1] Dey S, Pal A, Chakrabarti P and Janin, J. The subusitfates of weakly associated homodimeric proteins. J.
Mol. Biol. 398, 146160 (2010)

[2] Guharoy, M. and Chakrabarti, P. Conservation and relative importance of residues acrosspptaain
interfaces. Proc Natl Aca. Sci USA 102, 15445452 (2005).

[3] Hwang H., et al . (2008) Proteprotein docking benchmark version 3.0, Proteins; 73:708.
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Profile periodicity of DNA coding regions
Maria Chaley, Viadimir Kutyrkin?

! Institute of Mathematical Problems of Biology, Russian Academy of Sciencessksiya st., 4, 142290,
Pushchino, Russjanaramaria@yandex.ru
Z Department of Computational Mathematics and Mathematical Physics, Moscow State Technical University n.a.
N.E. Bauman, the 2nd Baumanskaya st1,0&005, Moscow, Russia

Research on both shednd longrange nucleotide correlations is of great importance for
understanding known structural particularities in DNA sequences and for revealing new ones.
Images of various functions demonstrating nudtiotorrelations in DNA coding regions show
regular peaks with the steps of three bases corresponding to the triplet nature of the genetic code.
This has led to the notion of triplet periodicity in the coding regions.

In light of current understanding cditent periodicity as approximate tandem repeats [1],
the occurrence of periodicity 4idpastbeaen, cowhi
estimate of a pattern in the original repeat. If alterations in the copies of the pattern account for
more than 30% of the pattern, the validity of the revealed conseyattesrn is in doubt.
Although tandem repeats of thre@nd hexanucleotides occur in coding regions, as a rule it is
impossible to deduce a reliable consefzagern of approximate tandem egp over the whole
length of a coding region.

Use of Fourier methods for revealing imperfect or latent periodicity has become common.
Other statistical methods have also arisen for determining latent periodicity in nucleotide
sequences. These methods assdad upon measuring heterogeneity in nucleotide distributions
over period positions. In practice, in the absence of weak periodicity in a sequence that is not an
approximate tandem repeat, a high index of heterogeneity and a Fourier spectrum with a
domnan peak may be observed. Neverthel ess, it
periodicityo, unti/l the discovery of a patte

A spectraistatistical approach [3] to identifying a new type of latent picity, called
profile periodicity or profility, is presented. The notion of latent profility in DNA sequences [2]
expands on the idea of approximate tandem repeat [1] in which textual string (DNA sequence) is
presented as a chain of eroded copies (wifr@pmately 80% identity) of the textual pattern.
Latent profile periodicity occurs in DNA regions where nucleotide correlations can be described
by hypothesizing on the generation of successivdamgth DNA fragments according to a fixed
probability digribution of nucleotides appearance at each fragment position. A pattern of latent

profility can be described with the aid of a finite random string consisting of independent random
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characters with corresponding probability distribution for the textualackers from the DNA
alphabet. The usual methods [1] applied for identification of approximate tandem repeats
therefore cannot be used to reveal new types of latent periodicity.

Via a procedure that identifies patterns of latent profile periodicity in OBJA it is
possible to reveal the two levels of organization in encoded genetic information: regular
heterogeneity of nucleotide distribution over positions in the codons, and latent profility. It is
shown that Fourier analysis does not enable the seewstl (latent profility) to be distinguished
in the genetic encoding. The latent profility revealed in the DNA coding regions can be
translated into features of protein structure. It is possible to determine signs of local features in
the structure of geneand corresponding proteins through latent profile periodicity (latent
profility). The direct detection of such features is challenging because the goal of the search is

not a priori known.

1. G. Benson (1999) Tandem repeats finder: a program to a#NAsequenceNucl. Acids Res27:573-580.

2. M.Chaley, V. Kutyrkin (2008) Model of perfect tandem repeat with random pattern and empirical homogeneity
testing polycriteria for latent periodicity revelation in biological sequendéasth. Biosci,211:186-204.

3. M.Chaley, V. Kutyrkin (2010) Structure of proteins and latent periodicity in their gstossow Univ. Biol. Sci.

Bull., 65: 133 135.

Sgnificance of Clusterin Expression in Patients with

Hepatocellular Carcinoma Undergoing Hepatic Resection

Gar-Yang Chau

Taipei Veterans General Hospital, Taiwarychau@vghtpe.gov.tw

Background: Surgical resection offers hepatocellular carcinoma (HCC) patients a chance
for a cure, but carries a high tumor recurrerate. Clusterin is a highly conserved glycoprotein,
enhancing cell aggregation in vitro. Clusterin upregulated in cancers of the breast, ovary, colon,
prostate, kidney and HCC. Overexpression of clusterin has been correlated with tumor
metastasisThis stidy evaluates the significance of serum clusterin levels and protein expression
In resected tissue specimen in HE&ients.

Methods: The sera and HCC and nontumor tissues of 140 HCC patients undergoing
hepatic resection were prospectively collected. Seciumsterin levels were determined by
enzymelinked immunosorbent assay. The clusterin protein expression in resected specimen

were examined by immunohistochemistry. Median followup time was 39.1 months.
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Resuts:Mean serum cl ust er i ng/mL @ange,ll19D~36Gv/eng/mL). 1 3 .
Patients with high serum clusterin level (> 14.5 ng/mL) had significantly lower frequency of
family history of HCC, poorer liver function, and higher frequency of tumor being multiple,
presence of vascular invasion than thest low clusterin level € 14.5 ng/mL). For patients
with tumor size > 5 cm, patient with a high serum clusterin level had significantly worse
postoperative survival when compared to patients with low serum clusterin level (p = 0.018).
Clusterin proteirwas overexpressed in HCC tissues in 76 patients (54.3%) and in nontumor liver
tissues in 53 patients (37.9%). Patients with overexpression of clusterin in nontumor tissue have
worse postoperative survival rates (p=0.003).

Conclusions: In HCC patients, hig serum clusterin levels and overexpression of
clusterin in nontumor tissue related with worse prognosis after hepatic resection. Clusterin can

be a prognostic indicatoof HCC patients after resection

3-D complexes of VirE2 protein originated from Agro bacterium

tumefaciens and evaluation of his pore -forming ability

Mikhail Chumakov?, Yurii Gusev?, Svyatoslav Mazilo¥

!Institute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of Sciences, 13 Prospekt
Entwziastov, Sarato410049, Russia
“Bioph.Dept. Nordinear Processes Faculty, Saratov State University, Saratov 4100&5ia
chumakov@ibppm.sgu.ru

Bacteria of the genug\grobacteriumare a natural vector for the transfer ofhggc
information (T-DNA) into the eukaryotic cell. The -DNA nonspecifically integrates into the
hostds chromosome and i s i nher-DNAdD2 eomples ub s e
and VirE2 proteins are transferred to the host cell independériiybelived that VirE2 proteins
form a membranspanning pore or a channel for promotion of short nucleotides translocation
across the membrari@]. How VirE2 participates in the -DNA transfer across artificial and
natural membranes is not known.

For prediction of secondary structures for VirE2, the PROFsec program, located at
http://www.embitheidelberg.de, was usedFor formation of a complex consisting of VirE2
protein subunits, the GRAMM program, located gtttp://vakser. bioinformatics.ku.eduyvas
used.For localization of VirE2dependent complexes in lipid membranes, the CHARMM-GUI

Membrane Builder program, located(http://www.charmrmgui.org, was used.
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Using the PROFsec program, we predicted BSheets[2], and 22Uhelices for the
VirE2 fragment (amino acid residues 112 through 517yaxdiffraction analysis showed that
the same fragment of VirE2 as a complex with VirE1l (PDB ID:3BTP) contairisstieets and
15 Uhelices[3]. Only in 5% ofsequences did a contradiction arise in our prediction ofihelix
sheet structures: the presumegtielix (amino acid residues 243 through 253) was predicted to be
in the place ob-sheets (amino acid residues 242 through 246 and 249 through 251), shown by
X-ray diffraction analysislt follows that the results obtained with the PROFsec program may
give grounds to make suggestionstaghe secondary structure pfoteins that lackike VirE2
homology to known proteins. Duckely and Hohn [1] hypothesizabatt h ebarrel fold is a
structural solution for the delicate transition from soluble to memkipaned state and possibly
for the passage of ssDNA through membranes. Subsequéntigsifound that VirE2 forms a
TIM-l i ke barrel-heloimpesterdanradfsb, U r esul ting in a do
strands adnaicegl} We foundthat tHeé TIMike barrel located in the @omain of
VirE2 had a channel. Wmeasured the inner diameter of the Tlike barrel located in the C
domain of Vir and evaluated it to be 1Ing&. Possibly, it is sufficient for the passage of short
oligonucleotides through the pores formed tao VirE2 proteins in the bilayer membrane.
However, the TIMlike barrel complex is not sufficient for the translocatminthe sSSTDNAT
VirD2 complex acoss the TIMl i ke barrel, since the VirD2 p
according to our evaluation of a 3findel for VirD2 by using the SwigBdbViewer program. In
a probabilistic model by using the Membrane Builder progranafetructure composed of two
VirE2 proteins integrated into a lipid bilayer, a channel with a diameter of 2 nm may form
between 11e330 VirE2 proteinngmber 1) and 11e330 VirE2 proteinnimber2). One model
structure built from four of VirEZroteins by ung the CHARMM GUI program had a channel
(3.8 nm in sizg between Lys488 VirE2 protein (number 1) dn488 VirE2 protein (number

3) inthe membrane portion of the complex

1. M. Duckely, B. Hohn (2003) The VirE2 protein Afirobacterium tumefacienshe Yin and Yang of IDNA
transfer FEMS Microbiol. Lett223:17 6.

2. M.I.Chumakov, A.\V.Burmatov, V.I. Bogdanov, |.V. Volokhina (2004) Experimental and computer evaluation of
the ability ssTDNA-binding VirE2 protein to interact with lipid membranes. In.o®rThe Fourth International
Conference on Bioinformatics of Genome Regulation and Structure (BGRS'2004), Novosibirsk, Russia3@uly 25
V.1. P. 252254,

3.0. Dym, S. Albeck,T. Unger,J. Jacobovitch, A. Branzburg et é008)Crystal structure otte Agrobacterium
virulence complex VIrEAVIirE2 reveals a flexible protein that can accommodate different parthess. Natl.
Acad. Sci. USAL051117011175.
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Homo sapiens L.z a Species is in a State of Evolutionary Saltation

Vladimir Chupovy Eduard Mahs
Komar ov Botanical Institute tf t he Riksegida@mailfuc ade my

Motivation and Aim. We studied the process of ma@wolution in Angiosperms. It was
revealed the saltationakture of this process and positive correlation between the evolutionary
events, the level of evolutionary advance and the nucleotide composition, dinucleotide and CpG
content in ITS15.8SITS2 rDNA [1-3].

The revealed correlation allows determine theletionary status of taxa according to the
analysis of nucleotide composition of rDNA. On the assumption of this idea a problem of
evolutionary status of the species Homo sapiens L. brought up.

Methods and Algorithms. We used the NCBI GeneBank data o®1T ITS2 and 5.8S
rRNA sequences and MEGA and DAMBE software.

Results.We consider our conclusions as preliminary because the rDNA of animals is less
studied as compared with rDNA of plants. We analyzed various regions of rDNA of Homo
sapiens, Primated. { specirs), Rodentia (7 sp.), Carnivora (8 sp.), Reptilia (4 sp.) and Amphibia
(5 sp). It was shown that both C+G and CpG content in rDNA of Homo sapiens, on a level with
Pongo pigmaeus, is highest among the primates and even most saturated by guanytosiaad
among animals in general. The dinucleotide spectra of rDNA of man and apes relate to the most
specialized groups containing maximum GG, CC, CpG and CpC and minimum quantity TpG
dinucleotide.

Conclusion. These data being compared with the nuito spectra of plant rDNA in
evolutionary advanced and static taxa bring to the conclusion that the evolutionary state of the
species Homo sapiens correspond to the rarely observed stage of evolutionary saltation[5].

JteOdzls’ : "1 ddzOd3d ¢ © G jOlGA4GO02004-61469@. { AAR 09

1. Chupov, V. S. (2002) Shape of lateral phylogenetic branch in plants by data of neontaéxgicamic analysis
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Ribosomal multicopy protein study
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L12 is the only protein present in prokaryotibasome in multiple copies. It is known
that L12 interacts with translation factors such as@GGFEFRTu and RF3. While interacting with
these factors L12 seems to increase their GTPase activity. Probably L12 also has other
functions, e.g. it was recentghown that mitochondrial L12 controls the mitochondrial genes
transcription rate [1].

L12 stalk comprised of several L12 copies is one of the least studied ribosome functional
centers. Partially that is due to its high flexibility which complicatesay)study [2].

In the end of 1970's it was shown tHascherichia coliribosome contains four L12
molecules [3]. However stoichiometry 4:1 is not the only one possible option for the batteria.
maritima ribosome comprises six L12 molecules [2] as wellTbsrmus themophilusbosome
[4].

Our goal was to determine L12 stoichiometry for different species using genome
sequence and to study the changes of L12 copy number between sibling species.

We developed an algorithm for L12 cepymber prediction. Our appach was based on
the prediction of L10 secondary structure in order to locate L12 binding region. We analyzed
several hundreds of bacteria and demonstrated that both variants (4:1 and 6:1) were prevalent
among different phyla. It should be noted thatostiondria ribosome has 6:1 stoichiometry.

Analyzing the examples of different L12 copy numbers between closely related species
we concluded that the reduction of L12 copy number was usually caused by the loss of a short
gene fragment inside the eightlplaa helix of L10. The insertion of such a fragment could be
resulted in the possibility to bind an additional L12 dimer, but it was observed much rarer.

It was also found that some cyanobacteria (such as Arthrospira and Gloeobacter) possibly
had stoichionetry 8:1.This possibility was not noted previously.

The authors are supported by the Russian Ministry of Science grant 16.740.11.0449.Some
of the results were obtained using the supercomputer SKIF MSU "Chebyshev" of the Moscow
State University Supercomput Center.

1. ZWang et al. (2007) Human mitochondrial ribosomal protein MRPL12 interacts directly with mitochondrial
RNA polymerase to modulate mitochondrial gene expresdidipl. Chem282:12610 12618.

2. M.Diaconu et al. (2005) Structural basis fbe function of the ribosomal L7/12 stalk in factor binding and
GTPase activatiorell, 121:9911 1004

3. AT.Gudkov et al. (1978) Stoichiometry and properties of the complex between ribosomal proteins L7 and L10 in
solution,FEBS Letters93:215 218.

4. Lllag et al. (2005) Heptameric (L12)6/L10 rather than canonical pentameric complexes are found by tandem MS
of intact ribosomes from thermophilic bacteapc. Natl. Acad. Sci. U.S.A102:8192 7.
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An amino acid polymorphism centric view of classical HL A

associations in complex traits

Paul de Bakker

Harvard Medical School, United States,
pdebakker@rics.bwh.harvard.edu

The major histocompatibility complex (MHC) region on chromosome 6 harbors the
largest number of validated genetic associations to human diseases. @ The extreme genetic
diversity of this locus and the broad linkage disequilibrium among variants has made it
challenging to localize association signals and to pinpoint causal variantsing sggecific
examples of HIV control and autoimmunity, | will illustrate how association signals of common

SNPs can be interpreted in terms of amino acid polymorphisms within classical HLA proteins.
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Characterising Selection in human Conserved Non -coding
Elements (CNESs) from the HapMap and 1000 Genomes Projects

Dilrini De Silva®, Richard Nichol§ Greg Elgat

'Queen Mary University of London, United Kingdahdesilva@gmul.ac.uk
“National Institute for Medical Reearch, United Kingdongelgar@nimr.mrc.ac.uk

Conserved\oncodingElemens (CNEs) area set of approximately000 conserved nen
coding regions of the genome identified by whole genome comparison between dmnan
Takifugu rubripegJapanese Pufferfishp vertebrate species evolutionarily distant from hgman
[5]. Arranged in clusters around genes regulating transcription and developmentdévans
genes) in vertebrates, some CNEs act as tispeeific enhancer during embryonic
development and are candidates frnetwork of cis-regulatory moduleq5]. It has been
suggested that a deleterious effect can be observed whercisiosgulatoryelements which
have one or more functions in the genome are WstVJ/e also know of casewhere mutations
in CNEs (not the gene itself) can lead to congenital abnormalities in tenags for example,
certain kinds of polydactyly3d] and the Pierre Robin syndromg][are caused by mutations in
CNEs. Their absence in invesbrates suggests they may have played an important role in
vertebrate development and evolution.

Efforts to catalogue human genetic variation by the HapMap and 1000 Genomes Projects
have allowed us to analyse single nucleotide polymorphisms across waelgepulations in
order to detect signals of selection in CNEs. Preliminary analysis of the allele frequency
spectrum in CNEs shows a striking similarity to the skewed distribution observed at
nonsynonymous sites indicating a signal of selection. Furthalysis of genotype data from
HapMap and 1000 Genomes Projects on the LOSITAN [1] workbench is expected to identify

candidate loci under selection, which can then be used to study expression patterns in zebrafish.

1. Antao T. et al. (2008) LOSITAN: A workimeh to detect molecular adaptation based on airsier
method BMC Bioinformatics9:323.

2. Benko S.et al (2009) Highly conserved necoding elements on either side of SOX9 associated with
Pierre Robin sequenclat Genet41: 359-364.

3. Lettice L.et al (2003) A longrange Shh enhancer regulates expression in the developing limb and fin and
is associated with preaxial polydactyyum Mol Genetl2: 17251735.

4, McLean C. and Bejerano @008)Dispensability of mammalian DNAenome Resl8: 17431751,

5. Woolfe A. et al. (2004 Highly Conserved Nowtoding Sequences Are Associated with Vertebrate

DevelopmentPLoS Biol 3 (1): e7.
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New benzimidazole derivatives as possible antibacterial drugs

Oleg Demchuk Dmitro Lytvyn, Alla Yemets, Pavel Karpov, YarosIBlume
Institute of Food Biotechnology and Genomics, Natl. Acad. Sci. of Ukraine, Uktgnmem79@gmail.com

The bacterial FtsZ proteins represent potential cytoskeletal target for antimicrobial
compounds as esse&itcomponent of bacterial cell division machinery. They are conserved in
most important bacterial pathogens and responsible to4aaged drug discovery toolbox with
features of an ideal antimicrobial target [1, 2]. Due to homology with eukaryotidrsithe
benzimidazoles and their derivatives are considered as potential inhibitors of bacterial FtsZ
proteins [3, 4]. Recently the libraries of novel-gubstituted benzimidazoles were created
through rational drug design. The transmission electron stomy and scanning electron
microscopy analyses oMicobacterium tuberculosig-tsZ and bacterial cells, respectively,
treated with a lead compound strongly suggest that benzimidazoles have a novel mechanism of
action on the inhibition of mycobacterial Fte&sembly and-Zing formation [5].

According to data mentioned above, we investigated inhibition properties of eight new
phenytthiazine derivatives of benzimidazole on functionality of bacterial FtsZ. Potential binding
sites for them were identified onohecular surface of FtsZ by HEX 6.1 [6] with CUBA
graphics. For this study, we applied rigid docking of these compounds and reconstructed model
of bacterial FtsZ as a target. The seven tested compounds had high scored binding site identical
for 3-methoxyb@zamide derivatives in region of cleft between helix seven (H7) and the C
terminal domain [7, 8]. Five of the tested compounds had lower score to nucleotide binding site.
The predicted binding sites for the last benzimidazole derivative were localizelPii@dding
site and along the surface of FtsZ between this site and structdrbdop.

We also estimated the FtsZ polymerization efficiency of these companndsro by
spectrophotometery. The solution density strongly correlated with light scaiémadymerized
protein. Our study demonstrates the influence of all tested compounds in the first few minutes of
reaction on the polymerization process. It was identified that two benzimidazole derivatives
disturbed polymerization very sufficientle. Intstiegly, the way action of these two compounds
was opposite: the first inhibited polymerization and the second inhibited filament
depolymerization. Since normal functioning of FtsZ is dynamic process of filaments
assembling/disassembling, the disruptiorpofymerization as well as depolymerization leads to
disorder of the cell cycle. Thus, we have identified several benzimidazole derivatives with big

potential for further development of new antibacterial drugs.
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Systems Modeling of EphB4/ephrinB2 Signaling Pathways

Artem Denidenkd, Kirill PeskoV, Aleksandr Dorodnoy Oleg Demin,
Kenneth Lug Eugenia Krayno% Dawn Nowlirf

Institute for Systems Biology SPb, Moscow, Russia, Russian Fedegatemdem@insysbio.ru
’Pfizer Globd Research and Development, La JolBlifornia, USA, United States

It has recently been shown that Egbhrin interactions play an essential role not only in
tumor angiogenesis but also in tumor progression and/or suppression. The exact mechanism
contributing to such a multitude of responses, however, remains unclear. In order to better
understand this problem we studied the intricacies of EphB4 biology using a systems modeling
approach. The main aims of this study were to: (1) reconstruct the EphBdBbkignaling
pathways based on information mined from the literature; (2) develop a kinetic model for
EphB4/ephrinB2 forward signaling, and (3) analyze the model behavior and prediction to gain
deeper insight into EphB4/ephrinB2 forward signaling andinfisience on tumor progression
and/or suppression mechanisms.

DBSolve Optimum software was used for all model development and analysis steps.
Kinetic model verification was performed using data from ephrifB2induced EphB4
activation, internalization @hdegradation obtained in a MCF7 breast cancer cell line and other
datasets (approx. 30 datasets) published in the literature.

The signaling pathways of EphBephrinB2 interactions were successfully reconstructed
and a kinetic model of EphBdphrinB2 forwad signaling was developed. Analysis of the model
behavior allowed us to make the following predictions about the system regulation and possible
cellular responses at different physiological conditions: (1) the Abl/Rac/Rap branch of-EphB4
induced forward ignaling was cell specific, (2) one of the main reasons for (1) was an inhibition
of Abl function by filament actin. In addition, it followed that cell types with high concentration
of filament actin were less sensitive to EphB4 inhibition of migratiop, c@l proliferation
potential had low sensitivity against EphB4 activation and (4) EphB4 activation had an important
influence on AKT phosphorylation.

It was shown that EphBdphrinB2 forward signaling had a negative effect on cell
proliferative, survivaland migratory potential. However, those effects were cell specific and can
be weakened in certain cell types. In these cases, increasing the concentration of filament actin
could completely inhibit the Rac/Rap branch of Eptd@phrinB2 signaling.
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Human-chimpanzee property -dependant conservation
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We performed a comparative analysis of promoters of orthafogenes of human and
chimpanzee located on chromosomes 21. Similarities between DNA sequences were calculated
using properthd e pendent similarity measure [ 1] (using
and letterbased similarity (using ClustalW).

The distribution of the number of promoters vs. similarity reveals that promoters of
chimpanzee and human genes, which differ by less than 2% of nucleotides, show significantly
higher similarity by FeatureScan than expected (under pure random and traremnswetsion
biased models). We found that 139 out of 198 orthologous promoter pairs showed higher signal
similarity than can be expecteavith a pvalue of 2,43*10.

Using the EMBLEBI gene ontology classification, we examined the distribution of
genes which showed high signal similarity of their promoters. A subset of 15 genes involved in
t he mol ecul ar functi on imet al i on bi ndi ngo
Anucl eoti de -values dfi4,8*g®dandw52*1F, rgspectively. Cdararily, applying
ClustalW, no significant association with GO terms was found.

A strong correlation of signal similarity with gene expression was found by comparing
our present results with our earlier data [3]. The prediction accuracy of gene expt@ssion
comparing their promoter sequences reaches a sensitivity of 83% and a selectivity of 60% using
FeatureScan. At the same time, using letter conservation under the same conditions provides
only 30% and 40%, respectively.

As we may conclude from the presed results, a nucleotide substitution decreasing the
melting temperature of a locus, may induce evolutionary pressure for further changes in the close
vicinity to compensate the first mutation. As further investigations, it might be interesting to
investgate changes of characteristics (melting temperature, conformation and others) caused by
SNP mutations and its correlations with phenotype or diseases.

1. Kauer G. et.al., (2003) Applying signal theory to the analysis of biomole&itasformatics 19, 20162021.
2. Deyneko IV. et.al., (2006) Feature Scan: revealing projiendent similarity of nucleotide sequendéscleic
Acids Researclt84, W591-W595.

3. Watanabe, H. et al., (2004) DNA sequence and comparative analysis of chimpanzee chromoblatge2
429, 382388.
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Translktional Studies in the Genomic Era

Luda Diatchenko
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A presentation will present an illustratioof how human association study results can
then be translated into the pharmacological treatment of common clinical conditions,
exemplified by genetic variants of the catee@@methyltransferase (COMT) genan enzyme
that metabolizes catecholaminestsEi three major haplotypes of COMdesignated as low pain
sensitive (LPS), average pain sensitive (APS), and high pansitive (HPS) have been
identified based on a c panrstinelr. dhese threeshaplotyee t C
account for 11%of the variability to humarexperimental pain sensitivity and are predictive of
the risk of onset of a commanusculoskeletal pain disorder (i.e., temporomandibular disorders,
or TMD). Next, we showed the molecular genetic mechanism thereby the LPS ypaplot
produceshigher levels of COMT enzymatic activity than the APS or HPS haplotypes. Third, we
demonstrated that the pharmacological inhibition of COMT in rats results in mechanatal
thermal hypersensitivity that is reversed by the nonselebtiagrerrgic antagonigbropranolol,
or by the combined administration of selecti® and b3-adrenergicantagonists. These data
provide the first direct evidence that low COMT activity ledm$ncreased pain sensitivity via a
b2/3-adrenergic mechanism, and gegts that pairconditions associated with low COMT
activity and/or elevated catecholamine levels bartreated with noeselectiveb-blockers. This
finding led to the clinical studies showelat propranolol, a clinically used neelectiveb-
adrenergic atagonist which is widelysed for treatment of hypertension, may be and effective
treatment for chronic paicondi ti ons i n a manner t hat i's
diplotype. Thus, COMThaplotypes may serve as genetic predictors of treatmentnaegcand
permit theidentification of a subgroup of patients who will benefit from propranolol therapy.
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Comparative analysis of lipid biosynthesis in Archaea and

Bacteria: What was the structure of first membrane lipids?

Daria Dibrova? Kira Makarovd Michael Galperin
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'School of Physics, WmMiOoweOr Distnya ba fyda@dash aBEhoelgnesiyymsD.ru
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*National Center for Biotechnology Information, NLM, NIH, Bethesda, MD 20894, USA,
“A.N.Belozersky Institute of Physig@hemical Biology, Moscow State Wersity, Moscow 119899, Russia

The chemical naturef the evolutionarily first membranes, which should have encased
the Last Universal Common Ancestor (LUCA), cannot be inferred easily because the chemical
compositions and biogenesis pathways of archaeal and bacterial phospholipids are fundamentally
different [1-3]. However, the nearly universal conservation of the elementermdral protein
secretory pathway4] and of the F and \ftype ATP synthasefb, 6], which are membrare
embedded molecular machines, suggests that the LUCA did possess some kembodmas
[7-9].

Biosynthesis of membrane lipids, both in bacteria and in archaea, proceeds in three major
stepsseeg[2, 3] for reviews. First, either fatty acids (in bacteria) or isoprenoid chains (in archaea)
are synthesized. While there is only one lsgtit pathway for fatty acids, there are two synthetic
pathways for the f&arbon units of the isoprenoid chains, namely the mevalonate pafh@jay
and thedeoxyylulose phosphate (DXP) pathwajl1l]. Next, the hydrophobic tails (synthesized
at the first stp) are connected by ester (bacteria) or ether (archaea) bonds, respectively, to the
specific stereoisomers of glycerol phosphatedlgnerol3-phosphate (G3P) in bacteria and sn
glycerol1-phosphate (G1P) in archaea). Lastly, diverse polar head groeistached to the
glycerol moietiesThe difference between archaeal and bacterial membranes extends beyond the
chemical structures of the phospholipids, to the evolutionary provenance of the enzymes
involved in membrane biogenesis that are either-hmmndogous or distantly related but not
orthologous in bacteria and archd2a3].

Using the available complete genomes, we have analyzed the occurrence of enzymes
involved in these three majoeactionsof lipid biosynthesis in the bacterial and archaealghy
relying on the assignment of respective enzymes to the Clusters of Ortholohmiers of
Orthologous Groups of proteif€OGs) [12]. Our analysis indicates, in agreement witd],
that the mevalonate pathway of isoprenoid biosynthesis precedeXBg@&hway in evolution
and may have already operated in the LUCA. In contrast, the enzymes responsible for the
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synthesis of fatty acids and their attachment to the G3P moiety are found only within bacteria, so
that the fattyacidbased phospholipids shduhave been a bacterial invention. Based on our
analysis, we hypothesize that (i) either the enzyme for the G1P synilheegresent in the
LUCA, so that the a G1P unit was a constituent of the first isoprenoid phospholipids, or (ii) the
glycerol moietywasabsent from the lipids of the LUCA, as suggested edudig

1. Smit A, Mushegian A (2000) Biosynthesis of isoprenoids via mevalonate in Archaea: the lost pathway.
Genome Red.0(10):14681484.

2. Pereto J, Lopegarcia P, Moreira D (2004) Ancesiitepid biosynthesis and early membrane evolution.
Trends Biochem S@29(9):469477.

3. Koonin EV, Martin W (2005) On the origin of genomes and cells within inorganic compartmesmsls
Genet21(12):647654.

4, Cao TB, Saier MH, Jr. (2003) The genepabtein secretory pathway: phylogenetic analyses leading to
evolutionary conclusion®iochim Biophys Actdl6091):115125.

5. Mulkidjanian AY, Makarova KS, Galperin MY, Koonin EV (2007) Inventing the dynamo machine: the
evolution of the Rype and Wtype ATPasesNat Rev Microbiol5(11):892899.

6. Dibrova DV, Galperin MY, Mulkidjanian AY (2010) Characterization of thé\INPase, a distinct, laterally
transferred Na#translocating form of the bacterialtifpe membrane ATPasBioinformatics 26(12):14731476.

7. Jekely G (2006) Did the last common ancestor have a biological memBiah®&rect, 1:35.

8. Mulkidjanian AY, Galperin MY, Makarova KS, Wolf YI, Koonin EV (2008) Ewolutionary primacy of
sodium bioenergetic&iol Direct, 3:13.

9. Mulkidjanian AY, Galperin MY, Koonin EV (2009) Gevolution of primordial membranes and membrane
proteins.Trends Biochem S@34(4):206-215.

10. Lombard J, Moreira D (2011) Origins and early ewolution of the mevalonate pathway of isoprenoid

biosynthesis in the three doims of life. Mol Biol Evol, 28(1):87-99.

11. Eisenreich W, Bacher A, Arigoni D, Rohdich F (2004) Biosynthesis of isoprenoids via theexafonate
pathway.Cell Mol Life Scj61(12):14011426.

12. Tatusov RL, Galperin MY, Natale DA, Koonin EV (2000) TBOG database: a tool for genoseale
analysis of protein functions and evolutidducleic Acids Re28(1):33-36.

13. Mulkidjanian AY, Galperin MY (2010) Evolutionary origins of membrane protelims Structural
Bioinformatics of Membrane Proteingditedby Frishman D. Viena: Spriget:28.
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Practicality and Time Complexity of a Sparsified RNA Folding
Algorithm
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Commonly used RNA folding programs compute the minimum free energy structure of a
sequence under the pseudoknot exclusion constraint. They aredbasedZuker 6 s al gor
which runs in time O(R. Recently, it has been claimed that RNA folding can be achieved in
time O(N) using a sparsification technique that e
variants of sparse RNA folding were proposed [3]. Here, we presemwn version, which is
readily applicable to existing RNA programs as it does not require any new data structure.
Speedgain is achieved solely by+@dering and conditional execution of elementary arithmetic
operations. The principle is explained Fng. 1 using the simpler Nussinov algorithm, which
maximizes the number of bapairs. The same trick is applicable to enemggimization based
RNA folding and a variety of related algorithms.

a) b)
fori=Ntol forj=1toN
forj=i+110 N{ fori=jto1{
FG,j)=max{F(i+1,j-1)+0(.j), FG,j-1), Fi+L))} | FG,j)=ma{F(,j), FG,j-1), FG+L))}
fork=i+1t0j-1 if (FG+1,j-1)+8(.)> FG, )X
F(i,j) = max{F(i,j), F(i,k) + F(k +1,j)} F,j)=F(+1,j-1)+8(.j)
} fork=i-2t01: F(k,j)=max{F(k, ), F(ki-1)+F(i,/)}
}

Figure 1. Pseudecode for the original Nussinov algorithm (a) and sparsified version (b)=(i,j) contains the best scc
i.e. the maximal number of bases pairs, for the subsequence starting at paesitbending at position The functiol
di,j) returns 1 if the bases at positionandj can form a canonical basaip and O otherwise.

To prove practicality, we applied the proposed modifan to the widely used Vienna
RNAfold program, to create sibRNAfold, the first publicly available sparsified RNA folding
program. We deliberately opted for modification of existing code rather than reprogramming to
ensure identical results with a trustegplementation. Using real RNA sequences, we observed
up to 50fold speed gain for long RNAs. The time for folding the HIV genome (~10 kb) went
down from 344 sec to 19. The SARS (~30 kb) genome was folded in 6 min compared to nearly 3
hrs required by Viem RNAfold. Using sibRNAfold, we were able to fold the 100kb long Titin
MRNA inonly 3 hrs.
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To gain a better understanding of the time complexity of sparsified RNA folding in
general, we carried out a thorough run time analysis with synthetic randomrmsesjuboth in
the context of energy minimization and bamering maximization. Contrary to previous claims,
the asymptotic time complexity of sibRNAfold appears to be Pder a wide variety of
conditions (Fig 2a,b). Specifically, we varied the bagemosition, the folding temperature, and
multi-loop parameters of the energy function. A previous proof of quadratic time complexity was
based on the assumption that computational
Specifically, the polymeeeta property stipulates that the probability that the terminal bases of a
folded RNA are paired, exponentially decreases to zero with increasing sequence length.
Consistent with our rutime analysis, we found that RNA folding does not obey the polymer
zeta property. Different and more interesting results were obtained with a sparsified Nussinov
algorithm. While rurtiime remained cubic for RNA sequences with an unbiased base
composition, we observed quadratic behavior with sequences enriched in A dret€appears
to be a sharp phase transition at about 57% A+C content both with regard to time complexity
(Fig 2c) and polymer zeta property. The code used in this work is available at:
http://sibRNAfold.sourceforge.net/
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Figure 2.a) Speed comparison of sibRNAfold vs Vienna RNAfold program; b,c) Sequence base composition depe
the speed gain using sibRNAfold (b) and using sparsified Nussinov algorithm (c). The vertical axis (time fodsk’
reflects the fold increase in the number of multioop operations resulting from doubling the sequence length. All 1
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1. M. Zuker, P. Stiegler. (198INucl. Acids Res9: 133 148.
2. Y. Wexler et al(2007),J. Computat. Bio].14: 856272
3. R. Backofen et al. (201TDA9:12-13.
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Provides Insights into Phosphate Homoeostasis through

Multiple Interacting Pathways
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Phosphate is an important mineral required for numerous cellular functions such as DNA
and merbrane lipid synthesis, generation of high energy phosphate esters, and intracellular
signalling. However, an integrated understanding of phosphate regulation, the various control
mechanisms, and interactions between the mechanisms is not available geisaiibe here the
first attempt, to our knowledge, to develop an integrated quantitative understanding of the factors
responsible for endogenous phosphate regulation. Based on Bergwitz (2010), a minimal model
consisting of bone, serum, parathyroids, imestand kidney tissues and fibroblast growth factor
(FGF) 23, parathyroid hormone (PTH), VitaminD, and phosphate entities was developed. The
known dependencies (B&€bov 2007) were hypothesised based on literature and quantitatively
characterised based @wvailable data. The individual submodels were integrated to provide a
unified model of phosphate homoeostasis. Model predictions were verified with available
literature data on therapies known to impact phosphate levels (e.g. FGF23, and FGFR
modulators) amh from human genetic disorders. We then used the model to simulate single and
multiple dose phosphate changes for different FGFR modulators that can potentially alter
endogenous phosphate levels. All individual submodels provided adequate descriptions of
isolated interactions. The magnitude, but not time course of Vit D changes after FGFR
modulation was predicted correctly. The integrated model provided good descriptions of
literaturereported changes in phosphate, and Vit D levels after FGFR therapy.-S5ibBBRe
specific modulators had generally different VitD and phosphate effects. The contribution of PTH
to overall phosphate homoeostasis was found to be not significant compared to that of bone
(through FGF23). A minimal QSP model of phosphate homoesstess developed. The model
can be used to evaluate the potential effect of various therapeutic options affecting the phosphate
homoeostasis pathway.

1. Bergwitz and Juppner (2010) Regulation of phosphate homeostasis by PTH, vitamin D, and FGF23, Annu Rev
Med, 61:91104.
2. BenGov (2007), J Clin Inv.
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Protein -Membrane Binding as a Self-Adapting Process:

a Computational View

Anastasia Konshina, Darya Pyrkova, Anton Polyansigman Efremov
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Cell membranes, along with their individual components like memkraoed proteins,
particular lipids or lipid bilayer itself, attract a growindtemtion as very perspective
pharmacological targets. According to recent estimations, up to 70% of currently marketed drugs
act on these targets. Rational design of new highly efficient and selective compounds (drug
prototypes) modulating activity of bi@mbranes, requires atorscale information on their
spatial structure and dynamics under different conditions. Because such details resist easy
experimental characterization, important insight can be gained via computer simulations.

Here, we present theesults of structural/dynamic studies of two classes of membrane
active agents cationic peptides with antimicrobial activity (AMPs) [1] and cardiotoxins from
snake venom (CTXs), which are capable of lysing red blood cells [2]. The computational
approachcombines in a selfonsistent manner Monte Carlo conformational search in implicit
hydrophobic slabs and molecular dynamics in hydratedafolin lipid bilayers composed of
different types of lipids. Despite different structure (AMPs Bigelical, while O'Xs haveb-
structural fold) and mechanism of membrane permeation (AMPs exhibgp®ific membrane
binding, while CTXs may also specifically interact with anionic lipids in bilayers), in both cases
the process of polypeptide interaction with cell membran r ev eal s aa dparpa minngeo
character. Namely, both classes of membrane active agents employ a wide arsenal of
structural/dynamic tools in order to accomplish their functionysis of cell membrane.
Importantly, the lipid bilayer of biologicainembranes plays an essential role in the recognition
and binding events. In particular, the presence of anionic lipids induces formation of highly
dynamic lateral heterogeneities (clusters) on the membrane surface, which differ in their packing
and hydrophbbic properties from the bulk lipids. Such a mosaic nature of membranes is tuned in
a wide range by the chemical nature and relative content of lipids, presence of ions, and so on
[3]. This makes possible mutual adaptation of the two amphiphatic systepsidg and
membrane). In our opinion, such a diversity of the factors important for polepégtger
interactions assures their efficient and robust binding to cell membranes. Understanding of such
effects creates a basis for rational design of new iplogically active molecules and/or

artificial membranes with predefined properties.
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Microevolutionary changes in conditions of chronic

environmental stress

Mariya Elking Darya Pyrkova, Tatyan&lazo
Russian State Agrarian UniversitfTAA, Moscow, 127550, Timirjazevsky street, 48jlazko@yahoo.com

Influence ofecological conditionson the genetic structure ofpopulationsis one of the
leading factorsof intra- and interspeciesdifferentiation However, the moleculargenetic
mechanismsf suchprocessesre still insufficiently investigated In order tostudy thespecies
specificity ofthe responses tthe chroniceffect of environmental stress factoes mmparative
analysis ofpopulationgenetic structure of the Mongolianlivestock (yaks, cattle, sheegh a
BiosphereReserveHoubsougul(Mongolia) andin the zoneof risky animal breedingsobi Desert
was carried out The estimationsof polymorphismof DNA fragmentsflanked by inverted
microsatellite repeat$AG, ISSRPCR markers) were used as moleculgenetic markers In
order to evaluatethe influenceof differentecologicalconditions oflivestockon the stabilityof
the genetiapparatusn smearsof pelipheral blood of animalsthe countingof erythrocyteswith
micronuclei was performedsenotyping ofanimalsfor 38 loci yieldedthe following data. The
rate of polymorphic loci (P) of the yak wasl15,8%, polymorphic information content (PIC)
0,039. In thepopulations ofyak of the Gobi Deserfi P - 10,5%, PIC- 0,039;of the reserve
Houbsougul- P 13,2%, PIC- 0,040, the geneticdistance between thenDN = 0,0410. In
Mongoliancattleit was revealedn total P - 28,9%, PIG 0,049;in the Gobi Deseri P - 13,2%,
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PIC - 0,035;in thereserveHoubsouguli P - 23,7%, PIC- 0,067;geneticdistancebetweenthem

DN = 0.1087 In Mongoliansheepit was observed itotal P - 42,1%, PIC- 0,095,in the Gobi
Deserti P- 34,2%, PIC- 0,118;in the reserveHoubsouguli P - 10,5%, PIC- 0,071;genetic
distancebetween thenDN = 0,1712 On the dendrogranconstructed on the genetdistance
values yaks form a commoncluster with cattle both groupsof sheep- a single clusterThe
obtaineddata indicatedhatthe populatbn-genetic differentiation on thlSSRPCRmarkers was

the most profound in sheep the least- in yak which was consistentwith the level of
polymorphismin thesespecies(P, PIC). The frequency @&rythrocyteswith micronuclei in the

area ofHoubsougulwas significantly higher than thabf the samespecies in zone of thieigh

risk animal breedingThe frequency oérythrocyteswith micronuclei in thearea ofHoubsougul

in sheepwas5 , 3 N ifcatde-4,;6 N i0yakz 3 22 N iftheGobidDesertin
sheep- 0, 9 N ifcattle-13,;8 N iroyak60 ,43 N 0 ,i thedliffererfidtianof
animalson the micronucleitest coincidedwith that observedn moleculargeneticmarkers the
greatest- in sheep the lowest- in yak The frequency of occurrenceof red blood cellswith
micronuclei in cattle and sheepof Houbsougulcorresponds to typicaior a numberof other
breedsof these speciesve investigatecearlier, in contrast to theanimalsof the Gobi Desert
Micronuclei testin somatc cells is widely usedfor bioindicationof ecotoxical effectsas an
indicator of instability of the geneticapparatus It is known that the frequency of cells with
cytogenetic abnormalities in peripheral blood cells in mammals is closely linked with
repraductive dysfunction (Rubes et al., 1991; Migliore et al., 2006). The data obtained suggest
that all three species in the Gobi Desert were most resistant to the adverse effects in relation of
animal selection (in several generations), with increased $yabflithe genetic apparatus. We
also found that interspecies genetic distances for each species were less than between groups of
animals Houbsouguland each pair of groups of two other species. For example, between the
yaks of the Gobi Desert and both goswof the cattle DN 0,3318, 0,3758, and between the yaks

of Houbsouguland these same groups of the caittl8,2759, 0,2528. Apparently as a result of
natural selection a unique gene pool was formed in the zone of risky animal breeding, the

specificity d which can be identified using a random sample of FPERR markers.

1. Rubes J., Horinova Z., Gustavson |., Borkovec L., Urbanova J. (1991) Somatic chromosome mutations and
morphological abnormalities in sperms of boatsreditas,115:139-143.

2. Migliore L., Colognato R., Naccarati A, Bergamaschi E. (2006) Relationship between genotoxicity biomarkers in
somatic and germ cells: findings from a biomonitoring stiiytagenesis21 (2):149-152.
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The genetic structure of musk oxen populations, using ISSR -PCR

markers

Irina Elsukova Taras Sipko, Nikolay Badrukowalery Glazko

Russian State Agriculture UniversityMAA named after K.A. Timiryazev, Russian Federation,
irinaelsukova@gmail.com

Population decreasof several species of ungulates leads to necessity for their condition
contr ol and for work on their reintroducti on
(inhabiting on the Taimyr Peninsula, on the Wrangell Island and on the Greenland Island)
genetic structure was studied using ISBEBR (InterSimple Sequence Repeat). Twenty animals
were brought to the Wrangell Island from the Nunivak Island (the USA). From the same initial
population on the Taimyr Peninsula 20 musk oxen and 10 animals frorBathies Island
(Canada) were inhabited.

To the Nunivak Island the population have been imported from eastern Greenland.
Population of musk oxen inhabited at the Banks Island was sufficiently large and heterogeneous.
West Greenland population (the Greeddsland) in our studies was used for comparison as
successfully reintroduced (musk-founders were moved from the native populations of the
eastern part of Greenland). To investigate the genetic structure of populations (estimate of the
proportion of poymorphic loci, polymorphic information content of each locuRIC) ISSR
PCR method was used. As the primers in polymerase chain reaction (PCR) fragmeraacf di
trinucleotide microsatellites with anchor nucleotides (AG)9C, (GA)9C, (GAG)6C was used.

Ead amplification product was considered as a separate locus.

Total polymorphism was estimated by 20 loci. Monomorphic (conservative) and
polymorphic DNA fragments of specific length, flanked by inverted repeats of these primers was
defined.

Monomorphic fo all populations of musk oxen were the following loci: in the amplicons
spectra of PCR primer (AG)9C DNA fragment length 450 bp, primer (GAG) 6@ and 510
bp, primer (GA) 9C- 570 and 500 bp. In the spectra of PCR primers (GAG) 6C only among
musk ox@& of the Wrangell Island's population a DNA fragment 910bp in lengt was met, this
fragment apparently can be a marker for this population. Comparative analysis of PIC values for
all three populations of musk oxen indicates that the population of the Wrasiged is
different from the other two with the lowest average heterozygosity. Genetic distances, reflecting
the specific characteristics of genetic differentiation between the studied populations, were
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highest between a group of animals from the Wrlrigeand and the other two, in comparison
with the genetic distance between populations of the Greenland Island and Taimyr Peninsula.

On the basis of calculating the values of genetic distances by the method of Nei, 1972
constructed a general dendrogrémat takes into account all the received loci showing genetic
relationships between the studied groups of animals.

Obtained data shows the complexity of the genetic processes occurring in generations
reintroduced on the Wrangell Island and the Taimyriri®efa populations of musk oxen.

Spectrum of the amplification products can identify a number of molecular genetic
markers of various genomic sites, which may be used later to control the dynamics of the genetic
structure of each population and to tak@rapriate measures to preserve population. The lowest
|l evel of heterozygosity (PI C) we have ident
may indicates its determine a disadvantage, probably due to the relatively high level of
inbreeding. Comparingnformation about importation of animals and the dates of our study, it
must be concluded that for introduction as a founding population the maximum possible number
of animals from heterogenous population or from genetically unrelated population should be

used.

CodY regulon in Bacillaceae

Ekaterina Ermakova Mikhail Gelfand, Dmitry Rodionov?

Institute for information transmission problems RAS, Russian Federatiorakova@iitp.ru
2Burnham Institu¢ for MedicalResearch, United States

Transcription factor CodY is a global regulator of nutrient limitation and amino acid
metabolism in Firmicutes studied mostly in B. subtilis. Starting with a set of 42 experimentally
verified binding sites in B. subtilis (Belitskgnd Sonenshein 2008 and B. Belitsky, personal
communication), CodY regulon was analysed in Bacillaceae using comparative genomics
methods. We show that CodY regulon in Bacillaceae consists of at least 135 clusters of

orthologous operons having conservaaling sites.
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Diversity of the restriction -modification systems in full

prokaryotic genomes

Anna ERSHOVA?® Sergei SPIRIN? Anna KARYAGINA'® Andrei ALEXEEVSKI?

'Belozersky Institute for Physical and Chemical Biology, Moscow State University
“Scienific Research Institute for System Studies (NIISI RAS), Moscow
*Gamaleya Institute of Epidemiology and Microbiology, Mosasershova@gmail.com

Restrictioamodification (RM) systems prevent host cells from &srons of foreign (e.g.,
phages) DNA. A typical RV system has two activities: (1) DNA cleavage in specific sites,
which resultsin destroyingof the foreign DNA; (2) DNA methylation of the same sites,
preventing cleavage of the host DNA. In addition tti-ahage protective role of-Rl systems,
they were hypothesized to be selfish genetic elements [1]. Each activity eiVagyRiem may
correspond to a single protein (a restriction endonuclease (RE), an@MAltransferase (M),
or a fusion RM protein), oa complex of proteins. For all annotateelVRsystems, genes of
separate RE and M proteins are linked in prokaryotic genome [2;/4] si&stems are classified
into four types (ilIV) [2]. In this work we deal with RM systems of types |, II, and lll, which
cleave normodified DNA sites.

To reveal diversity of RM systems, we have studied the distribution eMRsystems
(data from REBASE [3]) in 1032 complete prokaryotic genomes (including available data on
plasmids). Here we discuss: (i) l#gyle of the oganisms free of RM systems and ones
possessing extremely high number of them, (ii) distribution of complete and incomplete (i.e.
lacking RE or M gene) B/ systems, and (iii) existence of a number of scatterdd $/stems.

We found 75 genomes free ofMR systems, 73% of them are genomes of intracellular
endosymbionts. As much as 65% of intracellular endosymbionts and only 2% of free living
prokaryotes are free of-Rl systems. Absence of-R systems highly correlates with absence of
CRISPR cassettes, anatherokaryotic antiphages protection system. Data on distribution of
CRISPR cassettes in complete prokaryotic genomes were downloaded from IMG database [4].
We suppose that most prokaryotes having no known protective systems actually do not meet any
bacterophages in their life. These data in association with Ichizo Kobayashi hypothesis [1]
allows to interpret the relations betweeiMRsystems and their hosts as mutualistic.

In 957 genomes we identified 2257 complete and 3017 incompldte siistems. The
majority of prokaryotic genomes carryi 4 complete andi¥4 incomplete RM systems. Only a
small fraction of incomplete 1 systems have known biological role (Dam methyltransferases
are among them). Thus, either genes of incompletd &/stems play yet unknawbiological
role or incomplete RVl systems are disabled. In the latter case, a large number of incomplete R
M systems points to active-R expanding that confirms Kobayashi hypothesis.
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Among incomplete RM systems we found 35 putatively active RE geneadking paired
active M gene in its vicinity (solitary RE genes). Among them therebaref type |, 38 of type
Il and 35 of type Ill. Note that bacteria with a functional RE gene of typeM &/stems cannot
survive without corresponding active M genen@de RE molecule of such systems will cleave
the unmodified host DNA). We proposed that in such cases the cell death may be prevented by a
gene of a paired active M localized rather far from the RE gene in the genome. HereMuch R
systems are called saitd RM systems.

For each solitary RE gene and a candidate to a paired M gene, genomes carrying
orthologs of both RE and M genes were determined. Bidirectional Best Hits method was used for
orthologs detection. Such pairs (RE gene, M gene) were considsrpdtative scattered-R
systems. 19 scattered M systems of type | and 10 scatteredvVRsystems of type Il were found
(see Figl for examples). Existence of remaining solitary RE genes may be explained either by
the lost of their functionality or byaresence of a paired M gene in a plasmid genome.

A) RE 160 kb M
B. pertussis v T
RE M 1kb
B. bronchiseptica Uy g 1 11111111111)
B) M S 226kbg M 235kb RE
S. aureus MRSA252 I D v- I /////////////////////%
. S M RE
S. saprophyticus. @ N <7277
subsp.saprophyticus

Fig. 1. Scattered R/ systems. Orthologous proteins are filled similarly. A) Scatterdi System of type Il in the
genome of Bordetella pertussis compared to th$ystem of Bordetella bronchisepti&.Scattered PV system
of type I in the genome of Staphylococcus aureus MRSA252 compared tdtkgsiem of Staphylococcus
saprophyticus (see text for explanation).

In [5] activity of genes of RE, and both paires of M and S subunits (S is the remognit
subunit for type | RM system) of S. aureus (Fig.1B) was demonstrated experimentally.
Functional cleavage complex RES can be formed either by one pair of (M,S) genes, or by
another pair. On the best of our knowledge, this is the only describddrature example of R
M system, considered as scattered in our terminology.

Our findings of other scattered systems, in the case of experimental confirmations, may
shed light on complicated relations between RE and M genes in host genomes.

Kobayashi | 2001.Nucl. Acids Ref9: 3742 3756.

Wilson G.G 1991 Nucl. Acids Red.9: 2539 2566.

Roberts, R.J., Vincze, T., Posfai, J., Macelis, D. 20l@l. Acids ReL8: D234-D236.
Kyrpides N. C. etal. 201ucl. Acids Re88: D382-D390.

Lindsay J. A., Waltbn D. E. 2006Journal of Bactriologyl88(15): 5578 5585.
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In the la$ two decades, analysis of genetic variation data, particulalry single nucleotide
polymorphisms (SNPs), has been widely applied for the study of populations, and resulted in the
discovery of genetic risks for disease, as well as the characterizationlatfenary processes,
such as the inference of recombination hotspots, and regions under selection. The
characterization of the genetic diversity across different populations has been playing a central
role in these studies; particularly, such characteomais used for population stratification in
genomewide association studies [1], and for the discovery of novel associations of SNPs to
disease through admixture mapping. Moreover, by exploiting the differnces in genetic variation
across different populians, it has been possible to detect genes that have been under selection,
and to learn about human history [2, 3, 4, 5, 6, 7, 8].

Genetic variation is useful in understanding all the above as the genetic information of an
individual carries with it the Btory of her ancestrals. In particular, it has been shown several
ti mes that genetic variation encodes with hig
closely related populations such as the European populations [9].

The information obtaineddm the DNA, the genotypes of a sample of individuals from a
population, is a multidimensional data which can be thought of as a matrix of individuals and
SNPs. Principal component analysis (PCA) is typically perforemed in order to relate the
i ndi v igehotyge t0 &s geographic location. PCA projects information from hundreds of
thousands of genetic variants onto two dimensions which maximize the observed variance. In [9]
it is shown that the projections of individuals on these principal componenty ithier locations
of their ancestral populations with a remarkably high resolution. The underlying cause of this
observation is that genetic variation encodes spatial structure [5]. That is, individuals originating
close to each other tend to have more Isimgenetic variation than individuals who originate
from different regions.

Prinicipal Component Analysis is a natural choice for the analysis of genotype data, as it
is a classical statistical tool for dimension reduction, which has been well studiatumber of
areas, including statistics, machine learning and pattern recognition. Mathematically, PCA looks
for the lowrank approximation to the covariance matrix among all the samples. While PCA
remarkably captures the locations of individuals, the ggad components themselves only
indirectly capture the spatial structure of genetic variation, and it lacks direct -trasked
interpretation. In this paper we propose an alternate, more natural approach for modeling spatial
structure of genetic variatiowhere we explicitty model how the allele frequency of each SNP
changes as a function of the location of the individual in space (i.e., the allele frequency is a
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function of the (x, y) coordinates of an individual in the map. We derive an Expectation
Maximization algorithm that simultaneously estimates the posgjmetific allele frequencies of
all SNPs, and the (x, y) magpordinates of each genotype inthe sample.

We demonstrate the utility of our model in a few scenarios. First, by utilizing the dct th
our model provides an explicit representation of the allele frequency as a function of the map
coordinates, we demonstrate that the model can predict the geographical origins of an individual
even in the case that the individual is of mixed ancestiy, (&panish mother and Swedish
father); in contrast to PCA, which will map such an individual to central Europe, our approach
maps the two parents directly. Second, we detect regions under selection by searching for SNPs
in which the gradient of the allelfequency function differs significantly from the average
gradient across all SNPs. Our prediction for regions under selection is consistent with previous
methods for selection detection, such as iHS [10] and Fst [11], and regions under selection such
as the LCT and HLA regions stand out clearly using our method. In contrast to previous
methods, however, our method does not require a homogeneous population (such as in the case
of iHS), or a dichotomous parition of the population into subpopulations (@.gst analysis).
This allows us to detect additional signals of selection across the genome that were not detected
previously. Finally, we extend our approach to model spatial structure over the unit sphere to
predict the spatial structure of worldwideputations.
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The evolution of a group of taxa or genes is generally perceived as a single tree. However,
Analyses based on data from diffetegenes return different trees. Moreover, different analysis
on a data also result different trees. So, phylogeneticists often confront with several different
trees and want to summarize the collections of partial phylogenetic trees in the form of
supertees or supernetworks. In this paper, we introduce a new algorithm based on simulated
annealing for constructing phylogenetic supernetworks from partial trees. Before describing the
algorithm, first we summarize some necessary concepts.

Suppose thaX is afinite set of taxa. Asplit A|B of Xis a bipartition ofX, i.e., a partition oK

into two norempty sets or partd andB with AzB=X andA Z B%. A split A|Bis calledpartial
split if AzBO X. A phylogenetic tregon X) is a tree with leaves labelled By Each edge of a
phylogenetic tree naturally gives rise to a split. A collection of splits of efraaular if it has the
following property: There exists an orderiag ..., x,, of X such that every split is of the form

{0, %40, 0, X — {x4, %444, ., %} fOr somei andj, 1 <i <j<n. We say that a split is

realized by a circular ordering if it has above property. A. Dresisia H. Huson proved that
circular collections of splits always have a planar splits graph representation [1].

Now, suppose a collection of partial trees is given. Our algorithm, SNSA (Super Network
Simulated Annealing), extracts all partial splits froart@l trees. Then it tries to find a circular
ordering based on simulated annealing such that the number of realized partial splits is maximal.
After producing circular ordering, the collection of splits obtained from the circular ordering are
weighted uslg nonnegative least squares. Then, we use SplitsTree4 program [2] to draw
supernetworks from these weighted splits.

To illustrate the applicability of SNSA, we performed it on 2 biological datasets, which are
available in splitstree4 program, and congmhthe outputs with-Llosure [3]. Figures 1 and 2
show the supernetworks obtained by both algorithms. For small dataset, 2galles, the outputs of
both algorithms are the same (Figure 1). But for large dataset, fungi, the results are different

(Figure 2). Acording to what we see in figure 2, it seems that both algorithms give the same
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classification of taxa and exhibit the same major splits. But the supernetwork obtained by SNSA

is simple and less complicated than supernetwork obtained-®pstire. One othe main

advantages of SNSA is that it produces a planar network. So, analysis of supernetworks obtained

by SNSA is more comfortable than supernetworks obtained dgsdire.
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Figurel The SNBA network (Left) and the-Llosure network (Right) for the 2galles data set

Figure2 The SNSA network (Left) and the@osure network (Right) for the fungi data set.
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