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NBMuMI" CO PAH

Hupexrop — unen-xkoppecnonneHT PAH Cepreit Uropesnu Kabanmxun

WHCTUTYT BBIYMCIUTEIBHON MATEMATUKNA U MaTeMaTH4eckoil reopusnku Cudupckoro
otaeneaus PAH (MBMuMI' CO PAH), panee Brruncnurensusiii Learp CO AH CCCP (BI]
CO AH CCCP), coznan pacnopsokenuem CoBeta MunuctpoB PCOCP Ne 1693-p ot 4 mast
1963 r. u mocranoBnenueM Ipesuanyma Axagemun Hayk CCCP Ne 455 ot 24 mast 1963 1.

OcHOBHBIE HanpasiieHus HayyHol nestensHoctd UIBMuMI™ CO PAH:

*  BBIYUCIHUTENIbHAS MAaTEMATHKA,

*  MareMaTH4ecKoe MOAEIMPOBAaHHE U METOMbI IPUKIIAJIHON MaTEMAaTUKH,
*  @apajulelbHbIE U PACIIPEACICHHbIC BBIUUCICHUS,

*  UHGOPMALUOHHbIE CUCTEMBI.

B cocras UBMuMI" CO PAH BxozaT 19 Hayunbsix naboparopuii. Ha konen 2015 . B uncTHTYTE pado-
TaroT 298 COTPYIHUKOB, B TOM uHcie onuH akanemuk PAH, nBa unena-koppecnonaenta PAH, 43 moxk-
TOpa HayK, 84 kaHAuAaTa Hayk.

NBMuMI" CO PAH siBiisieTcs IpU3HAHHBIM JIMIEPOM B 001aCTU pa3pabOTKU YUCIEHHBIX METOOB pe-
MICHUS IPSIMBIX M OOPATHBIX 3a1ad MAaTeMaTHUEeCKOi (DH3UKH, METOIOB YHCICHHOTO CTATHCTHIECKOTO
Mozenuposanus (MeronoB MonTte-Kapiio), reodusuky, Gusuku atmocdepsl, OkeaHa U OKpyxkKaromei
CpeIbl, XUMHH, JeKTPpoU3HKH. PazpaboTaHHbIE alTOPUTMBI H IPOTPaMMBI TIPAUMEHSIOTCS IPH petre-
HUM aKTyaJbHBIX 3a[a4 PalMOHAIBHOIO HPUPOAONOIb30BAHUS, IOUCKA MECTOPOXKACHUNH HepTU U
rasa, peCKa3aHus MIPUPOTHBIX W TEXHOTCHHBIX KaTacTPOo(d M OIMEHKH UX ITOCIEACTBHH, 30HIHPOBa-
HYSL 3eMJIM U3 KOCMOCa, MEIULIMHBI, HAHOMHYCTPUH, HH(HOPMALIMOHHOH 0e30I1aCHOCTH, pa3paboTKu
MEPCIIEKTUBHON CyNepKOMITBIOTEPHON TEXHHUKH.

B unctuTyTe paboTarot ceMpb Hay4dHbIX ceMuHapoB. UBMuMI CO PAH siBnsieTcst 6a30BbIM HHCTHUTY-
ToM i1 uetelpex kadenp HI'Y u nByx xadenp HI'TY. B uncruryre npoBoautcs o0yueHue B acIupaH-
Type 10 IeCcTH 00pa3oBaresibHbIM Mporpammam (crenuansHoctsiM). B UBMuMI™ CO PAH pa6orator
JIBa COBETA I10 3aLIUTE JUCCEPTALMN Ha COUCKAHUE YUCHOH CTENCHU KaHIUaTa HayK, Ha COMCKaHUe
Y4EHOMU CTENEeHU JAOKTOpa HayK.

Ha 6a3e UBMuMI" CO PAH co3nansbt LleHTp KOJIIEKTHBHOTO 1MOJb30BaHusl “CHOUPCKUI CyNepKOM-
nbrotepHblil nenTp CO PAH», @onp anropurMos u nporpamm CO PAH.
NBMuMI" CO PAH u3paer crnemyromniue HayqHbIE )KyPHAIIBI:

*  Cubupckuii )xypHan BeIUMCIUTENbHOIM MaTemaruku (Numerical analysis and applications)
*  IIpoGaembl UHGOPMATHKU
*  Bulletin of Novosibirsk Computing Center
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INVESTIGATION OF THE INFLUENCE OF GENOTYPE
ON THE STRUCTURE OF THE CIRCULATORY SYSTEM
LABORATORY MICE

A.E. Akulov?, S.V. Maltseva® 2, M.P. Moshkin® 3, A.K. Khe*4 A.A. Cherevko® 4,

A.P. Chupakhin®*, G.S. Yankova®*

Lnstitute of Cytology and Genetics SB RAS, Novosibirsk, Russia
2Soholev Institute of mathematics SB RAS, Novosibirsk, Russia
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4Lavrentyev Institute of Hydrodynamics SB RAS, Novosibirsk, Russia
* Corresponding author: galinayankova2703@gmail.com
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analysis, CFD

Motivation and Aim: Investigation of the structure of the circulatory system is of
interest both in scientific terms and in terms of applications. The assumption about the
relationship of genotype and vasculature structure is a natural. In this paper we consider
models of vessel net for two genetic lines of laboratory mice. The purpose of the work
is to compare the vascular network models of two genetic lines of animal.

Methods and Algorithms: MRI scanning was realized using the variation of slope of
scanning plane method for the construction of the vascular network configurations [1].
The hemodynamic calculations for the constructed models were carried out using
software ANSYS/CFX on the base of supercomputer center of Novosibirsk State
University. On the basis of the obtained configurations was carried out statistical analysis
of the blood flow parameters.

Results: Construction of models of vascular channel for laboratory animals of two
genetic lines using method of variation of slope of scanning plane realized in the paper.
On the basis of data obtained as a result of statistical and numerical analysis of two
genetic lines of laboratory mice it was shown absence of influence of TNF knock-out on
morphological and hydrodynamic characteristic of Willis' circle.

Conclusion: The method of variation of scanning plane shown its efficiency and
allowed for construction models of vascular channel suitable for hemodynamic
calculations and statistical analysis of vessel architectonics.

Acknowledgements: The study was completed thanks to the support of Russian
Science

Foundation (project Nel14-35-00020, all MRI experimentation studies using Bruker
BioSpec 117/16 USR scanner), Russian Foundation for Basic Research (project Nel4-
01-00036, mathematical modelling) at the site of the Centre for Laboratory Animal
Genetic Resources, Institute of Cytology and Genetics, SB RAS (RFMEFI61914X0005
and RFMEF162114X0010). Also, study was supported by grant SS-8146.2016.1.
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Varying the Slope of the Scan Plane in High-Field Magnetic Resonance Imaging. Applied
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HLA TYPING PIPELINE FOR AMPLICON SEQUENCING

0.S. Altukhova'*, P.1. Borovikov!, T. Jankevi?, I.S. Balashov*
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Motivation and Aim: Dissimilarity of human leukocyte antigens (HLA) are primary
reason of organ transplant rejections. In selecting donors becomes necessary genotyping
— identifying specific alleles of HLA genes. One of molecular methods for solving this
problem is a high-performance new-generation sequencing (NGS). A feature of HLA
genes is their high polymorphism. For example, the database IMGT/HLA [1] contains
14473 alleles I and 11 classes HLA. Alleles can be different only a single substitution in
exon, therefore considering sequencing errors, the correct identification the allele is a
specific task. The conception of our work is the development of software for the analysis
of high-throughput sequencing data obtained for HLA typing.

Methods and Algorithms: In this work was used pairwise alignment algorithm (semi-
global) based on method of dynamic programming and OpenMP, NVIDIA CUDA
technologies [2]. For the separation reads into two groups (two alleles) PAM
(Partitioning Around Medoids) clustering algorithm was applied. To calculate the
distance between reads we have proposed an approach based on identifying the most
appropriate nucleotide positions by which a plurality of reads is well divided into two
groups (and filtered positions arising from sequencing errors).

Results: As a result of our work, the software has been developed by which identified
alleles of genes HLA 1 and Il classes. The result is displayed in the G (HLA alleles that
have identical nucleotide sequences across the exons, 2 and 3 for HLA class | and exon
2 only for HLA class Il alleles, encoding the peptide binding domains) and P (HLA
alleles having nucleotide sequences that encode the same protein sequence for the
peptide binding domains) nomenclature. It is possible to trim the primers and configure
alignment algorithms.

Conclusion: The use of dynamic programming algorithm for pairwise alignment
allows for greater precision than using heuristic algorithms. At the same time, the use of
technology for parallel computing significantly reduces the operating time. Further
divisions reads group belonging to the same gene/exon helps to distinguish significant
positions of nucleotides, which belong to different alleles, and positions that arise due to
sequencing errors.

References:
1. Robinson J, Halliwell JA, Hayhurst JH, Flicek P, Parham P, Marsh SGE. (2016) The IPD-
IMGT/HLA Database - New developments in reporting HLA, Human Immunology, 77:233-237
2. Liu, D. Maskell, and B. Schmidt.(2009) CUDASW++: Optimizing Smith-Waterman Sequence
Database Searches for CUDA-enabled Graphics Processing Units, BMC Research Notes, 2(1):73.
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vlIincRNA DATABASE: TOOL FOR VERY LONG INTERGENIC
NON-CODING RNA FUNCTIONAL ANNOTATION

D. Antonets24*, Y. Vyatkin?3, D. Luppov??, P. Kapranov®®, M. Ri?3, O. Saik?3®,
D. Shtokalo23
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* Corresponding author: antonec@yandex.ru
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Motivation and Aim: Vast amount of INcRNA species have been discovered recent
years in mammalian genomes and stored on the web. However there is an impressive
misbalance between portion of at least 10% of human genome occupied by non-coding
RNA and relatively few facts known about its function. Our results suggest that
vlincRNAs represent a hitherto hidden layer of regulation involved in critical biological
processes and diseases. Many of them are highly expressed in cancers, and some are
expressed in stem cells and appear to be regulated by transcription factors involved in
stem cell differentiation [1]. Here we present our vlincDB — a web-tool for functional
annotation and analysis of human very long intergenic non-coding RNAs.

Methods and Algorithms: vlincDB web-site was created with PHP (v.5) and bootstrap
framework (v.3.3.6), all annotation tables are stored in MySQL database (v.14.14).

Results and Conclusion: VIincRNA database, provides both the list of 5151 putative
very long intergenic non-coding RNA transcripts and the list of separate 1542 vlinc RNA
genes. The integrated analysis of genomic features leveraged by transcription level data
measured in 833 tissues and cell lines by FANTOMS5 consortium allowed us to predict
possible functions of vlincRNA genes [1]. The database provides annotation and a tool
of search by gene ontology categories, SNP traits, chromatin modification states, ChlP-
seq signals in vlincRNA genes promoter regions, by overlapping known IncRNA, nearby
genes and other. Advanced tools implement scenario of overlapping vlincRNA genes
with user-defined genomic intervals (provided in BED format), GO terms enrichment
analysis and classification into cancer/normal/stem-cell categories according to
FANTOMS gene expression data. All annotation data can be downloaded.

Availability: http://office.nprog.ru:8081/table.php

References:
1. G. St. Laurent et al. (2016) Functional annotation of the vlinc class of non-coding RNAs using
systems//Nucl. Acid Res., doi: 10.1093/nar/gkw162.
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FEATURES OF SOLUTION OF SOME INVERSE PROBLEMS
IN PK MODELS WIITH FIRST ODER ABSORPTION

N. Asmanova*, A.l. Illin
JSC “Scientific center for anti-infection drugs”, Almaty, Kazakhstan
* Corresponding author: asmanova@inbox.ru

Key words: one- and two-compartment models, first order absorption, direct and inverse problems in
Pharmacokinetics

Motivation and aim: Previously [1] we have shown, that for one- and two-
compartment models with first order absorption, the equations of C —t curves of blood

have 2 and 3 solutions respectively. Whenk, =k, the equation (2) becomes (3) and
the number of solutions increases to infinity [2]:

C, = Ale™" —e™) @
C=Ae"+Ae" - Ae™ @)
C,=AE"-e) 3)

The purpose of this work is to identify how the features of the equations (1-3) are
reflected on the solution of inverse problems.

Methods: Inverse problems for models with desired properties were solved by the
conjugate gradient method.

Results: It is revealed that the solution of inverse problems depend on the relations

between the coefficients K, a and f in original system (1-3):
k,za>p,2ev,, 4); a>k, > B, 2ev, (5); a>k, =Ky, > B, 28V iackn

(6).

PK parameters of direct and inverse problems coincide only for the case (4), original
relation (5) is transformed to (4): 2ev,,, <> 2ev,,, and any version of the system (6) is

irreversibly converted into one-compartment model (1): 2eV(a_io1 —> 1€V, -

The parameters of the inverse problems differ from their actual values an
underestimation of peripheral compartment up to its full vanishing (case 6, a well-known
phenomenon of the vanishing exponential) and the overestimation of the rate constant
of absorption and volume of distribution of drugs. These data are consistent with the
results of works [1,2] and experimental data of PK literature.

Conclusion: Discrepancies between the solutions of direct and inverse problems can
lead to systematic errors in the evaluation of the properties of drugs. It is likely that the
drugs, classified as type (4) in fact are characterized by the relation (5), and one-
compartment models are one of the variants of their two-compartment counterparts.
Selecting one of the solutions for system (2), or their certain set in the case of (3) can be
made only with additional independent information, such as, for example, iv bolus data.

References:
1. Asmanova N., Koloskov G., Ilin A.l. (2013) Coupled solutions of one- and two- compartment
pharmacokinetic models with first-order absorption J. Pharmacokinet. Pharmacodyn. 40:229-241
2. Asmanova N., Koloskov G., Ilin A.l. On Issues of Nonuniqueness of Solution to Some Problems
in Pharmacokinetics and Appraisal of Excretion dates Capabilities in their Resolving. Abstracts
of sectional reports MODERN TECHNOLOGIES FOR DEVELOPMENT OF ANTI-
INFECTIOUS DRUG Almaty, 2014, 17-19 September, P.133
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FLIP-FLOP PHENOMENON IN TWO-COMPARTMENT
MODELS WITH FIRST ORDER ABSORPTION

N. Asmanova*, A.l. llin
JSC “Scientific center for anti-infection drugs, Almaty, Kazakhstan
* Corresponding author: asmanova@inbox.ru

Key words: two-compartment models, flip-flop phenomenon, inversion line, infinity number of solutions,
drug concentration in peripheral compartment

Motivation and aim: The reduction of PK model dimension at the transition from
intra- (iv ) to extravascular (€V) drug administration - is a well known fact in practice
of the solution of inverse problems. As one of its reasons mistakenly believed the

condition: k, = K,,. Actually, PK equation (1) for such system combines into itself the

properties 1ev and 2ev models simultaneously. The number of solutions forlev model
remains equal to 2 and in 26V case, as shown from schematic representation (2),
increases to infinity [2]:

C,=A "™ -e) ) lev(l)[2ev(Il), 2ev(ll),, .., 2ev(Il); ... 1lev(ll) (2)
The aim of this work was to study the patterns of individual solutions 2ev(ll), on the

basis of the numerical simulation.
Results: It has been revealed that the totality of solutions for the two-compartment
model in the bracketed expression (2), consists of an infinite number of twin solutions

differing from one another by the usual (K, > K;,) and flip-flop (K, <K,) combinations

of the absorption (K, ) and elimination (K, ) rate constants:

2eV(INyecianjoy € 26V aciczy iy ®)
These solutions coincide on inversion line, where the magnitude of rate constant Kk,
reaches its maximum whose value can be found as follows:

Kioray =+ B — 2@ 4

The drug concentration in compartment 2, as proposed in [2] and also in a number of
works, is calculated relative to the volume of central compartment -V, because it allows
comparing the amount of drug in blood and tissues using the same scale. Generally

accepted volume of peripheral compartment V, such possibility does not give.
Conclusion: An important conclusion in practical terms: due to loss of the initial
value K, in equation (1) inverse problem in this case becomes almost unsolvable [3].

Using Ky, ONE can evaluate the possible contribution of the second compartment and

choose one of the groups of solution (3).

References:

1. N. Asmanova, G. Koloskov, A.l. Ilin. (2014) On Issues of Nonuniquenes of Solution to Some
Problems in Pharmacokinetics and Appraisal of Excretion dates Capabilities in their Resolving
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THE PATTERNS OF CORRELATIONS BETWEEN HALF-LIFE
- t,,AND MEAN RESIDENCE TIME-MRT FOR PK MODELS

OF DIFFERENT DIMENSIONS AND MODE OF DRUG
ADMINISTRATION

N. Asmanova*, A.l. llin
JSC “Scientific center for anti-infection drugs”, Almaty, Kazakhstan
* Corresponding author: asmanova@inbox.ru

Key words: half-life, mean residence time, one- and two-compartment models, intra- and extravascular
drug administration, t,,, — MRT correlations

Motivation and aim: As per physical sense, a half-life - t,,, cannot exceed MRT -
mean residence time and their ratio - t;,, / MRT should be equal to In2. In practice, this
rule may be violated and even there are cases, when t,, > MRT . Unlike [1], the

purpose of the study is the patterns of change t,,, / MRT values for PK models of
different dimensions and take into account the problem of nonuniqueness of solutions
of C —t curve equations for them [2].

Methods: Revealed patterns of deviation t,,, / MRT from In2 as well as conditions

of their realization are verified by analysis of mathematical tool, numerical simulation
and experimental data from literature.

Results: It is shown that deviations from the rule: t,,,/ MRT =In2, which are true

only for one-compartment model with intravascular administration (1iv ), are logically
related with the number of compartments in a PK model and mode of drug

administration. Thus, the deviations t;,, / MRT from In2 for one-compartment model
with extravascular drug administration (1eV ) are negative only. In two-compartment
models with iv administration (2IV ) they are always positive, but even, it is possible to
find cases, when t;,, > MRT . The nature of deviation in two-compartment models with
ev drug administration (2ev) depends on correlation between elimination,
redistribution and absorption contribution. Therefore the deviations t,,, / MRT from In2
can be not only positive or negative, but also close to zero.

Conclusion: According to the results of this study, the deviation of t,,, / MRT values
from In2 is a reflection of unrecorded processes of absorption and redistribution and their
interrelations with the various contributions of the drug elimination. MRT and t,;, , are

not unambiguous measure function of eliminating drugs, as is comr_nonl¥ believed.They
can be taken as the peculiar characteristics the departure of properties of more complex

models from the simplest case -1iv model. Individually they do not demonstrate this
property in an explicit form, but their relation t,,,, / MRT in this regard is more
informatively and can be recommended as an additional features of the drug.
References:
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A MODEL OF 3 CELLS INTERACTION
IN D. MELANOGASTER’S PRONEURAL CLUSTER
OF THE WING IMAGINAL DISK
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Motivation and Aim: We describe phase portrait of 9-dimensional dynamical system
which models early stage of morphogenesis of D.Melanogaster, namely, appearance of
its parental cell in the proneural cluster containing 3 cells Ki, K;, Ki. We give
classification of equilibrium points of this system and show that 3 of them are stable.

Methods and Algorithms: Our description of phase portrait of this gene network

model is based on geometrical methods elaborated in [1], [2].
Results: Dynamical system

dx dy dz .
"—=f(z)-X;—""=0c(X )-y ; —"= J+c(y)—-z,; (1) jkm=123,
o= T e = o)y, e =a(y ) +e(v) -2, (D))

describes interaction of 3 cells in the proneural cluster. Indices jZm#k#j correspond to
different cells. Positive variables ¥x;, yj, zj denote concentrations of the proteins AS-C,
Delta and Notch, respectively, in the cell K;. Monotonically decreasing function f is
positive and describes negative feedback (Notch)y--- € (AS-C)nm in Kp; functions ¢ and
¢ describe positive feedbacks in the cells (AS-C)m—(Delta)n and between them
(Delta)v—(Notch)m«—(Delta);, respectively, they grow monotonically. We assume that
the cells are identical at the early stage of development, thus, for all these 3 cells the
equations of 9-dimensional dynamical system (1) for each protein are identical,

2
B 'g(y):i, see [2], where we studied two cells
+y

f(z)=fzz;a(x)=

interaction.
We find equilibrium points of the system (1) from the system of 9 algebraic equations

Xy = £(z,,); z,, =¢(Y,)+5(Y;) . For awide domain of positive parameters A, B, C, a,

we show that this system has exactly 7 solutions. One of them corresponds to unstable
equilibrium point X;=x,=x3>0, y1=Yy>=Yy3>0, 21=2,=25>0. We show that 3 partially symmetric
solutions 0< zx= zj< zy etc. also correspond to 3 unstable equilibrium points. The rest partially
symmetric solutions zx=z;> zn > 0 etc. describe 3 stable equilibrium points; for each of them,
corresponding K, becomes the parental cell in the proneural cluster.

Conclusion: We describe geometry of phase portrait of the model of an early stage
of D.Melanogaster morphogenesis. All equilibrium points are listed. Biological
interpretation is given.

Acknowledgements: Supported by RFBR, grant 15-01-00745.
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2. A.A.Akinshin, T.A.Bukharina, V.P.Golubyatnikov, D.P.Furman (2014) Mathematical modeling
of two cells interaction in the proneural cluster of the wing imaginal disk of D.Melanogaster.
Vestnik of Novosibirsk state university. 14(4): 3-10.
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PREDICTIVE MODELS OF EARLY-ONSET PREECLAMPSIA
BASED ON THE BLOOD PLASMA MICRORNA EXPRESSION
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Motivation and Aim: Preeclampsia, a multisystem pathological condition
complicating pregnancy, is a leading cause of maternal and perinatal mortality. The
pathogenesis of preeclampsia is associated with differential expression of the protein
products of genes involved in the relevant signaling pathways. Epigenetic regulators of
these signaling cascades are small non-coding RNAs (miRNAS).

Methods and Algorithms: Preeclampsia, a multisystem pathological condition
complicating pregnancy, is a leading cause of maternal and perinatal mortality. The
pathogenesis of preeclampsia is associated with differential expression of the protein
products of genes involved in the relevant signaling pathways. Epigenetic regulators of
these signaling cascades are small non-coding RNAs (mMiRNAs).

Results: Comparative evaluation of the model quality was based on the maximum
likelihood function and the number of predictors. For each model, dichotomy boundary
between groups was adapted in accordance with the maximum sensitivity and
specificity. Two predictive models based on the analysis of the expression level of miR-
423-5p, miR-181a-5p and miR-92b-3p were developed, providing equal values of
sensitivity (87%) and specificity (80%), but predicting different values in 23% of cases.
Linear combinations of the predicted values were proposed to use in order to compensate
the classification errors.

Conclusion: The employment of linear combinations of predictive models for early-
onset preeclampsia based on blood plasma miRNA expression level can increase the
sensitivity of the test up to 92% and specificity up to 100%.
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Motivation and Aim: Klebsiella pneumoniae (K. pneumoniae) - one of the causative
agents of nosocomial infections. K. pneumoniae has the ability to spread rapidly in the
hospitals, has the resistance to a wide range of antibiotics, as well as the possibility of
prolonged asymptomatic carriage and a high incidence of infectious complications in
patients with reduced immunity. Antibiotic resistance is currently based on growth
inhibition assay, which is not an optimal method in case of need for early appointment
of antimicrobial drugs. The aim of this study is to develop an algorithm for a predicting
of antimicrobial drug resistance based on data of the strain genotype.

Methods: Klebsiella strains were analyzed by next-generating sequencing. The reads
were aligned with the nucleotide sequences from the database of antibiotic resistance
genes ResFinder. Selecting of the most promising gene-predictors was performed by
estimating of concordance of the phenotypic resistance and the presence of the gene in
samples using the Jaccard similarity measure with the normalized proportion of the
covered nucleotides as a weighting factor.

Predictors were clustered according to similarity measure based on editorial distance.

Results: The clusters of antimicrobial resistance genes-predictors for K. pneumoniae
hospital strains have been identified. The median of the accuracy of the prediction
antimicrobial resistance by identifying one or more genes from identified clusters - 0.79.

Conclusion: The proposed algorithm could be used in the development of test
systems for rapid diagnosis and epidemiological monitoring of antibiotic resistance.

Acknowledgements: The study is supported by agreement Ne 14.607.21.0019
Ministry of Education of the Russian Federation "Development of molecular-genetic test
systems to evaluate the pathogenicity and resistance of pathogens nosocomial and
opportunistic infections in the mother and the newborn"(2014-14-579-0001-065).
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CYCLES OF DISCRETE DYNAMICAL SYSTEMS
OF A CIRCULANT TYPE WITH A THRESHOLD FUNCTION
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Motivation and Aim: This study originates in biology and genetics. We consider
discrete dynamical systems that can serve as a model of a regulatory circuit of a gene
network (for more detail see [2, 4]). The vertices of the carrier graph correspond to
various chemicals in a cell. The vertex labels indicate the concentrations of substances,
and the closed paths describe periodic processes.

Methods and Algorithms: A circulant is the oriented graph whose adjacency matrix
is a circulant matrix.

General model of the discrete dynamical system of a circulant type is introduced in

the article [3]. All circulants vertices are marked by elements of Z'. Set of such labels is
called the state of the system. At each step, state is recalculated by mapping Ar2: Z3 —

Z7 each vertex receives a value of a Boolean threshold function f depending on values
labels previous k <3 vertices. A threshold function is defined by the hyperplane.

A functional graph G, is an oriented graph with vertices from Z%' such that there is
an edge between v and u if and only if As2(v) = u. Each component of these graphs
consists of finitely many trees that are directed toward the roots, and the roots form a
closed path. The number of components of the functional graph is the number of its
cycles. In the [1], we have proved theorem describing some cycles of the functional
graph formed by cyclic shifts.

Results: This theorem describes almost all cycles of functional graphs of the systems
with Boolean threshold functions of at most three variables in the network vertices. The
states of the other cycles go in two steps of the system in its circular shift.

Conclusion: Obtained result describes periodic states and makes it possible to
estimate the number of components of the functional graph.
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Motivation and goal. Study of monitoring and control mechanism of blood pressure
in the human body, which involved delicate mechanisms of the nervous, endocrine
system, implemented on a cellular level, it is the most important task for the
understanding and protection of human health. Such a study is carried out within the
computer simulation of biochemical and physical processes in the human kidney vital
activity conducted under a scientific research topic of the author together with the
medical staff of research centers in Almaty. The issues concern the biomechanical
processes regulating the osmotic pressure occurring in the distal convoluted tubule of
the nephron human kidney. The aim of this study is to identify ways to prevent
disturbances in the mechanisms for monitoring and controlling the operation of the
human circulatory system, which involved many of his organs, significant of which is a
complete work of human kidneys.

Methods and algorithms. Computer modeling of the studied processes carried out on
Microsoft Windows HPC Server 2012 R2 platform using WPF4 technology by the C#
language. The studied processes are divided in their place of origin, which are located in
different parts of the human, but the main ones being the human kidney nephrons, whose
number in each kidney reaches one million pieces. The number of such processes is
extremely large, and they are different in their physical and biochemical characteristics.
For efficient modeling of these processes used cluster technology and MPI technology
with the accumulation of data in a distributed database system with SQL Server 2012
R2. The main center of information collection and analytical analysis is performed on
the base cluster by the SSAS 2012 with helps of MDX language.

Results. Our investigations are in the initial path and mostly are illustrative and
debug. Building a computer system architecture and the use of traditional technology of
intellectual analysis of the economic information for the study of the biochemical
processes in human organs and their subsequent use to monitor and focused management
of these processes is the main result of our work at this stage. Subsequently, our research
will be related to verification of the adequacy of the resulting model with real
performance and results of the impact of these processes on the blood pressure of a
person and the possibility of targeting him.

Conclusion and availability. The aim of the report is to present the problem that arises
in a natural way and is extremely important for human health.
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Motivation and Aim: Complex biochemical processes salt composition of human
blood monitoring and management occurring in the distal convoluted tubules of the
kidney nephron that involve many organs of the endocrine system of humans, are
essential to his health and fulfilling his life. The purpose of research is to build an
adequate model of human kidney functioning under natural conditions for the
development of effective methods of influence on the place in which biochemical
processes.

Methods and Algorithms: Modelling of biochemical processes monitoring and
control salt composition of human blood by aldosterone, which is the process of
developing a chain of interdependent processes in different parts of the human body, is
carried on the platform of Microsoft HPC Server 2012 R2 by using the MPI technology.
Visualization of the processes carried out on the basis of technology WPF 4 by C #
language. In the process of monitoring and decision-making on the blood cleaning from
various salts involves many hormones that are produced by various glands of the
endocrine system, and ensure the immutability of the salt composition of the blood. The
process of regulating the blood is carried out in the human kidney nephrons, the number
of which is extremely large, and each of them is controlled independently and
collectively organize such treatment. Therefore, for the organization of all processes
involved emerging cluster technology based on MPI. Collecting and storing the received
information is carried out on a distributed server Databases SQL Server 2012 R2. This
database allows us to build different scenarios for the development of the processes and
to explore the consequences of such a course of events.

Results: A cluster computing system based on MPI technology with a distributed
database on SQL Server 2012 R2 on the Microsoft HPC Server 2012 R2 platform.
Established structural and logical connections to the main system modules that mimic
the functioning of the major organs, involved in the test process of blood purification
from excess salt. Features a computer system for modeling and monitoring of working
process visualization and cleaning the blood from unwanted salts give a way to research
into the causes of various diseases of the abundance of unwanted salts.

Conclusion and availability: Research on modeling of human kidney functioning in
conditions of natural its activity at an early stage. The results are more experimental than
the final.
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Motivation and Aim: The aim of work is researching and developing new algorithms
for pharmacokinetic models parameters estimation

Methods and Algorithms: This problem reduces to an optimization problem of data
fitting which is solved by minimization of selected functional. Minimization is done by
optimization methods such as direct, gradient or stochastic methods.

Consider a direct problem:

x=F(q,xt)
{ x(0) = x,

where x is a model functions vector, g is a model parameters vector. Inverse problem
consist in estimation of parameters g using additional data of direct problem solution.

Methods of solving inverse problem differ at this stage. It can be reduced to the
optimization form where problem is solved by fitting the additional data through
minimizing some selected functional that depends on parameters and data. To do so
optimization algorithms are used such as gradient, direct or stochastic methods.

Another approach is to reduce problem to the following form:

Aq=f,

where A is an operator that image parameters vector g to additional data vector f.
That goal can be reached through linearization and discretization of model.

Results: Either examples of pharmacokinetic models with synthetic and real data is
given. The results of numerical solution using different approaches are presented
including inverse problem with noisy data. Approaches comparison is showed. A matter
of choice of measurement time points is considered.

Conclusion: The domains of applicability of each proposed algorithm were explored.

Acknowledgements: The reported study was supported by Russian Foundation for
Basic Research, research project No. 16-31-00382.
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Motivation and Aim: Genetic code maps a triplet of nucleotides to one of 20 amino
acids or to one of 3 STOP commands terminating the synthase of a protein. In current
research, we study noise immunity of arbitrary genetic codes with respect to polarity of
resulting amino acids.

Methods and Algorithms: We consider a noise immunity coefficient (NIC) of an
arbitrary genetic code, that is a ratio of a single nucleotide polymorphisms (SNP) of a
triplet preserving the polarity of a resulting amino acid residue under given genetic code
to all possible SNP’s of a triplet. Genetic algorithms with NIC as a scoring function were
used to construct various highly mutation immune genetic codes. Pairwise permutations
were used as mutation operator to modify genetic codes preserving important qualities
of the standard genetic code. Mutation immunity properties we also compared on a
disease-associated mutations in human genome. Genetic mutations were obtained from
the NCBI server.

Results: An artificial symmetrical genetic code with NIC equals 77.86% has been
constructed using pairwise permutations preserving the properties of the standard genetic
code. NIC of the new symmetrical genetic code has been compared to NIC coefficient
using 300 disease associated SNP’ in the human genome. In 80% of cases, when the
mutation in condone led to a mutation of a resulting amino acid residue polarity, the
symmetrical genetic code was able to preserve the original amino acid polarity.

Conclusion: Mutation immunity characteristics of the standard genetic code are not
optimal, since there are genetic codes with higher mutations immunity. Computations
revealed that both standard and constructed symmetric genetic codes have mutation
immunity much higher than arbitrary genetic codes.

Availability: The source code of the R script used for extracting SNP-related data
from NCBI server is available at https://github.com/bbiletskyy/snp-retrieval.
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Motivation and Aim: Scientific and technological advances are critical for modern
society development. The recent accumulation of digital information made it possible to
reveal how new research areas emerge and grow.

Results: From the PubMed database we have extracted almost 50 000 papers that
contain the word miRNA and its synonyms. Then, using SVM we have identified the
unique institutions and authors relating to these papers and have built two time-evolving
collaboration networks: the co-authorship network and the network of institution
interactions. Next we have analyzed these networks growth in terms of information
spreading and have fitted their evolution to the epidemiological SIR model.
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Censoring or outliers detection task is one of the important problems in Data Mining,
particularly in case of biomedical datasets analysis. Nonrelevant attributes, misclassified
objects, nonrelevant week correspondences can cause major distortion in collected data, mask
real dependences and make biomedical data processing a non-trivial task.

In the presented work the most complex case was considered, when there are noisy
attributes and noisy objects in a dataset at the same time. We distinguish between two types
of noise objects sources. In the first case noise objects in a training dataset appear because of
some errors or failures during expert classification process. In the second case noise objects
are originated by some unaccounted weak correspondences which inclusion in general model
of a dataset results in classification accuracy increasing. Attributes which irrelevant to the
solving task and uncorrelated with the class attribute are considered as noisy ones.

To solve censoring problem we offered two major approaches. First one restores the
structure of the dataset by selecting the set of the most typical objects of the dataset, called
stolps. After that noisy objects are detected among objects, which are dissimilar to any stolp
of their class. Second approach uses local characteristics of objects neighborhood and detect
noisy objects based on their dissimilarity to the closest objects of their classes. Both
approaches uses function of rival similarity (FRiS-function) [1] to estimate similarity of an
object z to class A in competition with rival class B. For noisy attributes filtering we propose
some special classes separability function, based on FRiS-function. It is calculated after noisy
objects filtering to estimate relevance of this or that subset of attributes to the solving task.

Both approaches were tested on a wide range of model tasks and on a few real biomedical
problems. During this testing we estimate improving of classification accuracy after censoring
procedure. Also sensitivity and specificity of the approaches for noise detection were
calculated for model datasets with given structure of artificially added noise. The presented
algorithms were compared with the Edited Nearest Neighbor (ENN) [2] Rule and the
Repeated Edited Nearest Neighbor Rule (RENN) [2], which are well known approaches to
outliers detection in case of classes with complex structure. Our experiments have shown high
efficiency of censoring procedure both objects and attributes, based on function of rival
similarity.

Given work is executed at financial support of the Russian Fund of Basic Researches, the
Grant Ne14-01-00039.
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Motivation and Aim: It is known that the noise during gene expression comes about
in two ways. The inherent stochasticity of biochemical processes such as transcription
and translation generates “intrinsic" noise. "Extrinsic" noise refers to variation in
identically-regulated quantities between different cells. The small number of reactant
molecules involved in gene regulation can lead to significant fluctuations in intracellular
mRNA and protein concentrations, and there have been numerous recent studies devoted
to the consequences of such noise at the regulatory level.

Methods and Algorithms: To study the spatial effects of intrinsic and extrinsic noises
on gene regulation within the cellular system we have applied a multiscale chemo-
mechanical model proposed recently in [1] for tumor development. The epithelium is
represented by an elastic 2D array of polygonal cells with its own gene regulation
dynamics. The model allows for the simulation of evolution of multiple cells interacting
via the chemical signaling or mechanically induced strain. The algorithm includes also
the division and intercalation of cells, as well as the transformation of normal cells into
a cancerous state triggered by a local failure of spatial synchronization of the cellular
rhythms driven by transcription/translation processes. To model the delay-induced
stochastic chemical signaling we have used a generalization of the Gillespie algorithm
that accounts for delay suggested in [2]. The possibility of the stochastic pattern
formation produced by time delay and noise was demonstrated for simple regulatory
scheme in [3].

Results and Conclusion: In this work, we study the pattern formation excited by
stochastic dynamics in cells and cell-to-cell communications. The influence of
stochasticity on the emergence of tumor is discussed. Both the intrinsic and extrinsic
contributions to stochastic pattern formation have been explored.

Availability: Software is not yet publicly available.
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Motivation and Aim: Modern biological experiments in many cases require
bioinformatics methods for planning and subsequent data analysis with application of
complex computing algorithms.

Though there are serious commercial bioinformatics packages for these purposes,
they sometimes are not available for the students. On the other hand free useful program
tools and algorithms are uncoordinated in many cases and young biologists have to be
experienced in programming to work with them successfully. Thus, young scientists
encounter big obstacles in mastering bioinformatics hands-on.

Methods and Algorithms: UGENE is developed as an open-source free software
aimed to assist a molecular biologist. It comprises a lot of analysis tools, including both
the experiments design and data processing without any programming skills for a user.

UGENE provides an easy way to work with DNA, RNA and protein sequences. The
functionality list is very wide: sequence annotation with access to remote databases,
multiple alignment and phylogenetic trees, 3D protein structures, processing of Sanger
and NGS sequencing data (genome assembling and variations, processing of RNA-Seq
and ChlP-Seq data), etc. UGENE can be run on MS Windows, Linux and Mac OS X
platforms.

Due to its accessibility and wide functionality UGENE can be used as an excellent
tool to teach different biological methods.

Results and Conclusion: Currently UGENE is used in tutorials of several universities,
for example, Roskilde University (Denmark). “Practical Bioinformatics”,
interdisciplinary course utilizing UGENE, starts in September 2016 at NSU. Growth of
educational programs using UGENE promotes its popularization within the international
community of molecular biologists.

Availability: http://ugene.net/download.html
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Motivation and Aim: Microbes forming large communities in nature regularly
exchange genes via horizontal transfer. It gives microbial cells the ability to acquire
novel metabolic functions [1] and consequently may lead to ecological changes in
community as a whole. Nowadays, there are a lot of resources for warehousing
mathematical models of metabolic [2-4] and gene regulatory [4] systems. It is a great
challenge to integrate these data in a complex hierarchical model of evolving microbial
community. The Haploid Evolutionary Constructor 3D (HEC 3D) framework allows
constructing and simulating such communities consisting of cells of various
strains/species/populations living in spatially heterogeneous habitats. Cells consume,
utilize, synthesize and secrete metabolites according to genetic programs written
modeled as gene networks [5]. Some of cells consume one metabolites and synthesize
another, which respectively may be consumed by third cells, i.e. they form trophic cycles
of exchanging metabolites.

The aim of this study is development and implementation of a software module for
HEC 3D framework in order to import mathematical models of molecular-genetic
systems from the existing databases to the HEC.

Methods and Algorithms: We used models written in SBML format. The integration
is provided via libSBML and SOSlIib libraries. To resolve issues with different synonyms
of the same metabolites, we used the REST API for ChEBI database.

Results and discussion: The module designed allows us to extract the parameters and
formulas reactions from the model loaded from the repositories such as BioModels or
SABIO-RK and to replace existing HEC 3D generalized synthesis strategies with real
SBML models. ChEBI database of chemical names was integrated which solved the
problem of metabolites wrong usage. Thus, the novel module allows users to use the
“real-world” models in the HEC 3D and to investigate the behavior and the evolution of
complex microbial communities.

Acknowledgement: The study has been partially supported by the RFBR grant
Ne150703879 and Budget Project 0324-2015-0003.
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Motivation and Aim: Cerebral AVM is a difficult, dangerous, and most frequently
encountered vascular failure of development. Endovascular embolization of AVM is
effective treatment of such pathologies. However, the danger of intraoperative rupture
during embolization still exists. The purpose is to model this process and build an
optimization algorithm for AVM embolization.

Methods and Algorithms: The process of embolization was described by Buckley-
Leverett equation, which was solved numerically by using a new modification of
CABARET scheme.

Results: To study the different embolization variants, the initial-boundary value
problems, describing the process of embolization, were solved numerically by using a
new modification of CABARET scheme. The essential moments of embolization
process were modeled in our numerical experiments.

Conclusion: This approach well reproduces the essential features of discontinuous
two-phase flows, arising in the embolization problems. It can be used for further study
on the process of AVM embolization.
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Motivation and Aim: Pathologies of cerebrovascular system, such as aneurysms [1]
and AVM [2] lead to violation of blood circulation and cause a threat to the patient. From
the medical point of view, it is important to know the vascular response to the changes
in blood flow. The aim of this study is to obtain information about typical behaviour of
blood flow parameters in the vicinity of pathologies.

Methods and Algorithms: The blood velocity and pressure are measured during the
operations [3]. The model of generalized Van der Pol - Duffing equation (\VPD) is used
to identify the characteristic behaviour of hemodynamic parameters near pathologies [4].
We use non-linear generalization of the Nyquist diagrams (ND) to describe the solution
behaviour [5].

Results: To predict the vascular response to changes in bloodstream we analyse the
solutions of VVPD built for different patients. We replace the right part with a harmonic
function and then build ND to analyse the solution. As a result we have analysed about
300 ND.

Conclusion: There is study of VPD built on the clinical data of concrete patients in
this paper. It is shown that ND are divided into several classes. The diagrams move from
one class to another in the definite order with the increasing of the right side amplitude.
The dependence of the characteristic solution behavior on the form of ND is found.

Acknowledgements: The study was completed thanks to the support of Russian
Foundation for Basic Research (project Ne 14-01-00036). Also, study was supported by
grant SS-8146.2016.1.
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Motivation and Aim: Simulation of a blood flow under normality as well as under
pathology is extremely complex problem of great current interest both from the point of
view of fundamental hydrodynamics, and for medical applications. This paper proposes
a model of Van der Pol — Duffing nonlinear oscillator equation describing relaxation
oscillations of a blood flow in the cerebral vessels.

Methods and Algorithms: The model is based on the patient-specific clinical
experimental data flow obtained during the neurosurgical operations in Meshalkin
Novosibirsk Research Institute of Circulation Pathology. Experimental clinical data due
to measuring system Combo Map device specifics describes the blood rate and pressure
connection.

Results: The simplest model for the description of these processes is the equation of
a nonlinear oscillator of VVan der Pol - Duffing

eq" + P,(q)q" + Q3(q) = ku(t),

where one of the values — pressure ¢ = q(t) or velocity u = u(t) — acts as the
control function, i.e, a right-hand side of the equation. It is important that equation has a
stable periodic solution. At the same time, the equation of this form has a large and
complex set of solutions, the structure of which is determined by the values of its
coefficients.

Conclusion: The stability of the model is demonstrated through the variations of
initial data and coefficients. It is universal and describes pressure and velocity
fluctuations in different cerebral vessels (arteries, veins, sinuses), as well as in a
laboratory model of carotid bifurcation. The model was tested on data sets of 50
neurosurgical operations and laboratory experiments with elastic tee. This model allows
to describe the characteristics of blood flow in the presence of anomalies.

Acknowledgements: The theoretical research of this paper was supported by the
Russian Foundation for Basic Research (Project No. 14-01-00036). The experiments
with using Combo Flow were supported by the Russian Science Foundation (Project No.
14-35-00020).
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Motivation and Aim: Since 2000 we’re working with Biobase GmbH (two years ago
it was acquired by Qiagen). We developed many algorithms and tools since that time.
All of them cover transcription regulation analysis using Biobase databases, mostly
Transfac. The tools are supported by graphical interfaces and integrated into Biobase
products.

Methods and Algorithms: Philogenetic footprinting[1] is algorithm to reveal TFBS
(Transcription Factor Binding Sites) filtering evolutionary conserved sites. Idea of our
method was to realign alignment fragments that underlie predicted TFBS with question
— maybe alignment is wrong and site is conserved? Optimal alignment may not be
conserved and suboptimal alignment may be conserved.

Composite Module Analyst[2] was revealing overrepresented TFBS combinations
and predicts composite modules. It uses genetic algorithm, because complete
enumeration fails in such big space. It was wrapped into ExPlain system, that was also
contains many different tools. ExPlain was developed by our company.

We were participating in COGANGS Grant of FP7 and re-implemented Match
algorithm in java. Using various optimizations we reached very fast speed. Now this
implementation is used in Biobase tools.

Last 3 years support of Transfac web interface was done mostly by our team. In this
interface we implemented match, fmatch (revealing statistically over or
underrepresented sites), comatch (reveal a factor that works cooperatively with given
factor), functional analysis and network analysis (from TransPath). Code backed by perl
containing 696 modules with 334 560 lines of code. It uses MySQL or Oracle database.
We support matrix generation pipeline and recently updated it with method for finding
matrices that have two cores.

Availability: www.biobase-international.com All rights on the tools and interfaces
belong to Biobase/Qiagen.

Acknowledgements Work was done by request of Biobase/Qiagen and supervised by
Alexander Kel (ExPlain), Jennifer Hogan, Volker Matys, Sanjeev Pillai
(Transfac/Proteome).
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Motivation and Aim: Mathematical models infectious diseases usually nonlinear
systems ordinary differential equations and contains large number of parameters.
Parameter estimation equation system on basis clinical data allows forecasting course
and outcame disease by individual simulate treatment program. In practice, this is
possible, as general rule, measuring values of some state variables to certain points of
time. In this regard, it is necessary developing effective parameter identification model
methods that allows build control function and in same time to identifing parameters.
The aim of this research is solving numerically problem of discrete control by immune
response in conditions with incomplete information. Process of immune response based
on the basic mathematical model of infectious disease that proposed by G.l. Marchuk
[1]. The conditions with incomplete information implies that parameter values are
unknown and parameter estimation has adjusted new experimental values becomed
available.

Methods and Algorithms: In order to solve this task algorithm allowing construct a
control function and at same time to identifying parameters with mathematical model of
the immune response [2]. Algorithm on basis of Monte-Carlo method. The goal of
control is reaching “ideal” immune response corresponds to high stimulation of the
immune system and lack of delay at reaction to infection.

Results: Control for main forms of disease: acute, chronic and lethal outcome.
Treatment programs has based on immunotherapy which consists in introduction of
preparing immunoglobulins or donor antibodies. Immunotherapy allows reducing
chronic and lethal form in acute form with recovery. In the acute form of disease
decreases maximum concentration of antigens and recovery occur more rapidly.

Conclusion: From the analysis for results that proposed algorithm has able estimate
the model parameters with one sufficient accuracy and relatively lowly computational
cost as well as the construct treatment program with simultaneously identification
parameters.
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Motivation and Aim: We consider delay differential equations and suggest a method
of approximation of their solutions.

Methods and Algorithms: Our method of approximation of solutions to delay
differential equations is based on the wavelet analysis technique and properties of
solutions to some classes of systems of ordinary differential equations of large
dimension.

Results: At present there are some methods of approximation of solutions to delay
differential equations

YO TCyOyE-). M

by solutions to special classes of systems of differential equations of large dimension

dx
a_Ax+F(t,x) 2)

(for examples, see [1-6]). In our paper we describe a wide class of systems of the
form (2) whose solutions are closely connected with solutions to equations of the form
(1). We study properties of solutions to these systems. Using the wavelet analysis
technique, we propose a new method of approximation of solutions to delay differential
equations (1). This paper continues our investigations [6-8].

Conclusion: This new method allows us to study properties of solutions to (1).

Acknowledgements: The research was supported by the Russian Foundation for Basic
Research (project no. 16-01-00592).
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Motivation and Aim: The research of blood flow rate in vessels is a fundamental and
important problem. One way of studying this problem is a direct building mathematical
model, based on the neurosurgical data. Such models include an influence of external
environment and fluid properties. To perform more detailed analysis of this model and
its property it proposes to move on from neurosurgical measurements to experimental
studies. This work dedicated to an experimental research of the viscous fluid flow in the
elastic model.

Methods and Algorithms: The object of study is the fluid flow in the elastic model.
The fluid flow is generated by programmable pump CompuFlow 1000 MR. The liquid
used in the experiment has the same mechanical properties as a blood. The measurements
of velocity and pressure run by the intravascular ComboWire guidewire. Laboratory
models represent cylindrical tubes with length 200 mm, the wall thickness 123 mm and
diameter of bore 75 mm. The models are made of the CKTH-A material with various
admixture of PMS oil to vary the mechanical properties of a material. Basing on
measuring data of velocity and pressure, it builds a nonlinear oscillator equation with a
right part (generalized equation of Van-der-Pol-Duffing with load):

&+ f(Q)q +g(q)=ku(t), where functions f(q)=a,+aq+a,q’ and

9(q) =b,q+b,q° +b,9° determine dissipative and elastic properties of the system.
The quantities g =q(t) and u =u(t) represent normalized values for pressure and flow

rate (|g|<1,|ul<1). The coefficients k,a;,b;(i1=012, ] =1,2,3) calculate with the

measured data and define individual characteristic of environment.

Results, Conclusion and Availability: For each experimental models, we had
researched an interrelation between a mechanical properties and a character of flow, the
differential equation are built and studied. An obtained information plays an important
role in analysis of the real neurosurgical operations.

Acknowledgements: ComboWire measurements were supported by Russian
Foundation for Basic Research (project No. 14-01-00036). Works with the pump
CompuFlow 1000 MR were supported by Russian Science Foundation (project No. 14-
35-00020). Design and fabrication of elastic models are supported by the the Program of
state support of leading scientific schools of RF (project No. NSh-8146.2016.1).
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Motivation and Aim: This work is dedicated to an experimental research of the
viscous fluid flow in the silicone model of the common carotid artery bifurcation.

Methods and Algorithms: The object of study is fluid flow in the silicone model of
the common carotid artery. Fluid flow is generated by programmable pump CompuFlow
1000 MR. The liquid used in the experiment has the same mechanical properties as
blood. The measurements are performed on three facilities: 1) the intravascular
ComboWire guide, 2) the tomograph Philips Achieva (1.5 T), 3) The tomograph Bruker
BioSpec 117/16 USR (11.7 T). A variety of flow regimes are presented: with constant
rate, periodic, measured experimentally during neurosurgical operation, etc.

Results, Conclusion and Availability: About 300 measurements on the facilities
(Philips, Bruker, ComboWire) were performed during the experimental sessions The
result of the experimental studies is qualitative and quantitative information about the
dynamics of fluid flow inside the model of the carotid artery for different flow regimes.
The measurement equipment consisting of the intravascular ComboWire guide wire,
CompuFlow 1000 MR pump and two Philips and Bruker MR scanners can be used to
obtain reliable and consistent data in the investigation of fluid flow in the vessel model.

Acknowledgements: ComboWire measurements were supported by the Russian
Foundation for Basic Research (project No. 14-01-00036). MRI measurements were
supported by the Russian Science Foundation (project No. 14-35-00020). Experimental
research is supported by the the Program of state support of leading scientific schools of
RF (project No. NSh-8146.2016.1).
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Motivation and Aim: In recent years interest in mathematical modeling of blood flow
in vessels and artificial human heart valves significantly increased because of
development of new methods of cardiovascular system diseases treatment. An artificial
heart valve is an extremely complex system, which must meet a number of requirements,
and mathematical modeling can simplify valve development and optimization process.
In this paper we propose the mathematical model and its numerical implementation to
describe three dimensional blood flow dynamics in artificial heart valve and its
numerical implementation.

Methods and Algorithms: The mathematical model, proposed to solve a nonstationary
problem of blood flow in valve, allows taking into consideration main features of heart
valve performance: the inhomogeneous blood structure, the valve leaflets flexibility and
complex geometry. Blood is described as a viscous incompressible inhomogeneous fluid
and consists of two components (e.g. plasma and formed elements). The fluid motion
can be defined by Navier-Stokes nonstationary system of differential equations with
variable density and viscosity [1]. We model a valve leaflet as a flexible impenetrable
surface which is deformed under the fluid pressure. The leaflet deformation and
interaction with the fluid can be described by the immersed boundary method [2]. The
valve leaflets influence on the fluid is described by body forces in the equation of fluid
motion.

Results and conclusions: The mathematical model and its numerical implementation
were applied to the problem of blood flow inside aortic valve with different forms and
admixture distribution to define the dynamics of described biological system, including
the flow rate, leafters geometry, stress distribution.

Acknowledgements: The research is performed as part of the government contract
1.630.1.2014/K.
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Motivation and Aim: It was even noticed by Cavalli-Sforza&Edwards that the gene
data are only available, in general, for presently living populations, so we may only be
able to reconstruct a projection of the evolution tree onto the "now" plane.
Reconstruction of the tree in space and time will be possible, however, if we are ready
to make hypotheses about the mode and speed of evolution. The Euclidean
representation of such space-time is the simplest possible and suffice for this goal [1].
Just because their famous genetic distance based on allelic frequencies is Euclidean. But
current genetic distances between nucleotide sequences are almost all not Euclidean [2].
Most of them are built by common pattern. It is suggested that own probability of
substitutions exist for each nucleotide pair in each site. Distance between sequences
estimates as divergence time-2 from common ancestor but any metric or non-metric
features are supposed, unlike Cavalli-Sforza&Edwards idea. Different models differ by
number of independent parameters only, from one to six in symmetrical case. The
difference can be accounted for in the synonymy and/or the position in the codon. One
exception is a p-distance which estimates a number of mismatched nucleotides only and
isn’t time-oriented. P-distance completely coincides Cavalli-Sforza&Edwards
conception. It is metric distance between sequences in "now" space. More over square
root from p-distance is Euclidean and it is an analogue of Jukes—Cantor distance.
Previously we built an Euclidean analogue for two-parameter Kimura distance [2]. Now
our aim is a construction the Euclidean analogues for other time-oriented distances.

Methods and Algorithms: We consider the problem in the general case. Various
nucleotide pair frequencies can be either set or estimated for the sample. Let us denote
by Fx, Fv nucleotide frequencies and by Fxy — nucleotide pair frequency for each
nucleotide pair X,Y. Define dxv?=1-Fxv/( Fx+Fy-Fxy). It is one's complement to well-
known Jaccard index, d? is metric distance, and d=(d?)*? is Euclidean one [3]. Summing
d® by all sites we receive D? — metric distance between nucleotide sequences, and
D=(D??Y2 — Euclidean one.

Results: An example from MEGAG is considered [4]. The results are quite
reasonable.

Conclusion: The Euclidean analogues for certain set of time-oriented evolution
distances are built.

Acknowledgements: This work has been supported by Budget Project (grant #0324-
2015-0003).
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All the genes may be divided into two groups: regulatory genes that encode the
transcription factors and the structural genes that encode enzymes and structural
proteins, ribosomal and soluble RNAs. Improvement of DNA-dependent RNA
polymerases turned the mobile elements integrated into the genome of prokaryotes and
their mutated endogenous copies into non-coding regulatory genes, which made it
possible to create complicated cell programs and resulted in the appearance of unicellular
eukaryotes. Further increase in the number of regulatory genes on the basis of mobile
elements made it possible to create a supracellular structure responsible for ontogenesis
and morphogenesis of multicellular organisms.

The organism becomes multicellular if its genome acquires a more complicated
structure in several directions. First of all, the programs of its cells should ensure
formation of intercellular structures which prevent the daughter cells from separating
from each other and determine their interaction. Secondly, several cell programs should
accumulate in the genome as a result of amplification, and these programs will differ
from each other due to mutations of regulatory genes. Third, the structural genes,
household genes and their gene networks had to be drawn beyond the cell programs.
Now, sufficiently extended structural genes and their total may be used by different cell
programs with different intensity. Fourth, supracellular structures should be formed
which use cell programs as subroutines. It allows to considerably reduce the genome size
due to multiple use of the same programs by different (but identical by functions) cells
and their generations.

As a rough approximation, the multicellular organism genome is structured (in terms
of the graph theory) in the form of an oriented binary tree, with tops corresponding to
homogeneous logical elements "iteration step of the genome tree" (GT step), and arcs
corresponding to transfer of management between the "steps”. Each cell of a multicellular
organism corresponds to its "step". It receives management from the "'step" of the mother
cell, initiates realization of the "cell program"” that determines its development and
division, returns management upon termination of the cell program realization and
transfers management to the "steps” of daughter cells The “cell program” is a network
where the regulatory, as well as structural genes, are engaged in certain order.

This genome model is based on the hypothesis in accordance with which the
management between the “steps” is transferred with the help of short RNAs. Being the
product of expression of non-coding interspersed repeats, these short RNAs which make
up a part of nucleoproteins formed with general factors of polymerase transcription Pol
111, can initiate transcription of other repeats. Thus, non-coding interspersed repeats
should be the main, the most numerous regulatory genes in the genome. The cell program
iteration step may be represented as a pair of regulatory genes with identical complex
promotors, and GT step — with three regulatory genes. GT and cell programs represent a
multitude of dispersed repeats which are transcribed very rarely and to a small degree
and look like junk DNA. Multiplication and mutation of repeats create new and new
variants of GT and cell programs. Now is the time for natural selection which leaves the
best variants of multicellular organisms. The model and the supporting hypotheses
belong to the author.
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The model of transition from prokaryote to eukaryote is suggested. The model is
based on the hypothesis in accordance with which mobile elements, a considerable part
of junk DNA, are the main regulatory genes of the genome. All the genes may be divided
into two groups: regulatory genes that encode the transcription factors and the structural
genes that encode enzymes and structural proteins, ribosomal and soluble RNAs. The
fundamental difference of eukaryotes from prokaryotes consists in DNA-dependent
RNA polymerases. Eukaryotes have three of them, with POL Il transcribing dispersed
repeats, which cannot be done by bacterial polymerase. Unnecessary mobile elements
that are periodically integrated into the genome of prokaryotes are gradually ousted by
natural selection. The mechanism using the products of mobile elements expression as
the key transcription factors to initiate the transcription of other mobile elements,
transforms these latter into basic regulatory genes of eukaryotes. They help to build
complex programs of cell development, especially on the condition that the key
transcription factors considerably increase affinity of POL Il preinitiation complex to
promoters of protein-coding genes. It should be noted that there was a case of sites
complementary to short RNA sequences being present in the double-stranded DNA, this
is the CRISPR/CAS system.

It is insufficient for the cell to have relevant genes in the genome and produce a
certain product to form complex structures. It is necessary for this product to be found
in the certain area of the cell in the time needed along with a set of other products. One
of the most important trends of cell programs complication is the formation of the
targeted transport organs. First of all, these are various membrane formations: nuclear
membrane which prevents the transcription products from “roaming” all over the cell,
endoplasmic reticulum, Golgi’s apparatus and transport vesicles. Targeted delivery of
vesicles to the necessary part of the cell is done with the help of motor proteins and
microtubules. The product itself and its precursors should contain signal sequences of
amino acids and nucleotides, enabling the sorting complex to orient them in the right
direction. Intron-exon structure of protein-coding genes and the alternative splicing
mechanism are the preferred methods of forming signal sequences for delivered
products. Upon completion of their function, signal sequences are removed in the
process of maturation. Acquisition of mitochondria and plastids completes appearance
of eukaryotes.

Now the well-powered cell, possessing the targeted transport mechanism, can have a
large size and an extended genome. The genome increases considerably, mainly by
acquiring new and reproduction of endogenous mobile elements. They mutate and thus
create new and new variants of the cell programs. Now is the time for the natural
selection which secures the most appropriate variants of cells programs whose regulatory
genes are the mobile elements. The model and the supporting hypotheses belong to the
author.
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Construction and development of such a complex object as the eukaryote cell is
impossible without a relevant program. The gene surely forms the material basis of the
cell ontogenesis program. All the genes may be divided into regulator and structural
ones. Examples of structural genes include the genes coding structural proteins,
enzymes, ribosomal and transfer RNAs. Regulator genes code transcription factors. We
may single out general transcription factors which render transcription of any gene
impossible, as well as unique key transcription factors (KTF) which, jointly with general
transcription factors, are responsible for initiating of transcription of particular genes.

If one gene codes the KTF initiating another regulator gene, the latter initiates a third
one, etc., there appears a structure called a chain (in graph theory). Let’s supplement
each gene of the chain with one more regulator gene, and let both genes forming a pair
have the same promoters. Both genes will be initiated by one KTF (its copies). The first
gene of this pair ensures the chain structure, and the second one initiates some process,
for instance, a structural gene or other chain of regulator genes. A considerable defect of
such a construction is simultaneous performance of chain elements and the processes
initiated by them. It would be better if the next chain element started execution only upon
termination of the process initiated by the previous element.

This requires introducing a notion of a complex promoter. Unlike a simple promoter
for which one KTF is enough, transcription of a gene with a complex promoter may only
be initiated in presence of two different KTFs. Let (i) all the regulator genes that form
pairs of the chain have complex promoters, (ii) the second KTF be identical for all these
complex promoters, (iii) all the processes initiated by chain elements have a gene at the
end that codes the second KTF identical for all the pairs of the chain.

Such a construction makes a loop called Dijkstra's loop. A pair of genes with the same
complex promoters forms a step of the loop. The process initiated by the loop step is a
subroutine. If all the loop steps refer to the same subroutine, it is executed in accordance
with the number of steps contained in the loop. If the subroutine itself represents a loop,
it becomes an embedded loop. Embedding may have multiple levels. The advantage of
Dijkstra’s loop is that each step may refer to a unique subroutine that differs from the
others. Several loops may refer to the same subroutine. For this purpose, it should contain
several genes at the end that code the second KTF specific for its loop. The step of the
loop may contain several genes with the same complex promoters, which turns the chain
into a network. In total, such a multi-level embedded loop forms the program of the cell
whose lower level consists of structural genes and enhancers and silencers that serve
them.

The existence of such a structure is only possible within the hypothesis under which
KTFs are represented by short RNAs. Being the product of mobile elements expression,
these short RNAs that form a part of nucleoproteins formed with general transcription
factors of polymerase Pol Il can initiate the transcription of other mobile elements.
Thus, mobile elements should be the main and the most numerous regulator genes in the
genome of eukaryotes. The model and the supporting hypotheses belong to the author.
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Motivation and Aim: The problem of amino acid sequence reconstruction in cyclic
peptides is particularly important, because such peptides are of special significance in a
cell. They include antibiotics, antitumor agents, toxins, immunomodulatory agents, and
a variety of peptides with still unknown properties. The sequences of many cyclic
peptides cannot be reconstructed from the DNA sequence, because they are not encoded
by genes and their synthesis occurs in a nonribosomal way [1].

Methods and Algorithms: De novo sequencing, i.e., the direct reconstruction of the
primary sequences of peptide chains from mass spectra, has been in use since the early
2000s [2]. Its major advantage is that it can be applied when no genomic information is
available. The problem of sequencing linear and cyclic peptides is reduced to the known
turnpike and beltway problems [3], the latter of which having no polynomial-time
algorithm in the general case.

Results: Many algorithms were proposed for de novo sequencing, see the review of
[4]. Despite the enormous efforts made in recent years, the turnpike and beltway
problems are still considered open. A new simple approach to reducing overhead costs
for the problems, based on the sequential removal of redundant information from inputs,
is proposed. For error-free inputs that simulate de novo sequencing spectra with high
accuracy, up to 107 Da, the size of inputs decreases drastically, from n? to O(n), which
permits one to eliminate exhaustive search from the algorithm almost completely and
reconstruct sequences in numbers of steps in direct ratio to the input size, nZ
Computational experiments show high efficiency of the algorithm for both the turnpike
and beltway cases, with the reconstruction time for sequences of lengths up to several
thousand elements being within one second on a modern PC.
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Motivation and Aim: A new phenomenon discovered recently is multistability [1, 2,
etc.], it appears as a simultaneous coexistence of different dynamic regimes in the
system; at that initial values of the system's characteristics define resulted type of its
dynamic regime. The phenomenon of multistability attracted attention of investigators
because it allows an explaining some cases of changes in population dynamics regimes
observed in real biological populations (for example, [3, 4]). Ecological-genetic models
are naturally multistable, because they usually have several genetically different fixed
points and switch in those is determined by the initial conditions. This effect is of great
evolutionary significance as direction of evolution of the population in that case is
determined by a set of initial conditions, or in the other words by random factors.
Therefore, investigation of multistability areas in ecological-genetic models seems
useful.

Methods and Algorithms: Mathematical and computer modeling is conducted to
reveal a variety of possible bifurcations, dynamical regimes and to investigate
multistability regions in the model of uniform population, which dynamics is described
by Ricker’s model and values of its intrapopulation parameters are defined on genetic
level under influence of natural selection [5].

Results & Conclusion: It has been showed that this simple ecological-genetic model
has strong sensitivity to the initial conditions. So a coexistence of several different
asymptotic dynamic regimes (with own attraction basins) is possible in numerous
enough parametric regions which are meaningful biologically. It means that results of
natural selection in biological population depend from both initial conditions and
intrapopulation parameters.
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Motivation and Aim: Analysis of synteny between genomic sequences is an important
step for quantifying evolutionary relatedness between genomes in terms of chromosomal
rearrangements [1]. Comparison of large genomic segments (contigs) can also be useful
in comparison of the genome assemblies to estimate their quality and consistency. An
important step of such analysis is the visualization of syntenic regions between genomes
or assemblies, in particular, to visualize relationships between several genome segments
(chromosomes, contigs) simultaneously. A number of tools were developed to visualize
the relationships between several contigs (IGV[2], Circos [3]). However, they are not
sufficient enough when relationships between hundreds or thousands contigs need to be
visualized.

Methods and Algorithms: To resolve the problem of visualization of synteny between
large set of genomic fragments we suggests a method based on reconstruction and
visualization of graphs representing the relationships between genomic fragments. The
method is based on building directed, weighted, bipartite graph, which nodes are contigs
and the weight of edges are the coverage of contig pairwise alignments.

Results: The SyGraph web application use the information about genomic alignments
in coords format as input. It reconstruct the graph of sequence similarity and generates
graphic representing this graph carry out its statistical analyses.

Conclusion: The SyGraph output provide useful information about the similarity
between genomic sequences and the phylogenetic relations between the compared
organisms according to the graph topology.

Availability: SyGraph system is available at http://pixie.bionet.nsc.ru/SyGraph

Acknowledgements: This work supported by budget project Ne 0324-2015-0003.
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Motivation and Aim: Prostate cancer (PC) is one of the most common malignancies
of the male population worldwide. Extremely rapid increase in the incidence of prostate
cancer and the high prevalence of the disease in the world testify to the need to study the
mechanisms underlying the development of prostate cancer.

Methods and Algorithms: New possibilities in molecular genetics investigations
using NGS technology can expand the possibilities of tumor heterogeneity investigation,
which is especially important for the genetic heterogeneity of pathologies with a large
number of candidate genes. To find new genes involved in the pathogenesis of prostate
cancer, we conducted a whole exome sequencing in samples of normal and tumor tissue
for 8 patients with prostate cancer. The variants revealed were annotated using
ANNOVAR software tool [1]. To identify the events associated with the tumor, the
variants with frequencies more than 0.03 in any of the databases 1000 Genomes Project
(European, East Asian, All), EXAC, ESP were excluded. The functional significance of
the observed changes was carried out using following databases: SIFT, PolyPhen (using
annotations for rare alleles), MutationTaster, MutationAssessor [2], FATHMM, CADD.

Results: We detected 41542 variants in normal tissue sample, 45948 - in tumor, in
average. All the samples contained mutations in the ATM, and TP53 genes. After all
stages of bioinformatic analysis 35 candidate genes, involved in cell cycle control,
apoptosis signaling, androgen processes of cell growth and differentiation, transcription
repair were selected - MUC16, MUC6, MTCH2, ZNF844, PRSS3, SSTR1, PDE11A,
L2HGDH, etc.

Conclusion: The study revealed a number of genes which role in prostate cancer has
not been described previously. The analysis is to be continued to determine the
involvement of the identified genes in the pathogenesis of prostate cancer.
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Introduction: Sequencing and protein docking are very compute-intensive tasks that
see a large performance benefit by using a CUDA-enabled GPU. There is quite a bit of
ongoing work on using GPUs for a range of Bioinformatics and life sciences codes [1].
The main part of Siberian Supercomputer Center (SSCC) is HPC cluster with total peak
performance 115 TFlops. This system is well designed for bioinformatics researches due
to the flexible computational resource management.

Siberian Supercomputer Center resources: SSCC offers computer resources for
bioinformatics researches to its users. We have supercomputer with hybrid architecture
and consists of NKS-30T (platform BL2h220c hp) system with 576 Intel Xeon
processors E5450/E5540/X5670 (2688 cores) and hybrid cluster that based on 40 servers
HP SL390s G7 (80x CPU X5670 - 480 cores) with 3x NVidia Tesla M2090 GPU on
each node. All cluster nodes are connected via Infiniband QDR network interface.
Cluster file system IBRIX (4 servers, 32 TB of available disk space) is also connected
by Infiniband interface. In addition, we provide access to HP DL380 G8 node with 2x
Intel Xeon E5-2650 CPU (8 cores each) and NVIDIA K40M GPU [2]. This architecture
is well suited for open source packages like MUMmerGPU: High-through DNA
sequence alignment using GPUs [3], Parallel-META: a GPU- and multi-core-CPU-
based open-source pipeline for metagenomic data analysis, which enabled the efficient
and parallel analysis of multiple metagenomic datasets [4], and Molecular Dynamics
packages like GROMACS [5], LAMMPS [6]. We also support The MGSmaodeller [7]
software package. The MGSmodeller includes modules for the mathematical model
reconstruction and specification routine simulation as well as for inverse problems. The
model reconstruction and simulation experiment’s specification are describing in terms
of model specification language SiBML. The complex mathematical models in the
SiBML[8] depicted by the set of MGS elementary subsystems. MGS elementary
subsystem defines by set of biological entities of interest and the law of the interaction
between them. The model specification language allows to present full information about
biological entities such as name, type (gene, RNA, protein etc.), localization in the
compartment structure (organelles, cells, tissue etc.) and/or other object’s properties.
Thus, the language allows to take into consideration a hierarchical structure and complex
organization of modeling objects, on basis of that we can model such organizational
properties of the MGS as mutual positions of genes, promoters, terminals and others
genetics elements on DNA, anisotropy of spatial compartments and transport processes.
All this resources are available to all organizations that are operated by Federal Agency
of Scientific Organizations Russia.
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Motivation and Aim: We study one simple piece-wise linear (PL) dynamical system
and show existence of a stable cycle in its phase portrait. Dynamical systems of this type
appear often in gene networks modeling, see [1].

Methods and Algorithms: The approaches to modeling of similar gene networks
functioning and description of corresponding phase portraits are presented in [2] and [3].

Results: For wide domain of parameters A and b, we consider 3D-dynamical system

d x dy dz

H:L(Z)—X; W:F(X)_y; EZH(Y)_Z- (1)

All variables are non-negative, and L, I' are monotonic step-functions which
correspond to negative and, respectively, positive feedbacks: L(0,1)=A:>2, L(1,00)=0;
I'(0,1)=0, I'(1,0)=A2>2. The function IT describes a variable feedback in this gene
network model: TI(y) = As>2 for 1<y<b<A,; II(y)=0 for y<1, and for b<y<A,. Actually,
in our calculations the case Ai=A;,=A;=A=3, b=1.8 was considered. We decompose the
invariant domain Q=[0,A]x[0,A]x[0,A] to 12 blocks and construct discrete scheme
(diagram) of the phase portrait of the system (1). One of the remaining blocks is its
attractor. Existence of a stable PL-periodic trajectory C of (1) which passes through
union Us of 8 of these blocks is shown. An invariant 2-dimensional PL surface

P’ cUg; =Q containing the cycle C is constructed, it has infinitely many faces which
tends very rapidly to C in a spiral way, and so do trajectories of all points of P2, They
pass eventually through all blocks of Ugas well.

In order to find C and to analyze other trajectories behavior, we have elaborated
software written in R programming language, which uses the Cauchy problem solver Isoda
from the package deSolve (see https://cran.r-project.org/web/packages/deSolve/
index.html) in construction of trajectories of the dynamical system (1).

Conclusion: The cycle C is stable, and in its small neighborhood trajectories of the
system (1) wind around C in a spiral way tending to it very rapidly.

Acknowledgements: RFBR, grant 15-01-00745.
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Motivation and Aim: Identifiability is an a priori property of a mathematical model,
which guarantees an unambiguous determination of the unknown parameters through
the available experimental data (measurements). A priori identifiability is a key step in
the formulation of a structural model whose parameters are estimated from a set of data.
The question that a priori identifiability addresses is: do the data contain enough
information to estimate all of the unknown parameters of the postulated model structure?
If the answer to this question is positive, it is possible to carry out a series of
measurements to obtain the experimental data, without possibility of the fact that these
data may not be useful, and on the other hand — expensive.

Results: The problem of the identifiability of dynamic systems is considered in this
work. The review of methods of analysis of identifiability of dynamic models is given.
In this review article following approaches are considered: transfer function method; the
Taylor series expansion method; method based on differential algebra theory and its
modification covered; method based on graph theory; method based on definition of Lie
derivatives; method based on likelihood function. The necessity of making an a priory
identifiability analysis before estimating parameters characterizing any process is
demonstrated on several examples. The examples of identifiability analysis of

mathematical models of medical biology are presented.
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Motivation and Aim: Cardiovascular diseases are the most common cause of death in
the world. There are certain tasks which could help people to improve a guality of the
disease treatment. One of them is an estimation of the adverse outcome risk in patients
discharged after acute coronary syndrome (ACS). In order to develop a good predictive
model a wide range of parameters (genetic, biochemical, physiological, etc.) should be
taken into account. Relatively new approaches based on the optimal partitioning seem
very suitable for such complex clinical data. Thus, the aim of this study is to create a risk
estimating model by means of optimal partitioning based approaches and to evaluate it
possibilities in comparison with the described approaches and methods.

Methods and Algorithms: For that aim, a dataset collected from 16 centers of 7 cities
of Russia during 7 years was used. It contains a wide range of clinical, biochemical and
genetic characteristics. In order to create a predictive model, approaches based on the
optimal partitioning, such as the optimal valid partitioning (OVD) [1, 2] and the
multimodel statistically weighted syndromes method (MSWS) [3], were used. Created
model was compared with mostly used methods like logistic regression, decision trees,
DFA, SVM, neural networks.

Results: A predictive model, allowing to estimate 6 months cardiovascular risk in
patients discharged from hospital after ACS, has been created. Accuracy of the result
model is quite well and estimated as AUC=0,72. The model has shown the better
predictive ability compared to mostly used methods.

Conclusion: Optimal partitioning based approaches are a powerful tool for analysis
of complex clinical data. And it opens up additional opportunities for the creation of
predictive models on clinical trials data, containing a variety of medical, biochemical,
genetic, and other information.
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Motivation and Aim: The microencapsulation of fluorescent molecular sensors of a
variety of chemical and physical characteristics of solutions is a promising technology
for in vivo measurements of physiological parameters in human and animal tissues [1].
However, it has been shown that due to Donnan's effect, the concentration of charged
molecules of interest may be shifted inside the microcapsule compared to bulk media,
which can potentially lead to distorted signals from the sensor [2]. This shift is caused
by charged polymers and, importantly for physiological applications, can be produced
by proteins in the fluids of organisms. In the present study, we perform modelling of
possible errors of the microencapsulated fluorescent sensors of small charged molecules
caused by Donnan's effect in the blood of rat (Rattus norvegicus) and zebrafish
(Danio rerio).

Methods and Algorithms: The value of shift in concentrations of small charged
molecules due to Donnan's effect was calculated according to [2]. Serum albumin was
treated as the only rat plasma protein in our model for simplification. Protein
composition of blood plasma of zebrafish was identified based on LC-MS data [3], 28
most abundant proteins were included in the model. With LC-MS data on Universal
Proteomics Standard-2 (UPS2, Sigma) [4] precision of label-free LC-MS was evaluated
to take into account possible ranges of relative proteins' concentrations in zebrafish
plasma. Mature amino acid sequences of rat albumin and zebrafish plasma proteins were
obtained from UniProt to model these proteins with I-TASSER server. The obtained 3D-
models were transferred to PROPKA 3.1 algorithm to precisely predict their charge in
physiological pH range and finally calculate the value of Donnan's effect.

Results and Conclusion: We conclude that the differences in pH and concentrations
of charged molecules such as ions and metabolites between blood and microcapsule
hollows may not be identifiable by means of fluorescent sensors, which justifies the use
of the microencapsulated sensors in vivo without additional in loco calibration.

Acknowledgements: This work was supported by Russian Science Foundation (#15-
14-10008).
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Motivation and Aim: The number of publications in the areas of biology, medicine,
and biotechnology increases dramatically, which makes imperative computer-based
analysis. To date, over 20 million abstracts highly relevant to biology and medicine are
stored in the PubMed database and this number keeps growing. To address the
confounding problem of extraction of information on molecular-genetic objects from
texts, approaches based on algorithms such as search for co-occurrence of the biological
object names in texts, linguistic-semantic analysis of texts, and machine learning have
been suggested. Previously we have developed the ANDSystem package that
incorporates utilities for automated extraction of knowledge from Pubmed published
scientific texts and databases (Demenkov et al, 2011, lvanisenko et al, 2015). The goal
of this work was a development of a new version of ANDSystem supplied with extended
utilities for automated extraction of knowledge and associative gene networks
reconstruction related to the studied phenotypic trait or biological process.

Results: ANDSystem was developed for the purpose of scanning literature for
extracting relationships between diseases, pathways, proteins, genes, microRNAs and
metabolites. The ANDSystem tool consists of ANDCell database, ANDVisio tool and
utilities for automated extraction of knowledge from Pubmed published scientific texts
and analysis of factographic databases. The ANDCell database contains information on
molecular-genetic events retrieved from texts and external databases. ANDVisio is a
user's interface to the ANDCell, it provides graphic visualization, editing and search
features as well as possibilities to save an associative gene networks in different formats
resulting from user's request. Such networks describe semantic relationships between
molecular-genetic objects (proteins, genes, metabolites and others), biological processes,
and diseases. ANDVisio is provided with various tools supporting automated
reconstruction of associative networks with taking into account the specific relation of
objects in the network to the studied phenotypic trait or biological process limiting
uncontrolled network expansion. The ANDSystem can assist in the interpretation of
complex multifactorial experimental data.
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Motivation and Aim: The development of an individual mathematical model
describing the process of the propagation of Tuberculosis (TB) infection in the
population is one of the most effective methods for prediction of the epidemic spread in
a particular region. Such models are described by systems of nonlinear ordinary
differential equations (ODE). The coefficients of these systems characterize the features
of population and disease spread. Consequently, it is necessary to qualitatively evaluate
parameters of model (or their combinations) [1] for specification model for special
population.

Methods and Algorithms: The purpose of this work is the construction and
investigation of the numerical algorithm for determining the coefficients of nonlinear
ODE system which describes TB transmission processes with treatment and drug
resistance [2] using additional information about a special population according to
statistical data for the previous few years (namely, the number of healthy, latently
infected and infectious diseases individuals). The numerical algorithm is based on
combination of very fast annealing and gradient approaches for minimization of least
squares objective function [3].

Results and Conclusion: The results of numerical calculations show that above
approach determines the set of more sensitive parameters to a particular region that
differs significantly from its widely used standard values. The numerical results are
analyzed and discussed.

Acknowledgments: This work is supported by the Ministry of Education and Science
of the Russian Federation and the Russian Foundation of Basic Research No. 16-31-
001809.
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Motivation and aim: It has been shown [1] that a transformation from unipotent to
pluripotent spermatogonal stem cells can be carried out by cell culturing and does not
require transgenic intervention into the cells which opens a “clean” way of generating
iPS-like cells. However the molecular mechanism of such transition and signaling
pathways activated during such transformation are still not known. Understanding of the
signaling pathways involved is extremely important as it allows identification of master
molecules, responsible for such transformations. Such master regulators appear to be the
key nodes of signaling pathways and their affection can eventually lead to targeted cell
reprogramming into the pluripotential state.

Methods and Algorithms: We analyzed data from the experiment [1] with the use of
the geneXplain/BioUML platform. The upstream analysis approach [2] was used and the
intracellular signaling pathways, which emerge during the cell transformation into the
pluripotent state, were reconstructed. We identified several transcription factors
involved and master-regulatory molecules, which could be clearly seen as the key nodes,
responsible for all the variety of changes which eventually happen during the cell
potency transformation process. Among found transcription factors there were Oct4 and
NANOG - well-known pluripotency genes, but there also were other, not yet well-
studied transcription factors which can now be proposed to the scientific community for
further research. Upstream from the revealed transcription factors we identified few
potential master-regulators that can be used as novel targets for iPS development. An
article [3] was recently published on the analysis of the same data set [1]. The authors
experimentally confirmed the transcription factors that were independently found in our
study, but were not able to go beyond that and identify master regulators, which becomes
possible with the use of geneXplain/BioUML platform.

Results and conclusion: We constructed an intracellular signaling network guiding
transformation of unipotent spermatogonal cells to a pluripotent state. Novel key-node
master regulators were revealed. Namely: Gli2, TGFbetad, BMP4, E-cadherin, FGF-4,
SHIP, Tie2.
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Motivation and Aim: Construction and investigation of biological neural networks
models is one of the most important instruments in computational neurobiology.
Biologically reasonable computer simulation of a single neuron or neural network of a
living organism needs to be built upon the morphological and electrophysiological data,
including gap junctions and synaptic contacts, neuromediators, ion channels and ion
currents, and other neurophysiologic parameters. The NEURON [1] is one of the best
simulation environments, well-suited to problems that are closely linked to experimental
data, especially those that involve cells with complex anatomical and biophysical
properties. It is used in classrooms and laboratories around the world. Unfortunately, its
system for visualization of neural networks lacks many important features which could
make an interaction with it significantly more efficient and convenient. Modern high-
quality 3D graphics for scientific and educational purposes also seems beneficial.

Methods and Algorithms: Being a part of OpenWorm international project [2] aimed at
simulation of the C. elegans nematode, including its nervous system, we are interested in
development of a two-way data exchange interface between NEURON and Sibernetic [3],
our software for simulation of C. elegans body and environment, as well as in ability to use
custom 3D visualization and control for the NEURON-based simulation of the C. elegans
neurons. NEURON provides well-documented Python interface. We’ve chosen PyOpenGL
for 3D visualization, PyQt for GUI support and MathPlotLib for 2D graphs drawing.

Results: A cross-platform software tool for custom 3D visualization and control for
the NEURON-based neural networks simulations had been developed.

Conclusion: Currently available version can be already used as an alternative 3D
viewer for NEURON-based simulations, with elements of control and visualization of
signals propagation over the network. Integration with Sibernetic is expected to be
developed soon.

Availability: The source code is here:
https://github.com/openworm/sibernetic. NEURON

Acknowledgements. The work of A.P., S.K. and N.S. was supported by Russian
Federation President grant MK-5714.2015.9.
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Motivation and aim: In BioUML mathematical model is represented as visual
diagram. Each element of the diagram may be associated with element (variable,
equation) of mathematical model. BioUML provides several visual notations including
Systems Biology Graphic Notation (SBGN PD) [1]. Diagram should be semantically
correct according to both SBML and SBGN rules e.g. each reaction should have at least
one reactant or product, each arc should be connected to appropriate glyph, etc. This is
controlled automatically as user creates model. This process implies conversion process
between SBML and SBGN and vice-versa and was implemented in BioUML earlier.
However visual diagram created in BioUML could be easily passed to other tools only
as SBML with layout and rendering information, moreover not every SBGN element
was supported properly and several improvements were needed.

Results: Recently we have significantly improved support of SBGN and SBGN-ML
in BioUML.

1. Logical operator and phenotype are supported.

2. Ability to set brush, pen and title font for each separate diagram element.

3. Creation of styles for similar customization of groups of elements.

4. Corrected visualization of process glyph.

5. BioUML-specific elements “subdiagram” and “port” replaced by SBGN
“submap” and “tag”.

6. Automatic redraws of the diagram as user drags mouse.

7.  SBGN-ML export and import including.

8. SBML objects are automatically parsed to correspondent SBGN classes
(complex, macromolecule, simple chemical, association etc.) based on SBO annotation.

For automatic nightly testing we use reimport with automatic models comparison.
Another nightly test imports example SBGN-ML documents from www.sbgn.org and
generates report with comparison between diagrams from BioUML, other tools
(VANTED [2], SBML Layout [3]) and figure from specification.

Availability: described software is freely available as a part of open source platform
BioUML at www.biouml.org.
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Motivation and aim: This work is concerned with the problem of validation of a one-
dimensional model of the human cardiovascular system including the arterial tree of 59
vessels [1]. This kind of models is widely known and used in many studies. However to
our best knowledge, there are very few works on validation of models prediction against
significant amount of real clinical data. Usually validation is performed on single
individual or small group of volunteers.

Methods: In this work we use results of a clinical study [2] comprising more than
1500 subjects. We restricted ourselves to predicting of systolic (maximal) and diastolic
(minimal) pressures. Validation goes as follows: individual subject data is used to tune
(personalize) model parameters, numerical simulation is performed, then obtained
pressures are compared to those from database. Several simulations were conducted
using different combinations of parameters to personalize. Subject characteristics from
database are: height, weight, heart rate (HR), diastolic pressure, systolic pressure and
parameters of 4 arteries in limbs: effective radius, arterial elastic resistance,
characteristic impedance. Total peripheral resistance (TPR) and stroke volume (SV) are
estimated on the base of these characteristics. Cross-sectional area and elasticity for 59
arteries are extrapolated on the base of information about 4 particular arteries.

Results: The simulation results show that the single parameter — TPR is able to
explain up to 70% of systolic (r=0,838) and diastolic (r=0,81) pressures dispersion while
other parameters cannot account for more than 10% of dispersion. The best result is
obtained when personalization of the HR and SV is added to TPR: 1=0,897 for systolic
and r~0,925 for diastolic respectively. Thus, the structure of the arterial tree and arterials
cross-section area and elasticity are unlikely to play a significant role in prediction of
systolic and diastolic pressures. Meanwhile none of the used personalization parameters
could explain the variability of pulse pressure.

Availability: The model described in this paper is available as a part of the free open-
source platform BioUML at www.biouml.org.
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Motivation and Aim: Next-generation ecological modeling approaches are based on
the principles of emergence, predictability and structural realism [1]. Nowadays it
becomes clear that to make reasonable ecological models it is necessary to take into
account not only species interrelations but also their microevolution and organisms'
response to environment heterogeneity and its dynamic nature. It also tends to use
functional types rather than taxonomical units in ecological models. We find microbial
communities to be promising objects to manifest the power of such next-generation
approaches. On the one hand, a community is a strictly localized spatially distributed
structure where spatial localization of cells of different functional types determines the
variety its metabolic functions. On the other hand, microevolution of microbes runs
relatively fast and may be observed in both natural and experimental conditions [2].

Methods and Algorithms: In this study, we present a software package Haploid
Evolutionary Constructor 3D (HEC 3D) [3] designed for modeling and simulating
spatially distributed multispecies microbial communities. The HEC 3D specifies a model
on several layers of biological organization, namely, on genetic, metabolic, cellular,
population, and ecological ones. Using HEC 3D one may combine various mathematical
modeling approaches (agent-based modeling, differential equations, automata etc.) in
one model to simulate such processes as cellular chemotaxis, substrates flow and
diffusion, mutations, horizontal gene transfer, gene regulation, reproduction and
metabolism. We provide the import of SBML models into the HEC 3D model
(metabolism layer) as well as the graphical user interface and high-performance
calculations on various platforms.

Results: Several already published HEC 3D models (for example, in [3]) show the
close interrelations between evolutionary and ecological processes occurred in microbial
communities, where spatial organization of a community may predetermine the
evolutionary scenarios manifesting during its whole lifetime.

Conclusion: HEC 3D allows building comprehensive models of microbial
communities taking into account both high-level and low-level processes. We hope that
this tool will contribute to the development of general theory in this field and
understanding the underlying mechanisms.

Availability: http://evol-constructor.bionet.nsc.ru

Acknowledgements: The study has been partially funded by the RFBR grant
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Motivation and Aim: Establishing the relationship between the structural and
functional organization of genetic networks and its dynamic properties is a fundamental
problem of mathematical biology of gene. The aim is to study the methods of
mathematical modeling of dynamic properties of the genetic system of alternative
splicing, which is one of the basic formation mechanisms of protein diversity in
eukaryotes.

Methods and Algorithms: We use standard techniques as Lyapunov exponents,
Poincare maps and instability with respect to initial data.

Results: Developed a mathematical model of a genetic system constituting a single
transcription factor-encoding gene self-regulated by a feedback loop that involves
protein isoforms. Alternative splicing results in the synthesis of protein isoforms
providing opposite regulatory outcomes — activation or repression.

() 8, +6.( p(t ‘71))h p(t—17,) and p(t—7,) are the
=k n K n -k, p(t), concentration of the transcription factor
dt @+ ( p(t- Tl))“ +( p(t- TZ))“)Z isoforms — autoactivator and
K K autorepressor.

We investigated the conditions of transition to chaos in this model of alternative
splicing consisting of one differential equation with delayed parameters. It was found
that model exhibits hyperchaos with two positive Lyapunov exponents and all basic
scenarios of transition to chaos: through a cascade of period-doubling bifurcations,
through quasiperiodicity and through type-I, type-I1 and type-I11 intermittency. It should
be noted that the values of the parameters of transition to chaos in all scenarios
investigated are within the physiological limits of live systems functioning.

Conclusion: It has been theoretically proved the possibility of transition to chaotic
dynamics in the genetic system of alternative splicing based on real biological prototype.
Our model for the time being is the only example of biological system demonstrating all
classical routes to chaotic dynamics as well as the possibility of transition from chaos to
hyperchaos.

Acknowledgements: The work was partially supported by the RFBR (No 16-01-
00237a) and Project Fundamental Research of SB RAS (No 0324-2015-0003).
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Motivation and Aim: The Diagnostic and Statistical Manual of Mental Disorders
(DSM) uses multiaxial or multidimensional approach to psychiatric diagnostics.
However, personality disorders historically are viewed in a categorical classification.
The most widely used phychodiagnostic test, MMPI (Minnesota Multiphasic Personality
Inventory), is based on clinical scales in accordance to a “single-dimension” model. In
the recent, fifth edition of the DSM, an alternative hybrid categorical-dimensional model
for personality disorders is included to stimulate further research. On practice,
personality traits assessment plays a significant role in psychiatry diagnostics, but
present methods lack exactness. For example, in forensic psychiatry patient’s fate may
depend on the result of such method. This work proposes a new approach to process
data, received from psychometric examination. l.e., the aim is to improve existing
methods of psychometrics and to elaborate new ones.

Methods and Algorithms: In this work human personality is presented as a figure in
a multidimensional space, one dimension representing one personality trait. Each subtest
of psychodiagnostic examination estimates the expression of some trait. In MMPI test
human personality is figured as a broken line in 2-dimensional space, and accentuation
is diagnosed if the line goes beyond some level of “normality”. For certain reasons this
approach lacks accuracy. In multidimensional space the level of “normality” becomes a
multidimensional sphere, and certain personality disorders are pictured as areas in the
space beyond this sphere. The multidimensional figure that depicts patient’s personality
may situate within one or more of those areas, which represents accentuation of some
traits. Meanwhile the surface area of that figure is the combined index representing total
“harmonicity” of patient’s psyche. This representation solves some theoretical
difficulties concerning advantages and disadvantages of use of clinical-based scales in
the MMPI-2 vs use of “atheoretical” scales in the old MMPI.

Results: The work proposes a new approach to assess personality traits which
resolves some theoretical problems and may make the diagnostics of personality
disorders more precise. The reliability of this method is being implemented and tested
on virtual models.
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Motivation and Aim: Despite advances in surgery, corneal edema is a usual
complication after cornea transplantation. Removing of extra fluid from the swelled cornea
tissue is function of corneal endothelium. Little is known about the influence of
hypothermic conservation on ion and water transport in corneal endothelial cells. Cell
transport mechanisms that provide cell osmotic balance are determined, in a great extent,
by Na,K-ATPase pumping capacity. The intracellular concentration of sodium ([Na*]; ) is
result of balance between sodium entering the cell and outward current determined by
Na,K-ATPase. The main purpose of hypothermic conservation is to save transport ability
of endothelial cells in corneal transplants. The methods of transplants conservation are
subject of intense studies nowadays. The aim of the present work is development of
effective method for analysis of corneal endothelial cells transport function by creating
and using experimental protocol for measuring of [Na*]i and analytical software for
automatic computer analysis of experimental data.

Methods and Algorithms: Intracellular sodium concentration was measured using as
specific intracellular fluorescent probe for sodium Sodium Green (MolProbes, USA) by
the method developed in the group of cell molecular physiology (Institute of Cytology
and Genetics SB RAS)(1). Microscopic fluorescent images were captured with
AxioCam HSm (Zeiss, Germany) and stored on PC. The intensity of cell fluorescence
was evaluated by analysis of microscopic images of cells using software developed in
TDISIE, SB RAS.: program “CytoDynamics” (state registration number 2016612766).

Conclusions: The kinetics of intracellular sodium concentration was measured in
endothelial cells from isolated eyes of rat, pig and human. Experimental protocol was
developed by the group of cell molecular physiology (Institute of Cytology and Genetics
SB RAS). The software and user friendly interface was developed for automatic outline
fluorescent images of cells as AOI and analysis of fluorescence intensity. The software
was registered as “CytoDynamics” (State register number 2016612766). The program
analyses consequences of microscopic images of living cells that undergone experimental
protocol and calculates the values of [Na*]i. The results of calculations reflect the dynamics
of [Na*]i in individual cells. Program uses libraries OpenCV / JavaCV, it accepts colors or
monochrome images and presents the results as Excel tables and plots.

Complex approach includes experimental protocol for experimental measurement of
[Na*]i in endothelial cells and analytical software enables analyze large scale
experimental data sets. The program “CytoDynamics” could be useful as analytical tool
for transplantology and drug discovery.

References:

1. Solenov El. Cell volume and sodium content in rat kidney collecting duct principal cells during
hypotonic shock. J Biophys. 2008;2008:420963. doi: 10.1155/2008/420963.

62 MATHEMATICAL MODELING AND HIGH PERFORMANCE COMPUTING IN BIOINFORMATICS, BIOMEDICINE AND BIOTECHNOLOGY 2016



AN INVERSE PROBLEM FOR A SYSTEM WITH A SMALL
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Motivation and Aim: Inverse problems are very important for mathematical modeling
of biochemical kinetics and for its biological applications.

Methods and Algorithms: Our approach is based on the method of integral manifolds
and its modification to the applied problems [1, 2].

Results: A system of ordinary differential equations modeling some catalytic
reactions involves slow and fast variables, and it can be regarded as a singularly
perturbed system of the form

X' =1f(x,y, te), ey'=g(x, y, L,e), (1)

forx € R™andy € R"with the time derivatives x' and y', an infinitely small positive
number ¢, and some sufficiently smooth functions f and g.

We study an inverse problem for the system (1) under the following conditions:

1) the case of degenerate system =0 is considered;

2) the right-hand side f of the slow sub-system is a linear function f = Zbijxi y', p=1,

I+]J<p
3) the system (1) has one slow and one fast variable m=n=1;
4) the function g(x, y, t,e) is known and satisfies the implicit function theorem in the

domain, in particular, aayg(x, y,t,0) # 0, and thus the slow variable surface

a(x, y, t, 0) = 0 is known;

5) the slow surface has only one sheet.

Under these conditions consider the following dynamical system:

X' = po+pix+p2y; 9(x, y, t, 0) =0; (2)

x € Ry e Rt e R, pi€ Ri=0,12,x(t)=¢;, X'(t)= 4, i=1,2,3,

where the function g satisfies conditions 4), 5). Given ti, «;, ; we find unknown
coefficients po,p1,p2 Which satisfy the system (2).

Proposition. If the conditions 1) - 5) are satisfied for ti, «;,p; i=1,2,3, and

determinant of the system (2) is hon-zero, then the inverse problem has a unique solution.
Conclusion: Existence and uniqueness conditions can be obtained for the coefficients
of polynomial in the right-hand part of the slow well-conditioned subsystem when some
data are given on the slow surface.
Acknowledgements: Supported by RFBR, grant 15-01-00745.
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Motivation and Aim: Cardiovascular diseases are ones of the leading causes of
worldwide mortality. Mathematical models of the heart and corresponding computer
tools are becoming widely used to elucidate mechanisms of the diseases. Progress in
computer hardware made it possible to perform simulations of the physiological
functions of whole organs, including the heart [1, 2]. The LV is the largest and most
powerful of the four chambers of a mammalian heart including that of humans. It pumps
arterial blood with the large pressure into the aorta where the blood comes to all organs
and tissues of the body.

Methods and Algorithms: To take into account all individual features we use the
personalized or individual map approaches to construct the shape of the left ventricle
and to define myofibres direction field. They are essential for dynamics of the electrical
waves (e.g. spiral waves, see [3]) and following LV contraction. For these we use spline
modification of the analytical model of the left ventricle of the mammal heart [4, 5].

Results: For the model verification, we used DT-MRI data of a human heart [6]. From
these data we generate likeness of echocardiography two projections of the left ventricle.
For these two projections we construct a shape and myofibres direction field. The
average of vector fields deviation is 30.5 °, mean square deviation is 19.7 °.

Conclusion: The modified model approximates the left ventricle shape and the
myofibres direction field with sufficient accuracy in the case of a limited data or bad
quality.

Acknowledgements: supported by the Russian Science Foundation (grant no.14-35-

00005).
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Motivations and Aims: Under study are the problems of population dynamics whose
primarily feature is that the life activity of a particular specie is determined by the
astronomic time t and the age of the specie. This means mathematically that the
population dynamics is described by ultraparabolic equations. If the mathematical model
has as unknown not only density but also the coefficient at a solution (mortality) or some
external impact, then the problem under study is an inverse problem of population
dynamics.

Results: This talk presents a series of results on solvability of inverse problems of
population dynamics or, in other words, a series of solvability results on inverse
problems for ultraparabolic equations.

MATHEMATICAL MODELING AND HIGH PERFORMANCE COMPUTING IN BIOINFORMATICS, BIOMEDICINE AND BIOTECHNOLOGY 2016 65



TWO MODELS OF THE DROSOPHILA GAP GENE NETWORK
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Motivation and Aim: Bicoid (Bcd) as a classic morphogen plays a key role in the
expression of segmentation genes in Drosophila embryo. The segmentation gene
network controls the determination of the fruit fly segments during the blastoderm stage,
just before the onset of gastrulation. We applied the systems-level approach to
understand the spatial dynamics of gap gene expression domains under different Bicoid
dosages.

Methods and Algorithms: We considered two modeling approaches. The first
phenomenological model [1] uses the reaction-diffusion differential equations and the
matrix of regulatory coefficients characterizing the action of regulators on their targets.
The second sequence-based model [2, 3] uses thermodynamic approach to model target
gene expression at the RNA level and two sets of reaction-diffusion differential
equations for mMRNA and protein concentrations to describe the dynamics of the system.
We model the expression of 4 gap genes — hb, Kr, gt, and kni — under control of 11
transcription factors (TF) —the products of hb, Kr, gt, kni, bcd, tll, cad, hkb, cic, slp, and
run genes. We predicted TF binding sites in the potential regulatory region from 12Kbp
upstream to 6Kbp downstream of transcription start site for each gene using enhanced
dinucleotide positional weight matrices. The unknown model parameters were obtained
with the DEEP method by fitting the model solutions to both expression patterns of gap
genes and data on the hb anterior domain shifts in embryos with varying Bcd
concentration.

Results: Both models successfully reproduce the characteristic features of
experimental data. The sequence-based model reproduces the spatial dynamics of the hb
anterior expression domain more precisely.

Availability: The software is available from authors upon request.

Acknowledgments: The study was supported by the RFBR grant 14-04-01522 and the
"5-100-2020" Program of the Ministry of Education and Science of the Russian
Federation.
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Motivation and Aim: Several technologies based on chromatin immunoprecipitation
(ChlIP) have been developed to study the binding of transcription factors (TF) to genomic
DNA including microarray (ChIP-chip), ChIP-PET and ChIP-Seq [1]. The challenge is
to define whether such distal binding sites are functional, i.e. physically proximal to
target gene promoters via chromosome loops attracting RNA polymerase 1| complex for
gene transcription [2]. Chromatin Interaction Analysis with Paired-End-Tag sequencing
(ChlA-PET) method fits these demands still requiring development of specialized high-
throughput software for data integration [2]. The aim of the work was to develop a
computer program for statistical data analysis and test it on CTCF (CCCTC-binding
factor) binding sites, genes and spatial topological domains.

Methods and Algorithms: We used data on the location of CTCF binding sites clusters
obtained by ChIA-PET as well as obtained experimentally by methods Hi-C, ChIA-PET
[2]. Gene annotation was obtained from UCSC Genome Browser
(http://genome.ucsc.edu).

Results: In result has been developed computer software for statistical analysis and
visualization of results for experimental data obtained by ChIA-PET and Hi-C. The
program was developed in Java language that calls modules based on R and Matlab
environment using library such as Rserve and MatlabControl. The program has graphical
user interface. This tool has function such as identification gene location near to domains
boundary; near to binding sites of transcription factor; visualization of heatmap based on
pairs of CTCF binding sites; distributions of human genes relative CTCF binding sites
and a randomly generated list of such sites.

Conclusion: We considered a model the location of genes relative chromosome loops
and binding sites. Genes of RefSeq are located inside the loop between the sites
accounted for half of the total. It was revealed that most of the genes in the chromosomal
loops are arranged individually

Availability: Software is available from the author upon request

Acknowledgements: The work is supported by ICG budget project 0324-2015-0003.
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Motivation and Aim: Fast growing computational resources leads to the appearance
of new methods of quantum chemistry for solving many problems of structural chemistry
in application to the large biological systems. But there are also existed obvious severe
limitations of using purely ab initio methods for the analysis of molecular systems
consisting of a few hundred atoms. In cases where such systems are organized from
separate smaller size units the most successful approaches for their analysis are based on
the joint use of theoretical results with some empirical approach and in many cases result
in good descriptions of investigated systems.

Methods and Algorithms: Inverse vibrational problem is a problem of finding the
molecular force field parameters on a base of experimental data. This problem can be
written in a form of nonlinear operator equation

ApF =Ags, 1)
where Fe Z e R"™Y2 (7 is a set of possible solutions) is the unknown force constant
matrix (real and symmetrical), AcR™ represents the set of available experimental data
(vibrational frequencies, etc.) determined within & errorlevel: ||A-As|| < 6. Aisa nonlinear
operator which maps matrix F on the A, h is an error of operator
A: ||A-4n||€h. This problem relates to the class of nonlinear ill-posed problems (it does
not satisfy any of three the well-posedness conditions by Hadamard).

Results: For overcoming the ill-posedness of inverse vibrational problem the
guantum mechanical data are served as an additional information and as a stabilizer
within the regularization procedure while looking for the Regularized Quantum
Mechanical Force Field (RQMFF) [1]. Quantum mechanical data also provide a priori
information on molecular force field model.

Conclusion: As the result we obtain the regularized quantum mechanical force field
(RSQMFF) in different set of generalized coordinates including the scaled Cartesian
ones [2] which are convenient in applications to biological molecules. Examples of
application of this approach to bulky systems are presented.

Acknowledgements: This work was partly supported by the RFBR grant No 14-03-
00929a.

References:

1. G.M.Kuramshina, F.A.Weinhold, I.VV.Kochikov, Yu.A.Pentin, A.G.Yagola (1994) Joint treatment
of ab initio and experimental data in molecular force field calculations with Tikhonov's method of
regularization, J. Chem. Phys., 100(2): 1414-1424.

2. A.G.Yagola, 1.V.Kochikov, G.M.Kuramshina, Yu.A.Pentin (1999) Inverse problems of
Vibrational Spectroscopy. VSP. Zeist, The Netherlands.

3. LV.Kochikov,G.M.Kuramshina,A.V.Stepanova (2009) New approach for the correction of Ab
initio molecular force fields in Cartesian coordinates, Int. J. Quant.Chem., 109 : 28-33.

68 MATHEMATICAL MODELING AND HIGH PERFORMANCE COMPUTING IN BIOINFORMATICS, BIOMEDICINE AND BIOTECHNOLOGY 2016



POPULATION-BASED MATHEMATICAL MODELING
OF HUMAN IMMUNOGLOBULIN G N-GLYCOSYLATION

E. Kutumova'?*, I. Yevshin2, E. Basmanova®?®, N. Mandrik'2#, R. Sharipov*?3,
F. Kolpakov!2

Lnstitute of Systems Biology Ltd., Novosibirsk, Russia

2Design Technological Institute of Digital Techniques, Novosibirsk, Russia

3Novosibirsk State University, Novosibirsk, Russia

4Soholev Institute of Mathematics SB RAS, Novosibirsk, Russia

* Corresponding author: elena.kutumova@biouml.org

Key words: population-based modeling, immunoglobulin G, N-glycosylation, parameter fitting, genome-
wide association study

Motivation and Aim: N-linked alycosvlation of immunoglobulin G (1gG) is the
important process that plays a fundamental role in a range of human pathologies
including autoimmune and inflammatory diseases, as well as rheumatoid arthritis. The
formal description of N-glycosylation was significantly enriched for the last years and a
range of mathematical models considering consequent formation of sugar molecule
oligosaccharides known as alycans was created. Relative values of IgG glycan levels in
individual human plasma proteins could be detected by ultra performance liquid
chromatography (UPLC), whereas genome-wide association study (GWAS) of these
values in human populations could be used to identify new genetic loci possibly
implicated in the glycosylation process. Thus, the problem of GWAS performed for
relative concentrations of enzymes that appear in the mathematical model of the IgG N-
glycosylation and catalyze reactions of the glycan formation became actual.

Results: In this work, we have progressed from experimental studies of 1gG N-
glycosylation to the population-based mathematical modeling and in silico studies of this
process. We developed a mathematical model of 10G N-glycosylation on the base of data
from the KEGG database and models constructed by Krambeck et al. [1]. The model
includes 45 glycans from the human IgG glycome, 7 enzymes and 106 biochemical
reactions occurring in the Golgi apparatus represented by four compartments: cis-,
medial- and trans-cisterns, and trans-network. To train the model parameters we used
guantitative UPLC data of 1gG N-glycosylation obtained for 1723 individuals from two
European populations [2]. The data represent relative values of glycan levels in 22
chromatographic peaks generated for each individual. To approximate these data, we
defined 28 model parameters reflecting concentrations of seven main enzymes
catalyzing formation of glycans in four Golgi compartments. We performed consecutive
reduction of these parameters to decrease the risk of the model overfitting and received
a set containing 13 parameters adjusted for each individual. Then we searched for
aenomic associations with enzyme concentrations using previously published genome-
wide single-nucleotide polymorphism (SNP) data and fitted model parameters. As a
result, we detected four known loci (FUT8, MGAT3, ST6GAL1, and SMARCB1-DERL3)
provided by only few traits, while GWAS performed for raw values of glycan peaks did
not give clear associations with the traits.
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Motivation and Aim: Immune response characteristics are individual for specific
pathogen. In mathematical models these characteristics describe coefficients in systems
of nonlinear ordinary differential equations (ODE). It is necessary to identify the specific
parameters so called inverse problem for constructing an individual treatment plan. The
aim of work is development and validation a numerical algorithm for solving an inverse
problem for ODE using additional measurements of system states at fixed times.

Methods and Algorithms: The paper focuses on numerical investigation of the inverse
problem for the basic mathematical model of infectious disease developed by G.I.
Marchuk [1]. This model describes dynamic of concentrations of pathogenic antigens,
antibodies, plasma cells and relative characteristic of affected organ. The direct problem
is solved by Runge-Kutta-Felberg method. Inverse problem consists in determining of

parameter vector qeRlO using additional measurements at fixed time points

t.,k=12,..K, that could be defined by blood test, urinalysis, MRI, etc. Inverse

problem reduces to the minimization of the misfit function [2]. The solution of
minimization problem is identified by the combination of two methods, i.e. genetic
algorithm and gradient method of minimal errors [3]. Firstly, genetic algorithm finds the
global minima domain. Then the gradient approach determines the inverse problem
solution q using the regularization technique. The evident formula of the gradient of the
misfit function based on an adjoint problem solution is obtained.

Results: A combination of stochastic and deterministic methods restores the
parameters of the model quite well. It helps one to predict the course of disease.

Conclusion: A combined numerical algorithm for parameter identification in basic
mathematical model of infectious disease using measurements of system states in fixed
times is constructed and validated.

Acknowledgments: This work is supported by the Ministry of Education and Science
of the Russian Federation and the Russian Foundation of Basic Research No. 16-31-
00189.
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Motivation and Aim: In [1], on the basis of the D-component of DLF-theory (see [2]), we suggested
a modification of the theoretical basis of the Penrose-Hameroff model of consciousness. Detailed
computations of [3] indicate that our modification turned out to be quite a working one. As a follow-
up, we now try to incorporate the fundamental notion of a psychophysical (rather than purely ﬁhysical)
event into a rigorous model (which necessarily involves quantum mechanics, QM). Here are the basics
of Stapp’s approach (see [4]) to the mind-matter problem. These dual-aspect psychophysical events
are now the basic entities. The psychological description and the physical description specify two
aspects (sides) of a single event-type entity. The conscious self is a stream of conscious events. These
events are the psychologically described aspects of a sequence of psychophysical events whose
physical aspects are a sequence of physical events in a single brain. Mental process is to be understood
in terms of this richer dualistic ontological base, rather than the impoverished purely physical part that
survives contraction to the classical approximation. The first author believes (see FS% that it is the
presence of the (space-time, ST) component F in the DLF-triad which may allow to adequately
describe psychological part of person’s stream of conscious experiences (as shown by Segal [6], the
D-component models the physical part). It is worth reminding that the main idea of the DLF-approach
to model particles and interactions is that there are three Hamiltonians (the “Russian Troika”, see [2])
to drive evolution of a physical system. The aim of our current study is to (Somehow) circumvent
sm(?ularltles (they are unavoidable in the F-component whereas they are absent in the D-component)
and to develop methods of the F-based analysis of ST-bundles. Here is a ‘purely mathematical reason
for such a research: of all four-dimensional Lie algebras (there are infinite
u(2) and uél,l) are the reductive ones.

Methods and Algorithms: The QM-approach to consciousness necessarily involves the notion of a
parallelization of ST-bundles (elements of which are wave functions). Segal’s theory (see [6, 7])
exploits D, the Lie group U(2), whereas F:U§1,1). Matrix Lie groups Gp, Grare certain representations
of SU(2,2). Gp acts globally on D by linear-fractional transformations, whereas there are singularities
of the linear-fractional Ge-action on F. The main new constructs describe properties of finite and of
infinitesimal Gg-actions on F. The data/results are presented similarly to how it has been done in [7]
for the D-case. In particular, we keep the tables’ numeration (there are ten tables in [7] which present
important vector fields, their actions, and other parallelization-related data): for each D-table its F-
counterpart has to be determined.

Results: So far, we have determined Tables I, I1l u IV. Overall, Table IV (having in mind part of
the Table | initial data) can be viewed as the starting goint in order to determine all other necessary
information about the infinitesimal Ge-actions on F. Our lines of reasoning are based on the linear-
fractional action. Hence, they can be applied to both D- and F-cases. Notice that [6] does not provide
much details on how the data has been determined.

Conclusion: The obtained results (together with some earlier findings% provide mathematical
ground which allows to start the analysis of ST-bundles on the basis of the F=U(1,1) parallelization
group. Such an analysis and its correlation with the analysis of ST-bundles on the basis of the D=U(2)
parallelization group are of utmost interest. In particular, we hope to incorporate Stapp’s approach to
the mind-matter problem into the DLF-model.
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Motivation and Aim: The traditional approach to mathematical modeling of biological
systems involves usage of nonlinear systems of ordinary differential equations (ODEs)
with given initial conditions. Talking about the modeling, we emphasize the fact that we
consider an abstraction and study the mathematical description of some qualitative and
guantitative characteristics of biological processes. The level of detail is dependent on
the problem and based on the knowledge of the researcher. On the one hand, many
meaningful models consist of few non-linear equations. On the other hand, a detailed
study of the biochemical networks leads to development of large-scale models consisting
of hundreds of variables and, therefore, equations. Moreover, if we incorporate to the
model site-specific details of protein-protein interactions, the number of protein
modifications increases dramatically, and complexity of the model becomes
combinatorial. For example, a protein comprising n amino acids can be potentially found

in 2" distinct phosphorylation states.

Investigation of such models using formalism of differential equations is difficult in
view of the fact that we need to analyze thousands of variables whose values are often
small. Visualization of the models (graphical representation of the reaction network as
diagram) using one of the conventional standards (e.g., SBGN or KEGG) does not
simplify the problem, although the diagram is easier to interpret than the corresponding
system of equations, and readability of the diagram can be improved.

Methods and Algorithms: The main idea to deal with such models is based on
representations of protein-protein interactions using rules serving as generators of
species and biochemical reactions (or discrete events). This approach is known as «rule-
based» modeling. Each rule describes a class of reactions with a common kinetic law
and establishes the correspondence between reactant and product patterns defining a set
of species with similar chemical compositions and properties.

Conclusion: The principles for creation of the «rule-based» models were
implemented in several software resources including KaSim
(http://dev.executableknowledge.org/) and BioNetGen (www.bionetgen.org). BioUML
supports the BioNetGen language (BNGL) and a special graphical notation created on
the basis of SBGN and uses it to visualize the «rule-based» models.

Availability: BioUML is available to download on www.biouml.org (free).
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Motivation and Aim: The paper offers the theoretical bases and algorithmic support
for processing and analysis of medical imaging data (urology), signal and image
processing.

The first group of tools is Fourier series based algorithms for data approximation.
Combination of these algorithms allows us to construct experimental functions for any
medical imaging signals and solve the data restoration and data extrapolation problems.

Other group of tools is algorithms for spectral decomposition and spatial clustering
of spatial data with respect to an anisotropic features and geometric singularities of
studied structures. These tools helps to extract fine-grained features of noisy data.

The last tool is a technique of detecting patterns in data based on nonlinear
multivariable regression. Technique allows to get an adequate estimates of parameters
of detected patterns with respect to “quality” of studied data.

Results: As a result, combination of existing medical imaging data processing
algorithms and proposed algorithms enables us to increase the quality and effectiveness
of medical imaging data modelling.
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Motivation and Aim: We consider a class of systems of nonlinear ordinary differential
equations with parameters. We study properties of solutions to the systems and propose
a method for approximate solving the systems in the case of very large coefficients.

Results: Consider the following system of nonlinear ordinary differential equations

dx, n-1 x d; n-1 X3 n-1 X

},+g(t7xn)l T 7 o j=2,...,n—1,
dt 7 1+ pX dt T l+pXiy 7 l+pX (1)
dx, n-1 X, 2
—n=-—=_"M1 _fx, 7, p,y>0, 820, g(t,u)eC(R").
- 7 1o, OO Py g(t,u)eC(R?)

In the case of p=0the system is often termed the ‘Goodwin’ model. Ordinary

differential equations of such kind and more complicated equations containing Hill's
type functions arise when modeling gene networks. In the case of, n =1 in order to study
effectively solutions to this system [1], one can use methods proposed by G.V.
Demidenko for various systems of nonlinear ordinary differential equations of large
dimension (for example, see [2, 3]). In the present paper we study properties of solutions
to (1) for Tt <1 when n is fixed. As result, in order to find approximately the last

component X, (t,7) of the solutions, it is sufficient to solve one ordinary differential

equation. This result gives us an effective method for approximate calculating X, (t, 7).

Moreover, the less 7 , the more exact the method:; i.e., the larger the coefficients of (1),
the more exact the approximate solution. Thereby this method allows us to avoid
difficulties arising inevitably when solving systems of nonlinear differential equations
with very large coefficients.

Acknowledgements: The research was supported by the Russian Foundation for Basic
Research (project no. 16-01-00592).
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Motivation and Aim: The barcoding of Yersinia genus is important due to some
Yersinia species are human pathogens. A full biochemical identification of Yersinia
species and its biotyping is time-consuming (about 20-25 tests). Recently, the gyrB gene
sequencing was proposed as an identification tool instead of 16S rDNA one, which
cannot resolve several phylogenetic relationships. The gyrB region of 430 bp was chosen
to develop Yersinia barcoding.

Methods and Algorithms: Our Database contains the 344 verified gyrB sequences of
Yersinia species. Genetic distances between each sequence were estimated using
Kimura’s two-parameter model (K2P). For each sequence was calculated the average
K2P distance to sequences inside its cluster and the minimal K2P distance to outside
sequences. The data were used in SVM binary classification to find the best barcoding
threshold value which separates distances inside a cluster from other distances. For
classification of an unknown Yersinia sample our algorithm calculates its average K2P
distance to all clusters and picks two nearest (d1 < d2). If d1 < threshold < d2 then the
sequence belongs to the first cluster. If d1 < threshold and d2 < threshold then the
sequence falls between the selected clusters and we cannot classify this sample. If
threshold < d1 and threshold < d2 then the sequence forms its own cluster. The cross-
validation of our algorithm was performed with the leave-one-out method.

Results: The best threshold value for separating intra- and interspecific distances was
2.14%. This value provided classification accuracy of 99.4%, and cross-validation score
of 98.2%.

Conclusions and Availability: Based on these results, we developed the public web-
service which allows identifying any Yersinia species. This service is suitable for
routine, large-scale Yersinia screening.

Acknowledgements: This work supported by the Far Eastern Federal University,
project Ne 14-08-06-04_m
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Motivation and Aim: In DNA sequencing technology, adapters are not trimmed
completely or even left as is, which results foreign sequences in data[1]. We solved task
of predicting adapter sequences without having original adapter sequence. The purpose
if this work is to devise a program using Apace Spark framework that would discover
adapter sequence remained in NGS data.

Methods and Algorithms: Algorithm comprises enumerating all k-mers (overlapping
subsequences of length k) in original data and search for overrepresented k-mers. After
that overrepresented k-mers are glued together to form adapter sequence, considering k-
1 overlap.

Results: We implemented a program that searches for overrepresented sequences in
NGS data using framework for distributed computation Apache Spark. A sequence
joining algorithm, which assembles an original adapter sequence, was devised. Software
was tested on an experimental data of one person produced by Illumina X Ten sequencer.
We archived linear computation-time speedup on the number of computing nodes.
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Histogram of values of frequencies of top 1500 k-mers (k=10) on test analysis of fastq file of patienet
NA12878 (137G). Axis X — ratio of number of found k-mers to average value. Axis Y — frequency of first
1500 k — mers (sorted descending of frequency).

Conclusion: We developed an algorithm that was used to search for foreign
sequences in NGS data. It was implemented in Scala language. The algorithm runs on
an Apache Spark cluster. It was used to find an adapter sequence in raw [llumina HiSeq®
sequencing data.

Availability: Software is available on request

References:
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Motivation and Aim: Virtual drug screening is a significant part of drug development
process as it allows reducing the chemical space of the order of 10%° potentially
synthesizable compounds down to a manageable set for laboratory testing. However,
pre- and post-filtering of the chemical space consume a lot of effort and time which
makes structure-based virtual drug screening over very large databases unfeasible. Small
focused libraries are not always readily available for new drug targets. In this work we
address a game-theoretic model for filtering the explored compounds space on the fly
when performing structure-based virtual drug screening over very large databases.

Methods and Algorithms: Being a computational technique to process many
independent fine-grained tasks, virtual drug screening essentially involves a set of
computational nodes that may be seen as independent agents, each of them willing to
perform as much useful work as possible. We model virtual drug screening process as a
congestion game between computational nodes who compete for a shared pool of
resources, namely subsets of computational tasks. The utility of each player depends not
only on the value of the chosen resource, but also on the number of other players
choosing it (the “congestion level”). According to drug development principles, two
primary characteristics of the resulting set of compounds to be laboratory tested are their
estimated efficiency of interaction with the disease-relevant target and their structural
diversity. Ranking compounds by the former characteristic is performed by molecular
docking software. We propose to attain the structural diversity of the results by
employing the competition between computational nodes that tend to select the
computational task subsets that are in less demand by other nodes.

Results: We propose a congestion game model for virtual drug screening. The game
has at least one Nash equilibrium in pure strategies; best- and better-response dynamics
are guaranteed to converge to equilibrium in polynomial time. The social utility function
expresses efficiency and diversity of the resulting set of compounds. The developed
algorithms for taskflow management are being implemented and tested within the
BOINC-based Enterprise Desktop Grid for virtual drug screening [1].

Acknowledgements: This work is supported by the Russian Fund for Basic Research
(projects 16-07-00622 A and 15-29-07974 ofi_m).
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Motivation and Aim: We consider the problem of detecting the inclusions in the
medium by using acoustic sounding. These problems can be considered in medicine
tomography, based on the propagation of ultrasound waves. We consider different
approaches to the problem: continuation of the acoustic field from the boundary inside
the domain and the inverse problem of determining coefficients of the system of acoustic
equations, which describes the parameters of the medium.

Methods and Algorithms: We reduce the ill-posed problem to the operator equation
[1,2]. For numerical solution of the continuation problem we apply singular value
decomposition method and gradient method. We also consider the gradient-based
optimization approach for solving coefficient inverse problem [3].

Results: Theory and numerical methods are developed for the continuation problem
of the acoustic field. As the result, the formulae to calculate the singular values of the
continuation problem operator and have been obtained.

Acknowledgements. The work was supported RFBR (projects No. 16-01-00755 and
14-01-00208) and the Ministry of Education and Science of the Russian Federation.
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Motivation and Aim: Building in silico C. elegans is an attractive idea because
creation of the first simulation which correctly reproduces neuroinformational processes
of a whole real nervous system will assure that it is highly probable to do it for more
complex organisms as well. Realistic body is also required, either robotic (which is
hardly realizable for a tiny worm) or simulated on a computer, since the nervous system
needs to receive signals from sensors and send them to drive muscles. A feedback, for
example, between a locomotory command and the subsequent feeling of sliding on a
substrate may also be quite important for correct functioning of the nervous system. This
thesis describes our new highly realistic simulation of C. elegans body capable of
crawling and swimming. The real one is spindle-shaped, 0.8..1.0 mm long and 60-80 um
in diameter. It can be represented as an elastic shell filled with a pressurized liquid
provided with body wall muscles attached to the shell’s inner surface.

Methods and Algorithms: Sibernetic is a cross-platform simulation environment [1]
designed for 3D simulation of physical (liquid, elastic and solid matter) and
biomechanical objects (muscles, membranes, tissues) dynamics, which we have
developed to simulate C. elegans body. It is based on parallel OpenCL/C++ high-
performance realization of prediction-correction incompressible smoothed particle
hydrodynamics algorithm used for simulation of liquid, which is supplemented with a
number of original features providing ability to construct and deal with biomechanical
objects. The data for C. elegans body form and muscular cells geometry and layout were
extracted from the microphotographs.

Results: C. elegans body was constructed and parameters describing it and surrounding
environment (viscosity, elasticity, surface tension, muscle contraction force etc) were
tuned to provide realistic swimming and crawling (without cross-slipping) when muscles
were activated with appropriate sinusoidal signals. Simulated movement is comparable
with real worm locomotion properties - wavelength, amplitude, velocity etc.

Conclusion: An important step towards building a virtual C. elegans was taken -
realistic 3D simulation of swimming and crawling in an explicit environment was
performed.

Availability: Sibernetic source code is available at https://github.com/openworm/
sibernetic

Swimming and crawling video are here: https://www.youtube.com/user/
CyberElegansTeam

Acknowledgements: The work was supported by Russian Federation President grant MK-
5714.2015.9
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Motivation and Aim: Gene networks serve as the basis for modelling of processes
going on in a cell. Circuits with positive and negative feedback control gene network.
Some features of the structure of regulatory circuits can be stated in terms of digraphs;
the process of the substance concentration redistribution can be described as the discrete
model. This research considers the discrete dynamical system which is one of such
regulatory circuit models.

Methods and Algorithms: A circulant is the digraph whose adjacency matrix is a
circulant matrix. General model of the discrete dynamical system of a circulant type is
introduced in the article [1]. Consider the following case.

Let Gnq be a complete digraph with n vertices. At each time the vertices are labelled
with the elements Xo, X1, ..., X1 Of a finite field F of order g. Let us call the tuple
V = (Xo, X, ..., Xn-1) the state of the system. At the next moment the state of the system
changes, and dynamics of its change is defined by the mapping Add: F" — F"; each
vertex gets new label which is equal to the sum of old labels of those vertices which has
an outgoing edge incoming to the considered vertex.

A functional graph is the digraph whose vertices are the elements of F" and there is
an edge from w to v if and only if Add(w) = v.

The research is dedicated to the study of functional graphs FGnq in case of some
“errors”, i.e. removing of one or two edges from circulant G, 4. The influence of these
errors to the structure of functional graph is also a subject to study.

Results: The functional graphs FGnq are fully described in case of g =2 and n > 3:
any functional graph FG,, can be divided into subgraphs which are isomorphic to FGs
where s=nmod 2 + 4.

Conclusion: Obtained result adds new information to descriptions of the functional
graph of a discrete dynamical system of gene networks.

References:
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Motivation and Aim: The present paper discusses the method of identification arterial
aneurysms of human cerebral vessels by using of mathematical model. Human cerebral
circulation as a single tuned circuit, which consists of blood flow, elastic vessels and
elastic brain gel tissue is under consideration and non linear Van der Pol — Duffing
equation is assumed as mathematical model of cerebrovascular circulation.

Methods and Algorithms: The current study deals with analysis of data processed.
Clinical data was obtained at Meshalkin institute of circulation pathology, Novosibirsk,
Russian Federation. This data was obtained during realtime cerebrovascular
measurements for neurosurgery operations. The pressure and velocity were measured
with ComboWire sensor and ComboMap station (Volcano Corp.)[1]. Mathematical
model which is under consideration is empirical and described by Van der Pol — Duffing
nonlinear ordinary differential equation:

eq"+(al+a2-q+a3-q"2)q'+(bl-g+b2-g"2+b3-q"3)=ku, Q)

here g- pressure, u-velocity, € is a small parameter. The method of calculating
coefficients al,a2,a3,b1,b2,b3,k were discussed in [2]. In present study this equation
considered as slow-fast dynamic system.

Results: The classification of all hyperbolic singularities of slow subsystem for eq. 1
was completely obtained. Let us talk that measurement position has index n if this slow
system has n different singularities. It was noted that before the operation the
measurement near arterial aneurysm has index 2 or 4 in terms discussed above.

Conclusion: Comparison of the current analysis results to the clinical visualization
data allows us to formulate hypothesis.

Hypothesis(Test). The presence of arterial aneurysm in blood vessel could be detected
by index value of the measurement for this position

Acknowledgements: The study was completed thanks to the support of Russian
Foundation for Basic Research (project No 14-01-00036).
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Motivation and Aim: Study of diffusion transport processes in materials is important
for tissue engineering applications. The tissues may be either optically transparent or
not. In the work we study material transport in collagen and gelatin thick films, as well
as in mineral matrix of bone tissues.

Methods and Algorithms: The collagen and gelatin films of about 100 um thick were
kindly provided by I. Zakharova, and the bone specimens were kindly provided by I.
Kirilova. We used fluorescent antibody in FRAP experiments with films, and MnO ions
and nanoparticles in MRT experiments with bone specimens. The process of substance
particles penetration into the specimen can be described by a diffusion-reaction model.
The coefficients of the model describe the specimen transport properties. In order to
study coefficient inverse problems we use sensitivity operator that is constructed with
adjoint functions [1]. This operator allows analyzing the inverse problem with singular
value decomposition. Multidimensional diffusion-reaction problems are dealt with
splitting approach. This require direct and adjoint numerical schemes to be consistent in
order to produce correct numerical algorithms. To reconstruct coefficients we use
gradient based optimization methods for discrepancy functional [2] and Newton-type
methods based on the sensitivity operators.

Results: Protocols of experiments were designed, and preliminary experimental data
were obtained, and processed. Algorithm for diffusion coefficient reconstruction and
inverse problem analysis based on sensitivity operators for image-based measurement
data was developed, and diffusion coefficients were evaluated, and compared with
published ones.

Conclusion: The developed algorithm is demonstrated to be applicable to study
diffusion transport processes in biologically significant materials.

Availability: Algorithms are available on personal inquiry to authors.

Acknowledgements: The work was supported by RFBR grant 15-29-04875.
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Motivation and Aim: The mammalian circadian timing system is a finely tuned
hierarchical system which regulates a wide range of processes in the body (molecular
genetic, physiological and behavioral) with a period close to 24 hours, allowing the body
to optimally adapt to the cyclical changes of environment [Reppert, Weaver, 2001].
Almost every cell in an organism contains autonomous molecular genetic circadian
oscillator (CO). The structure of this oscillator can be described by a complex gene
network with the feedback process mediated transcription, post-translational
modification of proteins, protein-protein interactions, chromatin modification, and
others. The basis of the circadian oscillator structure constitute by the two interlocked
negative feedback loops generating the circadian rhythm. Additional feedbacks of this
gene network provide stability of the oscillator functioning and its relationship with the
other molecular-genetic systems and pathways of the organism. One of them is formed
with the participation of NAD-dependent deacetylase SIRT1, which couples the
deacetylation of a number of transcription factors and co-factors to the cleavage of
NAD-+. Therefore, SIRT1 play a vital role in metabolism, inflammation, apoptosis, stress
resistance, energy responses to restriction and high calorie intake, development, and
reproduction, which will ultimately affect the processes of aging and disease.

Methods and Algorithms: The circadian rhythm gene network was reconstructed
using the GeneNet system (Ananko et al., 2005). Computer model for mammalian
circadian oscillator was implemented in MATLAB (Mathworks) as a system of 187
ordinary differential equations.

Results and conclusion: We have modified and extended the most detailed circadian
clock mathematical model, developed by Kim and Forger in 2012 [J.K. Kim and D.B.
Forger, 2012]. In particular, the subsystem comprising genes / proteins NAMPT and SIRT1,
as well as NAD + and NAM was added into the model. The clock gene expression data,
kinetic constants and characteristics of the dynamics of the mammalian circadian processes
for the wild type genotype and different mutations in the clock genes were collected and used
to verify the extended mathematical model. A numerical study have demonstrated that the
dynamic characteristics of the model, including the period, the amplitude and phase changes
of concentrations agrees well with the experimentally observed values.

Acknowledgements: The work was supported by the RSF (the project No 14-24-
00123).
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Motivation and Aim: The methods of network analysis and searching patterns of
structural organization of biological networks including gene networks, interactomics
networks, gene co-expression networks, the diseases networks, etc. currently used for
solving practical problems of bioinformatics and systems computational biology. The
paper presents the methods for analysis of biological networks, including methods for
analysis the local and global topological properties of networks, methods for identifying
the subsystems on the network, the methods for comparing of network structures, etc.,
and the results of analysis of gene network and protein-protein interaction network which
was applied to research mammalian circadian oscillator.

Methods and Algorithms: A method for constructing structural models of biological
networks (null model) as random graphs with structural patterns similar to the patterns found
in the analyzed biological network are developed. Null structural models of biological
networks are important for building statistical hypotheses for solving various types of
applications of bioinformatics and computational systems biology is proposed. The original
method for description of the integrated structural characteristic of the biological network
was proposed. The integrated structural characteristic of the network corresponds to a
principal component, built on the basis of the structural characteristics of local units -
graphlets frequencies (small related isomorphic induced subgraphs), which include the
vertex. On this basis, we developed a method of comparing the network and a statistical
criterion for testing the hypothesis under consideration the network of its structural model in
the form of random graphs. The circadian rhythm gene network was reconstructed using the
GeneNet system (Ananko, 2005). A network of protein-protein interactions (PPI) in the liver
at different times of day was reconstructed using experimental data on protein-protein
interactions, gene/protein expression data in liver tissue.

Results and conclusion: A PPI network in the liver at different times of day and an
expanded version of the gene network of the mammalian circadian oscillator have been
reconstructed. The structure of PPl network changed during circadian rhythm that was
used to search for structural network biomarkers of the circadian oscillator disorders. A
computer analysis of the gene regulatory network of the circadian oscillator and
biological interpretation of the identified structural features, including central peaks gene
network (hubs), structural patterns of regulation and non-random structural motifs,
strongly connected components, regulatory circuits and structural-functional units
(clusters) were done. As a result, we identify the central component of the circadian
oscillator, which includes basic regulatory circuits passing through the key element of
the circadian clock the protein Clock/Bmall. The reconstructed structural model, which
includes both the central component and functional subsystems interacting with it,
became the basis for building an extended mathematical model of the dynamics of the
gene network regulating the circadian oscillator.

Acknowledgements: The work was supported by the RSF (the project Ne 14-24-00123).
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Motivation and Aim: In studying the electrocardiogram (ECG) is usually analyzed
form of waves, length of waves and complexes of the segment, variability of the lengths
of the various intervals of the ECG. Frequencies above 100 Hz are ignored. At present,
however, for ECG are used the high-resolution electrocardiographs with a sampling rate
of 20 kHz. Therefore, the signal recorded on such cardiographs, also contains high
frequency components. The aim of this work is to show that high-frequency components
of the ECG are a significant diagnostic information regarding ECG.

Methods and Algorithms: The multilevel wavelet decomposition of the ECG signal
and the extraction the high frequency components. Then calculate the number of signs
these high frequency components, including the energy, entropy and frequency
characteristics of the wavelet decomposition component. The next step is the reduction
dimensionality of the feature space using the theory of statistical pattern recognition [1]
and the construction of linear classifiers that are able to distinguish between groups of
ECG signals.

Results: Developed automated classification system that divides the ECG of patients
and healthy patients using only the high frequency components of the ECG. To build a
classifying system was used 120 ECG records of patients who have had a recent
myocardial infarction (acute period) and 96 ECG records of group healthy patients.

Conclusion: To test the classification system used the ECG records of 96 patients
with normal cardiogram and 120 ECG records of patients with myocardial infarction. It
turned out that the probability of recording the ECG of a healthy patient to enter the
group of patients the ECG is 0.049, and the probability of a patient ECG record patient
classified as healthy ECG is 0.152. The results of the test for good classification
accuracy. Therefore, high frequency components of the ECG contain significant
diagnostic information. This system can be used as a supplement to the classification
systems based on the analysis of complex waves and segments of ECG for more accurate
separation of patient groups.
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Serotonin receptors 5-HT1a and 5-HT; are highly co-expressed in brain regions
implicated in depression. However, their functional interaction has not been established.
We have recently demonstrated that 5-HT1a and 5-HT7 receptors form heterodimers both
in vitro and in vivo. Functionally, heterodimerization is critically involved in initiation
of the serotonin-mediated 5-HT1a receptor internalization and also enhances the ability
of the 5-HT.a receptor to activate the mitogen-activated protein kinases. Moreover,
heterodimerization markedly decreases the ability of the 5-HT1a receptor to activate G-
protein gated inwardly rectifying potassium channels in a heterologous system and in
hippocampal neurons, demonstrating a physiological relevance of heteromerization in
vivo. In addition, heterodimerization is critically involved in initiation of the serotonin-
mediated 5-HT1A receptor internalization and enhances the ability of the 5-HTia
receptor to activate the mitogen-activated protein kinases. Finally, we found that
production of 5-HT7 receptors in hippocampus continuously decreases during postnatal
development, indicating that the relative concentration of 5-HT1a-5-HT7 heterodimers
and, consequently, their functional importance undergoes pronounced developmental
changes.

Generally, our data suggest that the regulated and balanced ratio of homo- and
heterodimerization on pre- and postsynaptic neurons may be critically involved in the
onset of psychiatric diseases (e.g. depression and anxiety) and addiction.
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Motivation and Aim: Discrete dynamic systems are a powerful instrument for
modeling various complex structures. Specifically, they are important in describing
architecture and behavior of gene networks describing real processes in the cells of living
organisms. Besides analyzing the functioning of such systems, discrete dynamic systems
recovery from experimental data is of great interest [1,2].

Methods and Algorithms: Discrete dynamic system is a directed graph Gy, (V, D) with
the set of vertices V={vo, ..., vn-1}. Value xi from Z; is attributed to each vertex v;. The
set of values of all the vertices determines a state s of the dynamics system. Change of
value in the vertex v; is determined by a threshold function fi(xo, ...,xn-1) With weights
W={wy, ..., wa1} from Z,. Significant variables of these functions are determined by the
graph G,. The system functioning means changing each vertex value in the next moment
— transition from the current state to the next one. 2 consistent system states are called a
test. Discrete dynamic system recovery requires computation of the test set, uniquely
defining this system.

Results: Discrete dynamic system recovery with integer threshold functions was
investigated in this study; arbitrary discrete dynamic system graph structure recovery
algorithm with n2(p — 1) — n + 1 test complexity was designed. Full system recovery
algorithms with pseudopolynomial complexity were discovered. Upper bounds
estimations of testing complexity were also found.

Conclusion: The presented algorithms recover discrete dynamic systems from
experimental data of their functioning, which allows predicting their further behavior
and influence them in order to achieve the needed system state.

Acknowledgements: This work was supported by the RFBR grant 14-01-00507.
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Motivation and Aim: Dynamical registration and simultaneous fMRI-EEG mapping
of neuronetwork formations is a one of the promising way to study the neurobiofeedback
fenomena.

Methods and Algorithms: The group of respondents were trained to improve self
regularization state using neurobiofeedback and studied with simultaneous fMRI and
EEG measurements during their trainings. To reduce the experiment dimensions the
fMRI brain images were divided in small cube zones. The statistical distribution features
were extracted from the fMRI-cube zone and EEG. Extracted features were correlated.

Results: The zones with high correlation and anti correlation effect are highly
involved in neurobiofeedback training and leads to neuron-vessel interconnection for the
training. This zones can be wused as targets for simultaneous EEG-fMRI
neurobiobeedback to get the high efficient biofeedback level and high efficient training.

Acknowledgements: The work is supported by Russian Fond of Fundamental
Research, grant No14-04-00480
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Motivation and Aim: Currently next generation sequencing is rapidly shifting from
an expensive and dedicated basic research tool into a powerful technology capable of
revolutionizing the medical field. The single molecule sequencing strategy used by
SeqLL (USA) simplifies the DNA sample preparation process, avoids PCR-induced bias
and errors, simplifies data analysis and tolerates degraded samples. Here we present a
new algorithm for analyzing serial images from SegLL sequencing machines and for
basecalling — decoding the primary structures of sequenced oligonucleotide reads.

Methods and Algorithms: Initial image processing such as denoising and signal
amplification were performed with high pass filtering by applying custom deconvolution
matrix. Registration of images translation (relative to background) was performed by
cross-correlation maximization. To highlight the areas of interest and subsequent
extraction of oligonucleotide sequences we developed a method based on Jaccard
similarity coefficients of binary vectors corresponding to columns of pixels in a series
of aligned images. The algorithm was implemented with Python programming language
(v.2.7.10) using cv2 computer vision library (v.3.0.0) and NumPy package for scientific
computing (v. 1.9.2). Alignments of extracted oligonucleotide sequences with reference
synthetic control oligonucleotides were performed using either BLAST software or the
SeqLL package IndexDP.

Results and Conclusion: The developed program demonstrates consistent and
reproducible results that are in good agreement with both overall oligonucleotides
concentration and recovered oligonucleotide counts between the lanes (correlation
coefficients exceeded 0.9). In comparison with original image analysis/basecalling
software, the new program gives higher yield of sequenced oligonucleotides — the
sensitivity is about 30% higher. In terms of specific types of errors the new program calls
fewer insertions and substitutions compared to the previous algorithm, but it calls more
deletions. The average number of errors is 3% (3 per 100 bp).

Copyright: All presented results are property of SeqLL company (USA).
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At cellular scales, different types of molecules interactions in spatially complex
systems, and the fluctuation induced reactions require a fast and multi-scale process
simulation. In this talk we present a meshfree Monte Carlo algorithm which is based on
the first passage technique and simple event probability evaluations [1]. In many
conventional stochastic methods based on molecule trajectory modeling on meshes, the
molecules diffusing in solutions can not react with each other, nor can surface molecules
diffuse and react with themselves [2]. We introduce new type of stochastic methods
where the particles are not tracking on a mesh, but the desired events of reactions are
explicitly evaluated in a continuous space. We were able to describe in a general unified
scheme a volume and surface diffusion simulation. We stress the role of boundary
conditions in the correct stochastic simulation of mixed volume-surface reactions. This
is related to mixed Dirichlet-Neumann-Robin boundary conditions. Explicit transitions
of the Markov chain states are found for the case of semi-cylinders which enable to
simulate linear and non-linear diffusion in narrow channels. The method can be
considered as a generalization of the classical Random Walk on Spheres algorithm in
two directions: (1) the random walk lives on semi-cylinders, and (2) all possible
boundary conditions are permitted. In nonlinear diffusion problems, in addition to
reactants, the systems include trappings and obstacles. Some results of computer
simulation which include enzyme reactions and segregation phenomenon are presented.

Acknowledgements: Support of Russian Science Foundation under Grant N 14-11-
0083 is kindly acknowledged.
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Motivation and Aim: Physicians in their medicine practice have to make multiple
decisions related for a given patient. Computer systems can provide direct or indirect
assistance in making these decisions (Degoulet, Fieschi, 1997). Nowadays, there is a
need to implement medical decision support systems based on knowledge bases in the
daily practice of health workers. The aim of this work was to develop an intelligent
system that makes probability diagnostics by communicating with a user, on the basis of
described symptoms, risk factors and/or laboratory tests.

Methods and Algorithms: The automatic extraction of data from sources in the
world’s major specialized medical databases and the Internet.

Results: We have developed an intelligent system AlMedica for probability
diagnostics of diseases by communicating with a user, on the basis of described
symptoms, risk factors and/or laboratory tests based on the data from medical databases,
scientific publications and the Internet sources. AlMedica system database contains
1715 diseases and 13492 symptoms. AlMedica system has user friendly interface. It
provides user with reference data about medications, diets, medical procedures,
physiotherapy, and health supplements. Smart polling system used for probability
diagnostics asks the minimal essential and sufficient number of questions about the
current user’s health condition.

AlMedica is intended for use by medical institutions of various specialties, and could
be adapted for special medical requirements. Also the AlMedica database could be
expanded by hospitals internal data.

A statistical analysis of medical data available via Internet used for AlMedica
database creation showed that near 200 diseases cover 80% of all medical documents
mentioning diseases. This result was in consistent with the WHO World Health Statistics
(http://www.who.int/gho/en/).

Conclusion: An intelligent system AlMedica for disease diagnostics based on text-
mining analysis of scientific publications and different medical data sources was
developed.

Availability: http://aimedica.com/, http://aimedica.ru/
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Motivation and Aim: Plant hormone auxin is the most important regulator of plant
growth and development. Auxin maintains of meristems, involves in gravity response
and organogenesis. The influence of external factors and active substances on plant root
development is usually mediated through variations in auxin synthesis or transportation,
which subsequently affects auxin distribution pattern. With auxin regulating division,
growth and differentiation of cells in a dose-dependent manner, the variations in auxin
distribution would lead to morphological changes in plants. The problem is that auxin
distribution is still elusive as no direct methods exist to study cellular concentrations of
the low-molecule substance in a tissue. Mathematical modeling of the auxin
transportation and synthesis allows to predict auxin distribution in a tissue and the range
of auxin-dependent morphological changes. In order to study the influence of various
environmental factors on plant root development, we proposed an approach based on the
mathematical modeling of auxin distribution in the tissue.

Methods and Algorithms: Here we extended the mathematical model [1] to describe
in more details auxin synthesis and transportation. Rectangular cell layout MxN
corresponded to the root tip of Arabidopsis thaliana. Concentration changes of auxin
and four of its transporters (PIN1, PIN2, PIN3, PIN7) in every cell of cell layout were
described by ordinary differential equations. The model took into account synthesis and
degradation of all substances, auxin diffusion and active transport. Experimental data on
the changes of PINs expression in control and after salicylic acid (SA) treatments were
used to fit the model, as an example of the approach application (Pasternak et al.,
unpublished).

Results: The model was extended to describe the effects of SA treatments on
synthesis rates of PIN transporters. At the first step, the model parameters for control
were adjusted. At the second step, the model parameters for PINs expression were
adjusted to the experimental data. Auxin and PINs distribution were analysed in the
steady state solution. The model predicted auxin accumulation in the root tip tissues after
SA treatments. The sites of auxin accumulations coincide with the phenotypic changes
induced by the treatments.

Conclusion: Developed approach can be applied for studying the effects of various
environmental factors on the plant root growth.

Acknowledgements: The work was supported by RSF 14-14-00734. We thank Nadya
Omelyanchuk for valuable advice and Taras Pasternak for experimental data.
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Motivation and Aim: The practical application of theoretical mathematical models
helps us to unravel the underlying mechanisms involved in processes from mathematical
physics and biosciences. We consider nonlinear partial differential equations (either
stationary or evolutionary) that are applied to understand some important applications
related to phenomena such as: population dynamics, epidemic spread, the interaction of
cells, dead core phenomena, etc. We consider the several statements of inverse problems
for nonlinear PDE which arise in bioloay. The ill-posedness is investigated for the
reverse time problem for Burgers’ equation.

Methods and Algorithms: Inverse and ill-posed problems are reduced to the operator
equation. Due to the nonlinearity we apply aradient type methods for numerical solution.

Results: Numerical methods are proposed for the inverse problem for nonlinear PDE.
The numerical results are presented.

Conclusion: The investigation of existing and the development of new models
described by nonlinear PDE and methods of their numerical solutions are a very
important in mathematical modeling of biology.

Acknowledgements: The work was supported RFBR (projects No. 16-01-00755 and
14-01-00208) and the Ministry of Education and Science of the Russian Federation.
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Motivation and Aim: The most important task in genomics, transcriptomics, the
proteomics is to automate the processes of analysis and interpretation of primary
sequence of nucleotides, of amino acids related to the search for genes, exons, introns,
motifs, consensus sequences. It is necessary to create a qualitatively new representation
omics data [1].

Methods and Algorithms: To increase the level of automation of processes of analysis
and interpretation of data, need to move from interactive methods of working with data
on the Internet portals to automated methods based on local back-end databases and
knowledge bases. To do this, semi-structured omics data Internet portals were loaded
and converted into a relational data format, additionally coded, structured and indexed.
Thus, we went from a poorly structured line to highly structured data set, while ensuring
end-to-end forward and reverse flow of information from DNA nucleotides to the RNA
transcripts, and on to amino acid sequences, protein, enzymes, reactions, metabolites,
mutations, diseases.

Results: Developed bioinformatic expert system (ES) allowing to move from
traditional string representations omics data to indexed relational data arrays based on
database technology and knowledge. ES allows to fully automatically interpret many
omics sequences for multiple motifs, consensus sequences, promoters etc. ES through a
coded system of relations and links is a single information space integrated with world
portals that provides an update.

Conclusion: Bioinformatic expert system is the basis for the creation of diagnostic
systems and interpretation of omics data.

Availability: ES runs on a standalone server in the local network on the basis of
workstations in the terminal mode, with access if necessary to the global network.
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Motivation and Aim: The aim of work is creation of a new method for approximation
of linearly-expanded spatial objects and justification of its application for the solution of
problems of processing of results of measurements on individual trajectories of group.

Methods and Algorithms: We study recovery problems for nonlinear differential
equations which describe a complicated dynamical system by means of experimental
states of the system. Results of observations are described as approximation splines and
wavelets. Linearized equations of a system are used for a group of homogeneous
exponential objects. Sufficient conditions are given implying that this description is
correct. The right-hand sides of the differential equations under study are found as linear-
fractional functions which approximate derivatives of the above splines.

Results: One example is given to illustrate the estimation of the state, of the organism
of a one-year old child by counting T- and B-lymphocytes in blood. The other - for the
solution of problems of processing of results of laser scanning in road construction:
restoration of mathematical model of a surface of a roadbed and detection of cracks and
damages to the places demanding repair.

Conclusion: Generalization of a method of middle trajectories on the basis of
parametrical identification of the nonlinear differential equations of G. I. Marchuk to a
case of several basic trajectories is for the first time considered. In relation to the highway
it is admissible to use well distinguishable on the scanned image of a brow, borders and
other, linearly extended elements of the highway.

Availability: Still not.

Acknowledgements: Research is executed with financial support of the RFBR and the
Tomsk region within the scientific project 16-41-700400 “r_a”.
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Motivation and Aim: We consider a system of delay differential equations [1]
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This system describes the spread of avian influenza between birds migrating between
two territories. Here S, (t) and S, (t) are the numbers of healthy birds in summer and

winter territories, |, (t) and I, (t) are the numbers of infected birds in summer and

winter territories respectively. It is assumed that all the coefficients of the system are T
- periodic and nonnegative. In [1] it was obtained conditions on the coefficients of the
system under which there exists asymptotically stable periodic solution

(S, ©),S, (1), 1,,(),1,(1) == (S, (t),S, (t),0,0) corresponding to the healthy
population. Our aim is to obtain estimates of the rate of convergence of solutions to this
periodic solution.

Methods and Algorithms: We obtain estimates using a solution H (t) to the special

boundary  value  problem for  Lyapunov  differential  equation [2]
H'+HAt)+ A" (t)H =-1, t <[0,T], H(0)=H(T)>0. It is important to note
that this problem is well-conditioned and it does not require finding the spectrum of the
monodromy matrix [2].

Results: Our main results are estimates of solutions characterizing the rate of
convergence of solutions to the periodic solution.

Acknowledgements: The author is grateful to Professor G.V. Demidenko for the
attention to the research. The work was supported by RFBR, grant 15-01-00745.
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Motivation and Aim: Analysis of gene expression molecular mechanisms has a great
fundamental importance in various fields of science, particularly in medicine and
statistics. Currently, there is a rapid development of genomic and biological
technologies, which are leads to the accumulation of large experimental gene expression
data in publicly available databases (most popular and free is BioGPS [1], GEO NCBI).
Processing of such data requires development of new computer analysis methods, what
will allow solve problems of gene expression regulation integration transcription factors
binding and expression data [2]. The aim of this work is the creation of software for the
analysis and visualization of transcriptomic and microarray data, which will be easy to
use and multifunctional.

Methods and Algorithms: The Affymetrix GeneChip data on the human genome and
genomes of model organisms (mice and rats) were used as test data. We also used RNA-
seq data on gene expression levels obtained at ICG SB RAS. The program is written in
Python language using JSON modules, and also popular libraries for processing and
visualization text and numerical data (pandas, numpy, scipy, matplotlib).

Results: Software package ExpGene has been developed. It includes a set of options
to work with a large array of microarray data - preprocessing, statistical analysis of gene
expression correlations and visualization. This tool is also designed to work with gene
ontologies. It is versatile for any type of text databases (allows the user to pre-select
processed data). The program has a user-interaction interface (menu) and is easy to
handle even by an inexperienced user.

Conclusion: Using this program we performed a comparative analysis of different
samples of genes [1], such as genes from gene networks annotated in the ICG SB RAS
regulating cholesterol levels and circadian rhythm. Gene expression correlation matrices
for gene lists were reconstructed as basis for qualitative analysis of the gene network
studied.

Availability: Software is available from the author upon request.
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Motivation and Aim: SOPC determination is the main event in development of D.
melanogaster bristles. We describe one mathematical model of SOPC formation under
the control of CRC in order to perform numerical simulations of this process.

Methods and Algorithms: Modeling of CRC functioning and analysis of the
numerical results follows mathematical constructions presented in [1].

Results: We study phase portrait of 6-dimensional nonlinear dynamical system which
simulates two stages formation of SOPC. This process takes up to 16 hours [2]. In our
mathematical model this interval was split into two periods with different dynamics. The
first period takes 10 hours, and it is characterized by absence of the Phyllopod protein in
the CRC dynamics. Here, the AS-C proteins concentration grows with decreasing speed
due to feedbacks structure in the system. By the end of the first period, the system
approaches to its equilibrium state with maximal AS-C concentration. Appearance of
Phyllopod in CRC during the second period (10-16 hours) induces decreasing of AS-C
amount to almost zero values by the end of this period.
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Dynamics of the amount of proteins during two phases of SOPC determination.

Conclusion: The two-phases model is the fullest description of SOPC determination.
Results of our numerical experiments correspond to available biological data, see [2].
Acknowledgements: Budget project 0324-2015-0003 and RFBR, grant 15-01-00745.
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There is a vast variety of computational tools have been recently developed for
comparative genomics, including ones seeking for giant inexact DNA repeats. Earlier
the authors found huge tandem repeats [1, 2] using our own tools (SpectralRevisor,
SBARS), however they were semi-automated since the final verification needs a third-
side tool to globally align the potential sites, which is still a big problem for such a huge
fragments (>50K). Later one of the authors worked awhile on the project [3], it's a tool
seeking the potential off-target sites for a pair of user-defined TALENS, and there
formulates a new conception for computing: What if the server-side parallel processes
bring a whole bunch of potential sites directly to the user browsers, because the client-
side scripting today is strong enough to do all the rest — verifying sites and sorting out
the complete list of the in-silico prediction. So, finally, we decided to develop a new type
of grid systems when the server is the central node of a star network and its role is nothing
but to dispatch code/data and to do 'messaging' between the peripheral nodes (any user
navigated to the server's main page and voluntarily stays on-line while some task
computing on its internal JS-engine). As a formal model to test a new type of grid
computations, we choose the mentioned problem of our current interest — a pairwise
global alignment for giant DNA sequences. It allows us to use all the advantages of
'divide and conquer' design paradigm for Needleman-Wunsch algorithm, as was
indicated in [4] on a typical grid system. In our work, besides the technical methods, it
is shown that the global alignment memory complexity could be reduced from quadratic
to linear space. We explore the possibilities of using HTML5 technologies to run parallel
computations entirely on a set of browsers Now it means potential usage of any
computing device in the Internet, or even any CPU (when we're considering background
web workers). Whether it is a standard PC, or a laptop, or even a cellphone, they could
be used all in one for the same goal since all of them have modern browsers. Interesting,
the core idea of this like computations previously was coined to as a ‘reverse cloud
computing' [5], but actually this idea has a great advantage over both, clouds and grids,
because the same code can be run everywhere with no need for additional software
portability or installation. The desktop version of the tool is available at
http://mpyatkov.github.io/sbars, and all the on-line versions located at
http://spectral.psn.ru. This research was supported by RFBR grants 14-07-00924, 15-29-
07063.
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Motivation and Aim: Synchronous Boolean networks is a convenient model of gene
networks, control networks, and so on. Due to time-consuming step of logic rules
reconstruction only small-size networks have been considered yet.

Results: We present a software tool for building a synchronous Boolean model of
gene networks and for investigating its dynamical properties. The intelligent assistant
built-in in the software and based on inverse problem solving helps to find the Boolean
networks which have a given fixed point. It minimizes the undefined number of logic
table elements thus saving human efforts of network design. Simulating a perturbed
network relaxation allows to reveals the network pathways. We demonstrate our
software features on a number of stem cell differentiation networks and show how it can
be used for experiment design.
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APPROACH FOR A MOTIF DISCOVERY IN THE LARGE
DNA DATASETS
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Motivation and Aim: A motif discovery in ChIP-Seq datasets remains a challenging
issue. A low effectiveness of classic heuristic motif discovery approaches on a whole
ChIP-Seq datasets forces the researchers to take into analysis only a fraction of top
“peak” segments.

Methods and Algorithms: Argo CUDA web service is designed to process the
massive DNA data. This program for detection of degenerate oligonucleotide motifs of
fixed length is based on the full-exhaustive approach and uses high-performance GPU
technologies.

Results: We compared an effectiveness of Argo_ CUDA and Info-gibbs [1]. Info-
gibbs is a Gibbs sampling algorithm that compares well with existing heuristic methods
like MEME, BioProspector, Gibbs or GAME on both synthetic and biological data sets.
The sets of random sequences of 128bp in length and of 100, 1000, and 10000 sequences
in size were generated. The sample motifs of different degeneracy level were placed in
a 60 percent of the sequences. The similarity between a motifs obtained by the programs
and the sample motifs were measured with the average Kullback-Leiber distance (KLD).

a b
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The dependence of KLD (Y axis) and information content (IC) of the sample motifs (X axis) for
Argo_CUDA (a) and Info-gibbs (b). The picture demonstrates that the effectiveness of Argo_CUDA is
acceptable for all examined IC levels and sample sizes. It was shown (pic 1b) that Info-gibbs is effective
only for sets of few hundred sequences in size. The same results were obtained for the sets with 30% and
10% presence of the sample motifs (data not shown). The sets of ChIP-Seq segments corresponding to the
mouse TFBS were analyzed with Argo_CUDA. The significant motifs were revealed and classified.

Conclusion: An effective web service for motif discovery in ChlP-Seq datasets is
developed. It is not as fast as a classic heuristic approaches, but it considerably reduces
the restrictions on the size of the sample under analysis.

Availability: wwwmgs.bionet.nsc.ru/mgs/programs/Argo_CUDA.

Acknowledgements: The work was supported by the budget project 0324-2015-0003.
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Motivation and Aim: There are a lot of different software platforms for managing,
analyzing and reporting PK/PD data nowadays at the market. There are a lot of areas of
applications of such development. Most of them are intended for basic and clinical
research scientists and is designed to facilitate the discovery, exploration and application
of the underlying pharmacokinetic and pharmacodynamic properties of drugs. Some
applications are even developed for mobile devices. The IPE Pack software is developed
for modeling pharmacokinetic, immunology and epidemiology processes.

Methods and Algorithms: IPE Pack provide the possibility for: solving direct and
inverse problems for SODE, modeling PK processes, analyze the identifiability
properties of the model, modeling TB spread. IPE Pack is developed in C# platform. The
problem of the identifiability of mathematical models of physiology, pharmacokinetics
and epidemiology is considered in this report. The methods covered in this talk could
reduce the costs of conducting experiments on obtaining an experimental data. The
necessity of making a priory identifiability analysis before estimating parameters
characterizing any process is demonstrated on several examples. Different approaches
of estimating physiological parameters are covered in this talk. Numerical results of
inverse problem solving are presented in this report including the experiments with noisy
data.

Results: Special software for modeling pharmacokinetic, epidemiology and
immunology processes is presented in this report. PK model building process for specific
drug is shown in this talk.

Conclusion: IPE Pack software package could be useful for large amount of
specialists in different areas: mathematics, pharmacokinetics, epidemiology and
pharmacy. IPE Pack could be used for teaching basics of pharmacokinetic modeling
techniques and had already been used in the MA course in Novosibirsk State University.

Availability: upon request.

Acknowledgements: The reported study was supported by Russian Foundation for
Basic Research, research project No. 16-31-00382.
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Motivation and Aim: The aim of work is pharmacokinetic modeling and further data
fitting for real data provided by Scientific Center for Anti-Infectious Drugs.

Methods and Algorithms: Considering a pharmacokinetic model described by a
system of ordinary differential equations. Its form is determined by the compartment
modeling method and given data. Statements of direct and inverse problems were
considered.

The inverse problem is to estimate model parameters using additional data. This
problem reduces to an optimization problem of data fitting which is solved by
minimization of selected functional.

Results: The models that allow real data fitting are built. The results of numerical
solution using different approaches are presented. A matter of choice of initial parameter
approximation is considered.

Conclusion: Parameters estimation lets us know drug absorption rate and movement
rate between organs in each organism.

Acknowledgements: The reported study was supported by Russian Foundation for
Basic Research, research project No. 16-31-00382.
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Motivation and Aim: Unique ecosystems with specific environmental conditions is a
promising source for isolation of new actinobacteria strains. Lake Baikal is one of the
greatest examples of ecosystem with high species biodiversity and endemicity caused by
the long isolated evolution. The main aim is estimation of the Streptomyces sp. 1B2014
011-1 strain to produce natural compounds through draft genome sequence.

Methods and Algorithms: The Streptomyces sp. IB2014 011-1 strain was isolated
from Trichoptera sp. larvae collected from the bottom of Lake Baikal close to the
Listvyanka settlement. The raw sequencing data was obtained using lllumina HiSeq
2500 technology. High molecular mass DNA was extracted from Streptomyces sp.
IB2014 011-1. Manufacturer-recommended standard protocol was used to prepare two
paired-end libraries. After quality control, only the 2nd library was used for genome
assembly using SPAdes v3.7.A total of 3985 contigs were assembled, of them 84 longer
than 1kbp. Scaffolding was performed by SSPACE 2.1 Premium using both libraries,
and resulted in 49 scaffolds. Genome annotation was performed using prokka and
antiSMASH v.3, followed by manual GenBank pre-submission curation. 16S rRNA
delineation was performed using both ARB-SILV A database and NCBI’s non-redundant
database blast search. 16S rDNA sequences were multiple-aligned using MAFFT v7.222
(algorithm: auto, scoring matrix: 200PAM / k=2, gap open penalty 1.53, offset value
0.123). The phylogenetic consensus tree was built and formatted using Geneious 9.0.4
(Tamura-Nei model, NJ tree build method, S. avermitilis as an outgroup, 1000 bootstrap
replicates).

Results: The genome of Streptomyces sp. 1B2014 011-1 has a total length of about
8.1 Mbp, including a possible 100 kbp plasmid (scaffold STIB_19). The GC content, the
number of protein coding genes, tRNA and rRNA genes are in accordance with other
streptomycetes.

Conclusion: The chromosome of Streptomyces sp. IB2014 011-1 contains 31 putative
gene clusters involved in the biosynthesis of secondary metabolites (or 84 gene clusters,
if we also include ClusterFinder predictions)

Acknowledgements: This study was supported by the Ministry of education and
science of Russian Federation as a part of Goszadanie projects (Ne6.382.2014/K,
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00400), Russian foundation for basic research (projects N 14-04-00501), Grants of
Irkutsk State University for researchers and Deutscher Akademischer Austauschdienst.
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Motivation and Aim: Mathematical models in immunology are described by systems
of nonlinear ordinary differential equations. It is important to determine parameters of
these systems that characterize features of immunity and disease for constructing an
individual treatment plan. The purpose of this work is the construction and investigation
of the numerical algorithm for determining of coefficients in nonlinear system that
describes HIV dynamics with treatment [2, 3] using additional information about given
concentrations at fixed times.

Methods and Algorithms: The parameter identification problem (inverse problem) for
mathematical model of HIV dynamics (i.e. dynamics of infected and uninfected CD4 T-
lymphocytes, infected and uninfected macrophages, free virus, immune effectors (CD8
- cells)) with treatment using additional measurements of some concentrations in fixed
times is numerically investigated. In this paper two inverse problems are considered [1]:
firstly, the inverse problem for mathematical model without treatment and then optimal
control problem for identify effective treatment function. The first inverse problem is
reduced to minimization problem of least square function that describes the deviation
between model and measured data. Then the problem of optimal treatment control is
solved by minimizing another misfit function that characterizes combination of viral
load and treatment costs. The numerical algorithm for solving inverse problems is based
on stochastic approach (genetic algorithm).

Results: Individual parameters that characterize the human immune system have been
identified. The optimal treatment control for an individual patient has been received.

Conclusion: It is shown that optimal treatment plan is better determined if previously
individual parameters for patient are identified well. The results of the numerical
calculations are presented and discussed.

Availability: Using the results of this paper one can make an individual patient's
treatment plan. It will extend the duration of the patient's life.
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00189.
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Motivation and Aim: In the middle of the last century the northern fur seal became
the attractive object for population investigations. During 30-years period of existence
of the Interim Convention of Conservation of North Pacific Fur Seals a unique set of
data on the population dynamics of this species has been accumulated and it becames a
good base for estimating population parameters and developing various mathematical
models of population dynamics. In particular, the detailed model of fur seals dynamics
[1] and techniques of calculating its parameters were developed [1-3]. Significantly
increased data series by now allow us to verify the suitability of constructed model and
the techniques of calculating the intrapopulation parameters, taking into account possible
changes in intrapopulation and harvesting processes.

Methods and Algorithms: Mathematical modeling, numerical simulations and
multivariate statistical technique are used to estimate intrapopulation parameters and to
model population dynamics. Following data set is utilized: number of pups and bulls at
the rookery (for 1958 — 2013 years), the age composition of animals caught in coastal
harvest, as well as the age structure and physiological state of adult females form sea
samples (1958-1988).

Results & Conclusion: Harvest process in fur seal population changed, at that the
previously used method [2] for estimating the juvenile survival rate of males does not
properly work now. We developed a new method for estimating the juvenile survival
rate of males without any requirements to harvest process. Satisfactory estimates for all
characteristics of bulls’ lifecycle have been gained. It was revealed that structural change
in survivability of harem bulls occurred at the end of 80s. The model dynamics for
number of harem bulls consisting enough with the data (mean error of approximation
3.2%) has been obtained. A set of numerical simulations shows, that juvenile survival
rate of females had to increase too to be able to give an adequate dynamics of adult
females’ number.

Acknowledgements: The research is partially supported by RFBR (project 15-29-
02658).
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Motivation and Aim: Flow cytometry is a widespread single-cell measurement
technology with a multitude of clinical and research applications. In the past few years,
a number of methods and tools have emerged for processing flow cytometry high
dimensional data. However, these tools are coded in different programming languages
and work only on specific platforms. Users need certain skills to deal with tool
installation and numerous parameters. We are motivated to develop an easy-to-use web-
based application, named autoFCM, with friendly Ul and multi-user system.

Methods and Algorithms: Different methods such as k-means and t-SNE are
integrated into this tool to cover the shortage of each other. Users can make the optimal
analysis as need.

Results: After uploading flow cytometry data, users can simply click a few buttons
to achieve a result. Based on constant data accumulation and data training, the system
can automatically provide more accurate groups by supervised learning Kit.

Availability: The tool is available at http://bis.zju.edu.cn/autoFCM.
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HIGH-PERFORMANCE COMPUTATIONS SUPPORT
FOR THE HAPLOOID EVOLUTIONARY CONSTRUCTOR
3D SOFTWARE PACKAGE
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Motivation and Aim:Spatial factors are one of the main sources of biological
evolution. Spatial redistribution of species and populations is taking one of the first
places when we talk about evolution of microbial communities, because evolution
cannot happen without communication of species between each other and concurrency
for resources that are important for living.

There are a lot of software packages for computer modeling of microbial
communities that allow calculating models with spatial redistribution. Among them, the
HEC 3D [1] is the package allowing modeling communities of one of the most
complicated spatial and trophic structure. At the same time HEC 3D provides one of the
largest number of biological processes that are taken into account during modeling
(substrates consumption and secretion, metabolism, mutations, horizontal transfer and
loss of genes, phage infection etc. [1]). All these factors (such as large amount of cells
and many complex inner processes to be calculated) make HEC 3D calculations too
heavy (in comparison with other software packages). It leads to the fact that some models
with complex structure and sophisticated spatial hierarchy are calculated for several
days.

In this study, we have developed several high-performance versions for HEC.
Parallelization efficiency was obtained up to 180% while acceleration was obtained up
to 60 times.

Methods and Algorithms: Parallelization was implemented using MPI for computer
clusters and SMP-machine usage and QTConcurrent technologies for desktop usage.

Results:

HEC was optimized using MPI and QTConcurrent technologies.

The speed of the original program was increased up to 2.8 times using QtConcurrent
on desktop machine with the following specification: AMD PhenomTM |1 X6 1055T (6
cores), 2.8 Ghz, 12Gb RAM.

The speed of the original program was increased up to 60 times with 140% of parallel
efficiency (testing simple models) and up to 40 times with 80% efficient (testing
complex models) using MPI version.

The time of calculations was decreased from several days to several hours.

Analysis of parallelization efficiency showed that in case of 1D model calculations it
was reached up to 180% (complex model) and up to 140% (simple model); in case of
2D model calculations it was reached up to 145% (complex model) and up to 60%
(simple model); in case of 3D model calculations it was reached up to 50% (simple
model) and up to 120% (complex model).

Analysis of data match was held and it showed that the output data of sequential and
parallel versions are equal.

Conclusion: The optimized versions of the HEC 3D allow users to reduce the time of
calculations in comparison with the original program.
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ALTORFEV: ANOVEL TOOL FOR PREDCITION
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Motivation and Aim: The ribo-seq and proteomics techniques have revealed a large
number of alternative ORFs (altORFs) within eukaryotic mMRNAs. Some bioinformatics
resources were developed to explore the available ribo-seq data to locate altORFs within
MRNAs of interest (e.g., Ribotools, RiboGalaxy, GWIPS-viz). Indeed, knowledge on
the full set of polypeptides encoded by a eukaryotic gene under study is essential for
detailed investigation of its functions. However, published ribo-seq data are still very
limited and conventional nucleotide sequence databanks do not provide information on
the altORFs. In addition, the individual genetic variants may cause changes in mMRNA
coding potential: if a nucleotide sequence of mMRNA under study is non-identical to the
available ribo-seq-checked reference sequence, the positions of altORF(s) and their
relative translation rates may differ. Thus, development of new tools for altORFs
prediction remains quite actual. However, an accurate prediction of altORFs is very
complicated because of a large number of various parameters influencing their
recognition and translation efficiency.

Methods and Algorithms: The altORFev is based on the linear scanning model of
translation [1]. It also considers the leaky scanning and reinitiation mechanisms. In brief,
40S ribosomal subunits bind to 5’-end of mMRNA and move linearly along mRNA until
start AUG codon is found. The probability of AUG recognition depends on its nucleotide
context: start codon in the optimal context is recognized by the majority of 40S
ribosomal subunits. Thus, if AUG codon is located in the optimal context and its ORF is
larger than 30 codons, this ORF is defined as “terminal” since the majority of incoming
40S ribosomal subunits can’t move beyond it. I[f AUG codon is located in a suboptimal
context, some 40S ribosomal subunits will recognize it and initiate translation, whereas
others skip it and may initiate translation downstream (leaky scanning). Finally, if AUG
is located in the optimal context but the ORF size is small (lesser than 30 codons), the
reinitiation is possible: in this case, some 40S ribosomal subunits after termination of
translation of small ORF remain connected to mMRNA and may continue movement in
3’-direction. During scanning they restore their initiation competence by acquiring the
lacked elFs and met-tRNAIi and may initiate translation further downstream.

Results: We have implemented two versions of the altORFev: (1) web application
(Java 1.8, Vaadin); (2) desktop application (Java 1.8, Swing).

Conclusion: The altORFev may be used to get additional information on eukaryotic
genes taking into consideration alternative coding abilities of their mMRNAs.

Availability: web-version: http://www-bionet.sscc.ru:7780/AUGWeb/, desktop
version: upon the requests to the authors.

Acknowledgements: The study is supported by the RSF 14-24-00123 grant.
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