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UDC 577.29
Anna Yu. Pyrkova, Anatoly T. Ivashchenko, Olga A. Berillo

DEVELOPMENT AND IMPLEMENTATION OF PARALLELIZATION
ALGORITHM FOR PREDICTION OF MIRNA BINDING SITES IN MRNA.
MIRTARGET PROGRAM

(Al-Farabi Kazakh National University)

Abstract: Today in the human genome of the person more than 2500 miRNA are known, it is
necessary for each miRNA to find target genes among 30 thousands genes of the human. Large amount
of calculations demands creation of the program, allowing processing these huge data files. In presented
article the solution of the problem of gene scanning for the purpose of prediction of sites of binding of
miRNA with matrix RNA (mRNA) is proposed. During the conducted research by authors the following
results were received:

- the mathematical model of optimum process of scanning of genes and miRNA sequences is
constructed;

- the constructed algorithm of scanning of genes with miRNA is parallelized on the cluster
platform with use of MPJ tools (Java MPI);

- the developed program was used for performing researches by search of sites of binding of
miRNA from matrix RNA (mRNA).

Keywords: miRNA and mRNA, mathematical model, algorithm, Java MPI, the cluster platform,
the parallelized algorithm, scanning, complementarity.

Scanning genes [1], [2] is a process of consecutive comparison of sites of a gene with
miRNA with possibility of adding one gap in miRNA in positions with the 3rd on n-2-th, where
by n — nucleotide number (length) of miRNA. Thus there is an assessment all of possible
comparisons on one site of mMRNA with miRNA which is defined according to the value of free
energy of compared sequences. It is considered the best that option which is closer (in a
percentage ratio) on free energy for coincidence of miRNA and a gene site on the basis of a
complementarity. Scanning of a genome allows to reveal hundreds possible targets for therapy
of various diseases. Such scanning is important because knowledge the interacting genes will
allow to define that, for what this or that protein and, respectively, what intracellular processes
answers are broken at this disease.

The mathematical model of a problem of scanning genes can be formulated in the
following view:

Let {u,}, I=L,N — a set of nucleotide or amino-acid sequences miRNA, N — amount of

sequences miRNA, and {v,}, g=1LM — a set of sequences of genes mRNA, M — amount of

sequences mRNA, then (u,,v,, Number, Position,Where, Energy, Score, Length) __ —scanning genes,

1=LN,g=
where Number — order number, Position — a position of u, in v, Where —an element from a set
{5'UTR,CDS,3UTRY}, defining site arrangement area u, in v,, Energy — value of free energy on the
basis of a complementarity, Score — value of AG/AG,, Length — length of u, .

Algorithm of the program of scanning genes on the cluster
1 step. Verification of attributes in a command line.

mpjrun.bat -np number of parallel processes /path/to/Base
minimal percentage of convergence directory with genes
directory with miRNAs file name of result mres

file name of result xls
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For example, mpjrun.bat -np 10 Base 80 gene mir ResultsFull
ResultsBrief

2 step. The main process (MASTER) invokes the function which forms the geneName
array of the files containing genes.

1::%:}
s i et /

Khm :
< >

Fig. 1. Flowchart of the scanning program (parallel algorithm).

3 step. The main process (MASTER) invokes the function which forms two arrays for
miRNAs:

1) miRNAName array of the miRNA names;

2) miRNA array of miRNA sequences. Thus there is a check of the format of the file with
miRNA.

»let-Ta-2-3p MIRLET7AZ-ex-cod 11
CUGUACAGCCUCCUAGCTTUCC

Fig. 2. File structure with miRNA (.mir).

4 step. The main and parallel processes create files with the names
args[6] <task_id>.mres and args[7]<task_id>.xls for saving result.

5 step. The main process (MASTER) divides genes between parallel processes and
dispatches a certain part of the geneName and the miRNAName and miRNA arrays. The main
process also receives part of genes for scanning.

6 step. Processes read out consistently genes from files of the geneName array and check
the file format with gene.
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Fig. 3. Flowchart of procedure of scanning mRNAs.

7 step. Processes scan their genes consistently with miRNA, allowing one gap in miRNA
in positions from the 3rd to the n-2-th where by n — nucleotide number (length) of miRNA, and
choosing that option which is closer (in a percentage ratio) on free energy for coincidence of
miRNA and a gene site on the basis of a complementarity.
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Fig. 4. Load of the cluster (For the datab-ase containing‘ 13016 genes and 100 fniRNAs operating time
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is 2 hours 15 minutes 19 seconds).

8 step. Processes form the args[6] <task id>.mres and args[7]<task id>.xls files and
after completion of processing of their part of genes send messages about completion to the
main process.

9 step. The main process (MASTER) receives messages from parallel processes, copies
information from the corresponding args[6] <task id>.mres and args[7]<task_id>.xls files in
the args[6].mres and args[7]xls files, and deletes the args[6]<task id>.mres and
args[7]<task_id>.xls files.

Fig. 5. Result of scannim_':j}géneé bn the cluster (the amount of the processed sequences makes
13016 mRNA and 100 miRNA). Speed of work of the algorithm parallelized on 18 nodes is
66.5 times higher than the speed of work of serial algorithm.

Comparative analysis of linear and parallel algorithms of scanning genes

Table 1. Scanning genes (time is specified in seconds), total of genes- 13016.

Duration of processing | Duration of processing | Duration of processing
100 wRMA and 1000|1000 wBNA and 100 10000 pFNA and 100
miBN & (average length | miRN& (sverage length | wdRNA (average length
=41y =213 -21)

Lingar 3 54 532

algnrithra

Parallelized

algorithm 1 25 &9
{dual-core

processor)

Parallelized

algorithn (2 1 k] g
cluster platform

of 15 nodes)

Conclusion

The MirTarget program has advantages which are not present in known programs of
predicting of binding sites of miRNA with mRNA. In literature there are many data about the
value of free energy of hydrogen bond between nucleotides in water solution [3]. However there
is a wide spacing of value of free energy of this bond and it is difficult to give preference to
certain data [4], [5]. It is important to know the relative relations of free energy of hydrogen
bond between nucleotides as they are necessary at formation of RNA of secondary and tertiary
structures. The analysis of free energy of the hydrogen bond arising between nucleotides at
intramolecular interaction of mRNA at formation of its secondary structure showed that
between nucleotides of G-C 1s formed three, between A-U — two and between G-U and A-S —
on one hydrogen bond. The relation of free energy of hydrogen bond in G-C and A-U pairs
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approximately corresponds to the relation of forces of their interaction 3:2 (0.188 nNewton and
0.125 nNewton) [6]. The value of free energy of one hydrogen bond between nucleotides
changes in the range from -0.7 to -1.6 kcal/mol [7]. In the MirTarget program free energy of
interaction of nucleotides due to hydrogen communications was considered as equal to 6.368
kJ/mol and 4.246 kJ/mol for G-C and A-U pairs, and 2.123 kJ/mol for G-U and A-S pairs,
respectively.

The distance between nucleotides G-C and A-U pairs makes 1.03 nm, between
nucleotides G-U pair it is equal 1.02 nm and between nucleotides A-S pair equally 1.04 nm [8].
Therefore, formation of hydrogen bonds between these couples of nucleotides allows two-
chained structure of mRNA to have a spiral form similar to DNA regular structure. Such
structure of mRNA except hydrogen bonds is stabilized by stacking-interactions between the
nitrogenous bases [9]. Between nucleotides of couples purine-purine and pyrimidine-
pyrimidine distances significantly differ from 1.03 nanometers: distances of A-A, G-A and G-
G are equal to 1.23 nm, 1.25 nm and 1.25 nm, respectively. In couples of pyrimidine-pyrimidine
distances between nucleotides too significantly differ from 1,03 nanometers: distances of C-C,
U-U and U-C are equal to 0.85 nm, 0.81 nm and 1.18 nm, respectively. Therefore, in such
couples hydrogen bonds are not formed, and these couples will break regular structure of two-
chained miRNA with mRNA reducing stability of the RISC complex (RNA-induced silencing
complex). Therefore, in the program such couples of hydrogen bonds were not considered.

At alignment of the nucleotide sequences of miRNA with mRNA we assume existence
of only one admission on miRNA (lack of complementary couple of hydrogen bond) that allows
considering binding sites of mMRNA longer miRNA on one nucleotide. In this case the regular
structure of a spiral is broken and there is its bulg. Free energy of binding miRNA with mMRNA
of such structure is less, than in alternative case. The program determines free energy of
hybridization (AG, 100 kJ/mole) of miRNA with mRNA and the scheme of their interactions,
calculation of the relations AG/AGm, levels of reliability (p) and the mRNA areas, where the
site (5'UTR, CDS or 3'UTR), since the first nucleotide 5'UTR, is located. AGm is equal to free
energy of binding miRNA with completely complementary to it a site of nucleotide sequence
of miRNA. Level of reliability (p) was defined on the basis of value AG and its standard
deviation. The program outputs the scheme of interaction of miRNA with mRNA, a site position
in 5’'UTR, CDS or 3'UTR, free energy of interaction of miRNA with mRNA, and its relative
value from the maximum energy of binding miRNA. In the program the threshold value of this
relation is set, this value allows not considering sites with weak free energy of binding.
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Anoamna. Ocvl yakeimma adam eeHomwinoa 2500 apmoeix miRNA 6enzini, 30 mwviy adam
2EHOMBIHBIY apacvlHaH apoip miRNA ywin neicana eenin maby xaxcem. EcenmeynepOiy yaxken kenemi,
AYKbIMObL OepeKmep MACCUsin ojoey2e pyKcam ememin npocpamma Kypyovt manan emeoi. ¥cvlnwviizan
maxanadoa PHK (mRNA) mampuyaceimen miRNA baiinanvicoin 2endepdi ckanepiey ecebiniy wewimi
canummapovl O0HCAY MAKCAMbIMEH YCbIHbLIRAH. JKymblc Oapvicbinoa ocypeisineer 3epmmeynep
Hamudicecinoe asmopiap memenoezioell Homudicenepee Ko HCeKizoi:

- miRNA mizbezi men eendepin ckanepney npoyecci Ke3iHoe mMuimoi Mamemamuxaibik niuin
KYpPbli0bl,

- MPJ (Java MPI) kypanoapvin Koi0any apKulivl Kiacmepii niam@opmaca napaiieioeHeeH
miRNA eendepin ckanepiey aneopummi KYpoli2am,

- kypoiizan npoepamma PHK (mRNA) mampuyacer miRNA 6atinansic catimmapuli 3epmmey
JdACYpeizy Yuin i30ey Kezinoe KONOAHbLIZAH.

Tyiiin ce30ep: miRNA sicone mRNA, mamemamuxaneix niwin, aneopumm, Java MPI, kiacmeprni
niamgopma, napaiieioeHzet dieopumm, CKanepiey, KOMNieMeHmapivlx.

Annomauus: B nacmoswyee epems 6 eenome uenosexa ussecmuo 6onee 2500 miRNA,
HeoOxo0umo 0a Kadxcoou miRNA uatimu eenvr muwenu cpedu 30 moicau eeHog uenogexa. bonvuioi
00béM 8blHUCIeHUL mMpedyem CO30aHUs NpocpamMmbl, NO3GoNAOUel 0Opabamvléams 3mMu 02POMHbLE
Mmaccusvl OanHwvix. B npedcmasnennol cmamove npednodiceno peuienue 3a0adu CKAaHUPOBAHUSL 2eHO8 C
yenvio npedckazanusi caumos cessvieanusi miRNA ¢ mampuunot PHK (mRNA). B xo0e npogedénnozo
uccnedosanus agmopamu ObLIU NOIYYEeHbl CLe0VIouUe pe3yIbmanmyl.

* NOCMpOeHa MamemMamuyecKkas Mooelb ONMUMATbHO20 NPOYEccd CKAHUPOBAHUS 2eHO8 U
nocneoosamenvrocmeu miRNA;

* NOCMPOEHHDBII ANICOPUMM CKAHUPOBAHUsSL 2eH08 ¢ MIRNA pacnapannenen Ha KiacmepHoll
naameopme c ucnonvzosanuem cpedcme MPJ (Java MPI);

* pazpaboOmManuas npoSpamMma Ovlia UCNOTLIOBAHA 015l NPOBEOEHUSL UCCIeO0B8AHUL NPU NOUCKE
caiimos ceaszvieanus miRNA ¢ mampuunoit PHK (mRNA).

Kntoueevie cnosa: miRNA u mRNA, mamemamuueckas mooens, ancopumm, Java MPI,
KAacmepHas naamgopma, pacnapaiieleHHblil ai20pumm, CKAHUpo8anue, KOMNieMeHmapHOCmy.

00X 37.014.6:004.414.23(574)
A.E. CarpiM0aeBa, O.E. ’KakcbhLIbIKOB

BLIIM/II BAKBLJIAYJIbI KOMIBIOTEPIIK KOMJIEHTEMJII
AKIAPATTBIK MOJIEJb HETT3IHJE ICKE ACBIPYIBIH KAKETTLIITT

(Anmartsr K, AGaii aThiHIarbl Ka3ak YITTBIK MearorukaiblK YHHBEPCUTETI)

AHnoamna. Maxanaoa 6inimoi 6axbiiayoa KoMNbIOMeEPIiK mecminey dHcyuecin Koa0amyoblH
MYMKIHOIKmepi Kapacmoipvlizan. betiivoencen mecmineyoiy xonmeeen HYCKALApbl CUNAMMANEAH.
Axnapammul MoOeib YebiMblHA aHbIKMama Oepinin, OHbly OinimOi 6axbliaydassl KOLOAHLLIYbL
Heziz0enzen. bBinimoi Oakwviiayovly Kenoeyeelni axnapammolk MOOENIHIH KOMHbIOMEPIiK MOOeiH
alcacay Kajxcemminici aHblKMaieaH.

Tyiiin co30ep: Oaxviniay, Oetiimoenzen Oaxviiay, Oeneell, MOOeib, KONOeH2ellli aKnapammaol
MOOeb, KOMNBIOMEPIIK MOOeb
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