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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 mRNA 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  
l

u , Nl ,1  – a set of nucleotide or amino-acid sequences miRNA , N  – amount of 

sequences miRNA , and  
g

v , Mg ,1  – a set of sequences of genes mRNA , M  – amount of 

sequences mRNA , then 
MgNl

gl
LengthScoreEnergyWherePositionNumbervu

,1,,1
,,,,,,,


 – scanning genes, 

where Number  – order number, Position  – a position of 
l

u  in 
g

v , Where  – an element from a set 

 UTRCDSUTR '3,,'5 , defining site arrangement area 
l

u  in 
g

v , Energy  – value of free energy on the 

basis of a complementarity, Score  – value of 
m

GG  / , Length  – length of 
l

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. 

 

 
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. 

 

 
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. 

 

 
Fig. 4. Load of the cluster (For the database containing 13016 genes and 100 miRNAs 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 scanning genes on 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. 

 
 

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 is 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 mRNA 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 mRNA 

of such structure is less, than in alternative case. The program determines free energy of 

hybridization (∆G, 100 kJ/mole) of miRNA with mRNA and the scheme of their interactions, 

calculation of the relations ΔG/ΔGm, 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. ΔGm 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 ΔG 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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Аңдатпа. Осы уақытта адам геномында 2500 артық miRNA белгiлi, 30 мың адам 

геномының арасынан әрбiр miRNA үшiн нысана генiн табу қажет. Есептеулердiң үлкен көлемi, 

ауқымды деректер массивiн өңдеуге рұқсат ететiн программа құруды талап етедi. Ұсынылған 

мақалада РНК (mRNA) матрицасымен miRNA байланысын гендердi сканерлеу есебiнiң шешiмi 

сайттарды болжау мақсатымен ұсынылған. Жұмыс барысында жүргiзiлген зерттеулер 

нәтижесiнде авторлар төмендегiдей нәтижелерге қол жекiздi: 

- miRNA тiзбегi мен гендерiн сканерлеу процессi кезiнде тиiмдi математикалық пiшiн 

құрылды; 

- MPJ (Java MPI) құралдарын қолдану арқылы кластерлi платформада параллелденген 

miRNA гендерiн сканерлеу алгоритмi құрылған; 

- құрылған программа РНК (mRNA) матрицасы miRNA байланыс сайттарын зерттеу 

жүргiзу үшiн iздеу кезiнде қолданылған. 

Түйiн сөздер: miRNA және mRNA, математикалық пiшiн, алгоритм, Java MPI, кластерлi 

платформа, параллелденген алгоритм, сканерлеу, комплементарлық. 

 

Аннотация: В настоящее время в геноме человека известно более 2500 miRNA, 

необходимо для каждой miRNA найти гены мишени среди 30 тысяч генов человека. Большой 

объём вычислений требует создания программы, позволяющей обрабатывать эти огромные 

массивы данных. В представленной статье предложено решение задачи сканирования генов с 

целью предсказания сайтов связывания miRNA с матричной РНК (mRNA). В ходе проведённого 

исследования авторами были получены следующие результаты: 

• построена математическая модель оптимального процесса сканирования генов и 

последовательностей miRNA; 

• построенный алгоритм сканирования генов с miRNA распараллелен на кластерной 

платформе с использованием средств MPJ (Java MPI); 

• разработанная программа была использована для проведения исследований при поиске 

сайтов связывания miRNA с матричной РНК (mRNA). 

Ключевые слова: miRNA и mRNA, математическая модель, алгоритм, Java MPI, 

кластерная платформа, распараллеленный алгоритм, сканирование, комплементарность. 
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Аңдатпа. Мақалада білімді бақылауда компьютерлік тестілеу жүйесін қолданудың 

мүмкіндіктері қарастырылған. Бейімделген тестілеудің көптеген нұсқалары сипатталған. 

Ақпараттық модель ұғымына анықтама беріліп, оның білімді бақылаудағы қолданылуы 

негізделген. Білімді бақылаудың көпдеңгейлі ақпараттық моделінің компьютерлік моделін 

жасау қажеттілігі анықталған.  

Түйін сөздер: бақылау, бейімделген бақылау, деңгей, модель, көпдеңгейлі ақпараттық 

модель, компьютерлік модель 

 


