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ХАРАКТЕРИСТИКИ САЙТОВ СВЯЗЫВАНИЯ miRNA В mRNA ГЕНОВ ТРАНСКРИПЦИОННЫХ  

ФАКТОРОВ ERF РАСТЕНИЙ 
 

Аннотация: Семейство транскрипционных факторов ответа на этилен (ERF) играют ключевую роль в реак-
ции растений на различные виды биотического и абиотического стресса. В работе с помощью биоинформатических 
подходов представлены характеристики взаимодействия miRNA с mRNA генов семейства ERF риса, пшеницы и куку-
рузы. Сайты связывания miRNA были расположены в 5'UTR, CDS и 3'UTR. Результаты работы показали, что экс-
прессия генов ERF может контролироваться сайтами связывания miRNA с mRNA. 

Ключевые слова: miRNA, mRNA, ген, транскрипционный фактор, растение. 
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THE CHARACTERISTICS OF miRNA BINDING SITES WITH mRNA OF ETHYLENE  

RESPONSE TRANSCRIPTION FACTORS OF PLANTS 
 

Annotation: The Ethylene Response transcription factor families (ERF) play a key role in responses to various types of 
biotic and abiotic stress. The study presents the characteristics of miRNA interaction with mRNAs of ERF genes of rice, wheat 
and corn, using bioinformatic approaches. Plant miRNA binding sites were located in 5'UTR, CDS and 3'UTR. The results of 
the work revealed that expression of ERF genes could be controlled by miRNA binding sites to their mRNA.  

Key words: miRNA, mRNA, gene, transcription factor, plant. 
 

Introduction: miRNAs involved in the regulation of gene expression of plant development, cellular metabolism, and 
response of organisms to biotic and abiotic stress [1]. Previous studies have shown that most miRNAs regulate cellular system 
by controlling transcription factors, which have huge importance in regulating growth and development in plants [2; 3; 4]. In 
the present study, we focused on interaction of miRNAs with mRNAs of the ERF genes in Oryza sativa, Triticum aestivum and 
Zea mays. The ERF is one of the largest families encode transcriptional regulators with functions involved in the different phy-
siological processes of plants [5]. The ERF includes about 150 proteins that are involved in the regulation of flowers and seeds 
development as well as in transmitting ethylene signal [6]. 

Materials and methods: The nucleotide sequences of O. sativa, T. aestivum and Z. mays genes of the ERF were bor-
rowed from Plant Transcription Factor Database v4.0 (http://planttfdb.cbi.pku.edu.cn/index.php). The nucleotide sequences of 
miRNAs were taken from miRBase v.22 (http://www.mirbase.org/). The miRNAs binding sites in mRNA of several genes 
were predicted using the MirTarget program [7]. This program defines the following features of miRNA binding to mRNA: a) 
the start of the initiation of miRNA binding to mRNAs from the first nucleotide of the mRNAs; b) the localization of miRNA 
binding sites in 5'UTR, CDS and 3'UTR of the mRNAs; c) the free energy of interaction miRNA and the mRNA (∆G, 
kJ/mole); d) the schemes of nucleotide interactions between miRNAs and mRNAs.  

Results and discussion: The quantitative characteristics of 738 osa-miRNAs binding to mRNAs of 138 ERF genes of 
the O. sativa were established. Only 53 genes were targets for 49 miRNAs (Table 1). For miR2102-5p there were 19 genes 
with ΔG/ΔGm value ranging from 88% to 93%. miR5075-3p interacted with mRNA of 12 genes with ΔG/ΔGm value of 88% 
to 91%. Four target genes were associated with miR5819-5p. miR2102-3p, miR5809-3p, miR5809-3p could bind with mRNA 
of three genes. miR11339-5p, miR1427-3p, miR1848-5p, miR2925-5p, miR2927-5p, miR529a-3p, miR6249a,b-5p had two 
target genes with ΔG/ΔGm value ranging from 88% to 91%. Two binding sites in the mRNA of the LOC_Os07g38750.1, 
LOC_Os06g11860.1, LOC_Os04g55520.1, LOC_Os04g32790.1 genes, were identified for miR2102-5p, the distance between 
the beginnings of these binding sites was 520 nt, 6 nt, 75 nt and 155 nt, respectively. miR2919 also had two binding sites in the 
mRNA of the LOC_Os02g09650.1, LOC_Os01g12440.1 genes, the distance between the beginnings was 25 nt and 125 nt. 
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miRNA that has several binding sites, may have an increased effect on target gene expression. The rest 27 miRNAs 
(miR11339-3p, miR11343-3p, miR1423-3p, miR169r-3p, miR169r-5p, miR1846d-3p, miR1846e-5p, miR1858a,b-5p, 
miR2103-5p, miR2275c-5p, miR2926-5p, miR396c-5p, miR3979-5p, miR414-5p, miR415-5p, miR439a,b,c,d,e,f,g,h,i-3p, 
miR5074-5p, miR5152-3p, miR531b-5p, miR5504-3p, miR5529-3p, miR5531-5p, miR5534a,b-5p, miR5821-5p, miR812q-
3p) had only one target genes, with ΔG/ΔGm value of 88% to 96%. It should be noted that all members of 
miR439a,b,c,d,e,f,g,h,i-3p family had binding sites in mRNA of LOC_Os02g13710.1 gene due to the homology of their nuc-
leotide sequences. The miRNA binding sites in the mRNA of the ERF genes of O. sativa were located in 5'UTR, CDS and 
3'UTR and the great number of miRNAs binding sites were detected in CDS. 
Table 1 – Characteristics of miRNA binding sites in mRNA of ER transcription factor genes of O. sativa 

Gene miRNA 
Start of 
site, nt Region 

ΔG, 
kJ/mole 

ΔG/ΔGm, 
% Length, nt 

LOC_Os02g54050.1 miR11343-3p 304 5'UTR -100 96 21 
LOC_Os04g32790.1 miR2102-5p 810 CDS -113 93 20 
LOC_Os06g36000.1 miR2102-5p 689 CDS -113 93 20 
LOC_Os07g38750.1 miR2102-5p 497 CDS -113 93 20 
LOC_Os07g03250.1 miR2102-3p 465 CDS -117 92 22 
LOC_Os06g42990.1 miR3979-5p 214 CDS -100 92 20 
LOC_Os01g54890.1 miR1846e-5p 284 CDS -104 91 20 
LOC_Os02g38090.1 miR2102-5p 689 CDS -110 91 20 
LOC_Os04g32790.1 miR2102-5p 965 CDS -110 91 20 
LOC_Os02g09650.1 miR2275c-5p 4986 3'UTR -104 91 23 
LOC_Os06g08340.1 miR2925-5p 206 CDS -102 91 19 
LOC_Os04g32790.1 miR5075-3p 340 CDS -113 91 21 
LOC_Os05g37640.1 miR531b-5p 620 CDS -110 91 20 
LOC_Os04g56150.1 miR5504-3p 188 5'UTR -106 91 21 
LOC_Os05g28350.1 miR5819-5p 404 CDS -113 91 21 
LOC_Os05g34730.1 miR11339-5p 1590 3'UTR -98 90 21 
LOC_Os12g41060.1 miR1427-3p 370 CDS -110 90 21 
LOC_Os01g12440.1 miR2919 208 5'UTR -98 90 19 
LOC_Os04g46440.1 miR415-5p 901 3'UTR -100 90 21 
LOC_Os01g64790.1 miR5075-3p 91 CDS -110 90 21 
LOC_Os02g52670.1 miR5075-3p 739 CDS -110 90 21 
LOC_Os03g08490.1 miR5075-3p 355 CDS -110 90 21 
LOC_Os04g34970.1 miR5075-3p 145 CDS -110 90 21 
LOC_Os04g46400.1 miR5075-3p 358 CDS -110 90 21 
LOC_Os07g47330.1 miR5534a,b-5p 736 CDS -100 90 21 
LOC_Os09g11460.1 miR5819-5p 142 CDS -110 90 21 

 
Interaction schemes of miRNA and mRNA LOC_Os02g54050.1, LOC_Os04g46440.1 genes (Figure 1) clearly show 

the formation hydrogen bonds of nucleotides. The nucleotide sequences of miR11339-3p, miR11339-5p, miR11343-3p, 
miR415-5p interacted with the entire length with the mRNA. Special feature of MirTarget program is the nucleotide interac-
tion in miRNA with mRNA of target genes between non-canonical pairs of adenine (A) and cytosine (C), guanine (G) and ura-
cil (U) via single hydrogen bond. Due to the participation of all nucleotides in the formation of hydrogen bonds between miR-
NA and mRNA, the spiral structure is preserved due to the stacking interactions of all nucleotides.  

Figure 1 – Schemes of osa-miRNA interaction with mRNAs of ERF genes in O. sativa 
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The binding of 125 miRNAs to mRNAs of 169 ERF genes of T. aestivum was studied. It was found that only five genes 
were targets for miRNAs (Table 2). The mRNAs were bound with miR7757-5p, miR9677b-5p, miR9778-5p, miR5200-3p125, 
with ΔG/ΔGm value from 88% to 92%. miR9778-5p had targets in Traes_1AL_08BAD7CD3.1, Traes_1BL_09D8BE2C9.1 
genes with ΔG/ΔGm equal to 89%. The identified miRNA binding sites were located in CDS. 

The study of the binding of 325 miRNA to mRNA of 186 genes of the ERF Z. mays found that only 18 genes were tar-
gets for 40 miRNAs with ΔG/ΔGm from 88% to 91%. 27 miRNA binding sites were located in CDS, 13 in 5'UTR. All miR-
NAs had only one or two target genes. 
Table 2 – Characteristics of miRNA binding sites in mRNA of ERF genes of T. aestivum and Z. mays. 

Gene miRNA 
Start of 
site, nt Region 

ΔG, 
kJ/mole 

ΔG/ΔGm, 
% 

Length, 
nt 

Triticum aestivum 
Traes_5BL_7F0FD1538.2 miR7757-5p 2096 CDS -102 92 22 

Traes_2BL_FC0F8A3DC.1 miR9677b-5p 304 CDS -110 90 21 
Traes_1AL_08BAD7CD3.1 miR9778-5p 435 CDS -100 89 21 
Traes_1BL_09D8BE2C9.1 miR9778-5p 435 CDS -100 89 21 
Traes_5BL_7F0FD1538.2 miR5200-3p 3396 CDS -96 88 21 

Zea mays 
GRMZM2G474326_P01 miR160f-5p 525 CDS -108 91 21 
GRMZM2G060876_P01 miR529-5p 760 CDS -100 90 21 
GRMZM2G160971_P01 miR159e-5p 1077 CDS -102 89 21 
GRMZM2G060206_P01 miR159e-5p 583 CDS -102 89 21 
GRMZM2G474326_P01 miR160a,b,c-5p 525 CDS -104 89 21 
GRMZM2G474326_P01 miR160d,e,g-5p 525 CDS -104 89 21 
GRMZM2G005301_P01 miR160d-3p 800 CDS -106 89 21 
GRMZM2G020016_P01 miR164a,c-3p 623 CDS -100 89 21 
GRMZM2G020016_P01 miR164g-3p 623 CDS -106 89 21 
GRMZM2G020016_P01 miR164h-3p 623 CDS -100 89 21 
GRMZM2G139765_P01 miR167h,i-3p 1202 CDS -89 89 19 
GRMZM2G368838_P01 miR169f-3p 280 CDS -100 89 21 
GRMZM2G169382_P01 miR395a,b,d-j,n,p-3p 43 5'UTR -100 89 21 
GRMZM2G055070_P01 miR398b-5p 83 5'UTR -106 89 21 
GRMZM2G544539_P01 miR528a,b-3p 31 CDS -102 89 21 
GRMZM5G806839_P01 miR529-3p 468 CDS -100 89 21 
GRMZM2G175543_P01 miR11970-3p 60 5'UTR -98 88 21 
GRMZM2G106591_P01 miR159a-5p 1124 CDS -96 88 21 
GRMZM2G002119_P01 miR164b-3p 64 CDS -96 88 20 
GRMZM2G175543_P01 miR164d-3p 751 CDS -96 88 20 
GRMZM2G005301_P01 miR164d-3p 624 CDS -96 88 20 
GRMZM2G110333_P01 miR169a,b-3p 591 CDS -98 88 21 
GRMZM2G055180_P01 miR169q-3p 754 CDS -93 88 19 
GRMZM2G011110_P01 miR482-3p 925 CDS -91 88 20 

 
11 members of the miR395a,b,d,e,f,g,h,i,j,n,p-3p family were bind with mRNA of GRMZM2G169382_P01 gene with 

ΔG/ΔGm value equal 89%. For miR160a-g-5p family binding sites were found in the mRNA of GRMZM2G474326_P01 
gene. The miRNAs of miR169a,b,f,q-3p family were bind with mRNA of GRMZM2G055180_P01, GRMZM2G368838_P01, 
GRMZM2G110333_P01 genes with the degree of complementarity of 88% – 89%. miR164a,b,c,g,h-3p had binding sites in 
the mRNA of GRMZM2G020016_P01, GRMZM2G002119_P01 genes. miR164d-3p and miR159e-5p could bind to mRNAs 
of two ERF genes. 

ΔG/ΔGm value of interaction of miR164d-3p and miR159e-5p with mRNA of these genes was 88% and 89%, respec-
tively. miR529-5p, miR529-3p, miR528a,b-3p, miR482-3p, miR398b-5p, miR167h,i-3p, miR160d-3p, miR159a-5p, 
miR11970-3p could bind to mRNAs of one target gene. 

Conclusion: Present study has shown the presence of miRNA binding sites in mRNA of ERF plant genes with high 
complementarity. The mRNAs of the O. sativa, T. aestivum, Z. mays genes contains binding sites for 49, 4, 40 miRNAs, re-
spectively. The miRNA binding sites in the mRNA genes mostly located in CDS. Some ERF genes had binding sites in 5'UTR, 
CDS, 3'UTR. The schemes of osa-miRNA interaction with mRNAs of ERF genes were constructed. The formation of non-
canonical pairs A–C and G–U increases the free energy of interaction of miRNA with mRNA. osa-miR2102-5p, osa-miR5075-
3p interacted with mRNA of 19 and 12 genes, respectively, which indicates the important role of these miRNAs in the regula-
tion of the physiological functions of plants. The nucleotide sequences of the osa-miR2102-5p and osa-miR5075-3p binding 
sites in the mRNA of ERF genes were conserved, compared to flanking nucleotides of mRNA target genes. The predicted as-
sociations of miRNAs and ERF target genes can regulate various processes in plants. 
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ВВЕДЕНИЕ ФЕРМЕНТНО-ПРОБИОТИЧЕСКОЙ ДОБАВКИ "БИТАЦЕЛ"  

В РАЦИОН КОРМЛЕНИЯ ВЫСОКОПРОДУКТИВНЫХ КОРОВ ГОЛШТИНСКОЙ ПОРОДЫ 
 

Аннотация: В статье обсуждается вопрос оптимизации кормления высокопродуктивного молочного скота, 
при использовании ферментно-пробиотических добавок в различные этапы лактации в хозяйствах с высоким техно-
логическим уровнем ведения животноводства. Ферментно-пробиотическая добавка «Битацел» – снижает затраты 
корма, повышает молочность коров до 12%, а также увеличивает жирность молока на 0,1-0,3% за счет более высо-
кой переваримости компонентов рациона и обеспечивает оптимальный баланс желудочно-кишечной микрофлоры и 
повышает интенсивность обменных процессов в организме. 

Ключевые слова: голштинская порода, молочная продуктивность, ферментно-пробиотическая добавка, пи-
тательность, химический состав корма.  
  


