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In silico analysis of miR156-mediated post-transcriptional regulation
of SPL genes involved in cell wall formation and cellulose
biosynthesis in Oryza sativa

Plant cell wall formation and cellulose biosynthesis are central processes determining plant growth, mechani-
cal strength, and biomass quality. Rice (Oryza sativa), the second most important crop worldwide after maize,
represents a well-established model system due to its fully sequenced and well-annotated genome. In this
study, an in silico approach was applied to investigate microRNA (miRNA) mediated post-transcriptional
regulation of genes involved in cell wall formation and cellulose biosynthesis in Oryza sativa (O. sativa). Us-
ing publicly available databases, including miRBase, TarDB, and NCBI, we systematically predicted miRNA
— target gene interactions and reconstructed regulatory networks associated with structural, enzymatic, and
signaling components of the plant cell wall. A total of 20 high-confidence miRNA — target gene pairs were
identified, involving transcription factors (SPL, NAC, GRAS, AP2, TCP and HD-ZIP IIl), cell wall-related
enzymes (laccases, redox- and copper-dependent proteins), and hormone-responsive regulators. The miR156
— SPL regulatory module emerged as a central and evolutionarily conserved node controlling secondary cell
wall formation and cellulose microfibril organization. Additional regulatory layers included miR164 — NAC,
miR397 laccase, and miR408/miR528-mediated redox pathways, as well as auxin-related miRNA networks.
The results demonstrate that cellulose biosynthesis and cell wall formation in rice are governed by complex,
multilevel miRNA-mediated regulatory systems. These findings provide a theoretical framework for future
experimental validation and for biotechnological strategies aimed at improving agricultural biomass utiliza-
tion and cellulose-based sustainable materials.
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Introduction

The plant cell wall is a fundamental structural system that ensures the growth, development, and re-
sistance of agricultural plants to environmental factors [1, 2]. Its main component, cellulose, not only pro-
vides mechanical strength to plant tissues but also plays a decisive role in maintaining cell shape, tissue dif-
ferentiation, and morphogenesis [3, 4]. Therefore, investigating the molecular regulatory mechanisms that
control cellulose biosynthesis and cell wall formation is a highly relevant topic in modern plant biology, ag-
ricultural biotechnology, and sustainable development [5]. In recent years, agricultural biomass has been
widely considered a renewable and environmentally friendly source of raw materials. Plant-derived cellulose
obtained from straw, rice husks, corn stalks, and other plant residues is regarded as a promising resource for
the production of biodegradable and biocompatible materials [6, 7]. The high mechanical strength of cellu-
lose, its processability, and its natural biodegradability make it a key component in the development of bio-
degradable packaging materials, eco-friendly composites, and sustainable polymer-based products [8]. In this
context, a deep understanding of the genetic and post-transcriptional regulatory mechanisms that determine
cellulose formation in plants provides a scientific basis for the efficient utilization of agricultural biomass
and the development of environmentally friendly packaging technologies [9, 10]. The expression of genes
involved in plant cell wall formation and cellulose biosynthesis is controlled by multilevel regulatory sys-
tems, among which post-transcriptional regulation plays a particularly important role [11, 12]. At this level,
miRNAs act as key regulatory molecules. In plants, miRNA biogenesis begins with the transcription of MIR
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genes in the nucleus, resulting in the formation of primary pri-miRNAs; these transcripts are sequentially
processed by the DICER-LIKEL (DCL1) enzyme and its cofactors to generate a mature miRNA duplex. The
mature miRNA subsequently associates with Argonaute (AGO) proteins to form a functional complex that
recognizes complementary mRNA sequences in the nucleus or cytoplasm. By binding to their target
MRNAs, miRNAs promote transcript degradation or inhibit translation. In plants, such interactions are typi-
cally characterized by a high degree of complementarity and often lead to direct mMRNA cleavage mediated
by AGO-containing complexes. Consequently, miRNAs enable precise and efficient regulation of structural
programs such as cell wall formation, cellulose synthesis, and cell wall remodeling (Fig. 1) [13-15].
O. sativa is not only one of the major crops ensuring global food security but also a model organism for plant
genomics and molecular biology [16]. In silico analysis provides an efficient approach for predicting miRNA
target gene interactions and reconstructing regulatory networks using genome-wide sequence information
and curated bioinformatics databases [17, 18]. The complete sequencing of the rice genome, together with
the availability of open bioinformatics resources such as miRBase, TarDB, and NCBI, enables comprehen-
sive in silico analyses of miRNA-target gene interactions [19, 20]. These approaches facilitate the identifica-
tion of key regulatory nodes, the characterization of gene network organization, and the formulation of func-
tional hypotheses prior to experimental validation. The aim of this study is to analyze, using in silico ap-
proaches, the post-transcriptional regulation mediated by miRNAs of genes involved in cellulose biosynthe-
sis and plant cell wall formation in O. sativa, including genes encoding SPL transcription factors. The results
obtained provide deeper insight into the molecular mechanisms governing plant cell wall formation and es-
tablish a scientific foundation for future biotechnological and genetic engineering studies focused on the de-
velopment of biodegradable materials and environmentally friendly packaging products derived from agri-
cultural biomass.
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Figure 1. Schematic overview of miRNA biogenesis, miRNA-SPL interactions,
and their role in the regulation of cellulose biosynthesis and plant cell wall formation in O. sativa.
Created with BioRender.com (License No. BJ298WDSN4)

Experimental

Databases and retrieval of nucleotide sequences. In this study, all analyses were performed exclusively
using in silico approaches based on publicly available bioinformatics databases. miRNA sequences specific
to O. sativa were retrieved from the miRBase database (https://www.mirbase.org), which provides curated
and experimentally validated annotations of plant miRNAs. Nucleotide sequences of candidate genes in-
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volved in plant cell wall formation and cellulose biosynthesis, including transcripts encoding SPL transcrip-
tion factors (LOC_0s08g39890.1 and LOC_0s099g31438.1), were obtained from the NCBI Gene and NCBI
Nucleotide databases (https://www.ncbi.nlm.nih.gov). Functional annotations of these genes were additional-
ly examined to confirm their involvement in cell wall development, secondary cell wall formation, and cellu-
lose-related regulatory processes.

Prediction of miRNA target gene interactions. Prediction of mMiRNA — mRNA interactions was per-
formed using the plant-adapted TarDB database (http://www.biosequencing.cn/TarDB/) [21]. This platform
is specifically optimized for identifying plant miRNA interactions characterized by high sequence comple-
mentarity and predominantly cleavage-based regulatory mechanisms. For each candidate gene, all O. sativa-
specific miRNAs were systematically screened. The following TarDB parameters were used to evaluate in-
teraction confidence: TarHunter score, an indicator of interaction reliability; Total mispair, the total number
of mismatched nucleotides within the miRNA-mRNA duplex; Seed mispair, the number of mismatches
within the seed region; Predicted cleavage, the likelihood of Argonaute-mediated mMRNA cleavage. This
study was conducted entirely using computational methods, and the obtained results are proposed as a theo-
retical framework for future experimental validation.

Results and Discussion

Based on in silico analysis using the TarDB database, a multilevel regulatory network consisting of
20 miRNA target gene pairs was identified in O. sativa, which are directly or indirectly involved in plant cell
wall formation and cellulose biosynthesis (Table 1). The identified network comprises miRNA families tar-
geting transcription factors, structural and enzymatic proteins, as well as key components of phytohormone-
dependent signaling pathways. These interactions indicate the presence of complex molecular mechanisms
regulating cell wall formation and remodeling at the post-transcriptional level. The results demonstrate that
miRNAs regulate the expression of cell wall-related genes not at a single level, but across multiple functional
layers. This regulation is organized into interconnected modules involving transcriptional control, enzymatic
activity, and hormonal signaling pathways, reflecting the integrative nature of cell wall biosynthesis
regulation.

Table 1
Predicted miRNA target gene pairs involved in plant cell wall formation
and cellulose biosynthesis in O. Sativa based on TarDB analysis
Ne mMiRNA Target transcript Gene function References
LOC_0s08g39890.1 ipti
1 miR156 family _ g SPL transcription factor _ [22]
LOC_0s09g31438.1 |(secondary cell wall regulation)
’ miR164 family LOC_0Os06g46270.1 NAC transcrlptlon factor, regulation of cell wall [23]
formation and plant development
LOC_0s02g44360.1 i ipti i
3 | miR171 family _ g GRAS family transcription fac_tor_, regulation of [24]
LOC_0s06g01620.1  |plant growth and cell differentiation
. i LOC_0s06g43220.1 . -
4 | miR172 family AP2-like transcription factor [25,26]
LOC_0s05g03040.1
LOC_0s01¢62490.1 i i i
5 | miR397 family _ g ITaC(_:ase, a ceII_waII associated enzyme involved in [27]
LOC_0s01g63200.1 |lignin metabolism
6 | miR394 family LOC_0s01g69940.1  |F-box protein (auxin signaling) [28]
7 | miR395 family LOC 0s03¢g53230.1  |ATP sulfurylase/sulfate metabolism regulator [29]
8 miR414 LOC 0s11¢g37990.1 |Regulatory protein (stress-responsive, rice-specific) [30]
. . TCP transcription factor
9 | miR319 family LOC_0s03g57190.1 (growth and cell wall regulation) [31, 32]
10 MiRA08-3p LOC_0s01g03530.1 Blue copper protein / oxidative stress and cell wall [33]
metabolism
. . NF-YA (Nuclear Factor Y, subunit A)
11| miR169 family LOC_0s10926470.1 drought/stress and development regulator [34]
ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 93
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Continuation of Table 1

Ne miRNA Target transcript Gene function References
12 MiR530 LOC_0s01g56780.1 Receptor-like regulatory protein _ [35]
(plant development and stress regulation)
13 | miR393family | LOC_Os01g53280.1 |1/RL/AFB auxin receptor pathway [36]
(auxin signaling)
LOC_0s01g53610.1
LOC_0s06g10310
LOC_0s02g53690.1
LOC_0s04951190.1/.2/.3
LOC_0s02g47280.1/.2 GRE o f
. . transcription factors
14 | miR396 family | LOC_0s06902560.1/.2/.3 (growth, leaf development: cell proliferation) [37]
LOC_0s03g51970.1
LOC_0s03g47140.1
LOC_0s12g29980.1/.2
LOC_0s02¢45570.1/.2
LOC_0s04g48510.1
15 | miR167 family LOC_0s04g57610.3 ARF (Auxin Response Factor) auxin-mediated de- [38]
velopment
16 miR399e LOC_Os1103700.1 PH02/UBp24—reIated phosphate homeostasis [39]
(Pi starvation response)
17 | miR166 family | LOC_Os02g45380.1 | {D-ZIP Il transcription factors [40]
(vascular/cell wall patterning)
18 miR162a LOC_0s03g01090.1 |DCL1 (miRNA biogenesis regulator) [41]
NAC transcription factors
19 | miR164 family LOC_0s02936880.2 (|rTvoIved_ in plant devglopme_nt and stress respons- [42]
es; occasionally associated with cell wall-related
regulatory networks)
LOC_0s12936620.1 - - i
20 | miR528-5p family _ g R(_edgx and copper de_pendent enzymes operating [43, 44]
LOC_0s03g03724.2  |within cell wall-associated enzymatic networks

The miRNA families targeting transcription factors were identified as a major regulatory module asso-
ciated with cell wall formation and cellulose biosynthesis. In particular, the miR156 family was predicted to
interact with genes encoding SPL transcription factors, suggesting its involvement in regulating genes re-
sponsible for secondary cell wall formation and the organization of cellulose microfibrils. This miR156 —
SPL module represents a central regulatory node controlling the structural program of the plant cell wall. The
miR164 family targets NAC transcription factors and is associated with processes related to cell wall thick-
ening, lignin biosynthesis, and tissue maturation. Regulation of NAC factors contributes not only to main-
taining the mechanical strength of the cell wall, but also influences the plant’s ability to adapt to external
stress conditions during development [45]. These observations highlight the functional importance of the
miR164 NAC regulatory interaction in ensuring cell wall stability. In addition, the miR171 and miR172 fam-
ilies were found to target GRAS and AP2-like transcription factors, respectively. These transcription factors
indirectly affect cell wall formation through their roles in plant morphogenesis, cellular differentiation, and
developmental programs [46]. Acting as components of higher-order transcriptional cascades, these miRNAs
contribute to the temporal and spatial regulation of cell wall biosynthesis. Enzymatic components directly
involved in determining the chemical composition of the plant cell wall were also found to be regulated by
miRNASs. The targeting of laccase genes by the miR397 family is associated with lignin polymerization and
the formation of the cellulose lignin matrix, representing one of the key enzymatic regulatory mechanisms
governing cell wall rigidity and mechanical strength. Furthermore, miR408-3p and miR528-5p interact with
genes encoding redox-active and copper-containing proteins, thereby regulating oxidation reduction process-
es linked to cell wall metabolism. These miRNAs constitute an additional regulatory layer contributing to the
maintenance of energetic and metabolic balance during cell wall biosynthesis. Indirect regulation mediated
through hormonal signaling pathways was also identified. The miR393, miR167, and miR394 families target
key components of the auxin signaling pathway, coordinating cell expansion, cell wall remodeling, and de-
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velopmental morphological changes in plants. Collectively, these miRNA target interactions underline the
importance of hormonal control in maintaining the dynamic properties of the plant cell wall.

The miR396 family was identified as a notable central regulatory node at the system level. This miRNA
targets multiple genes encoding GRF transcription factors, thereby controlling cellular proliferation and tis-
sue growth. Although the miR396 — GRF axis does not directly participate in cell wall biosynthesis, it rep-
resents an important post-transcriptional regulatory mechanism that determines the cell number and growth
rate required for proper cell wall formation. The conducted in silico analysis demonstrates that genes in-
volved in plant cell wall formation and cellulose biosynthesis are regulated by miRNAs through complex,
multi-step post-transcriptional mechanisms. The identified miRNA target gene network reveals a tight inter-
connection between cell wall structural integrity, developmental programs, and hormonal signaling
pathways, providing a molecular framework for future applications in plant biotechnology and genetic
engineering.

The miR156 family in O. sativa is represented by multiple isoforms, including osa-miR156a,
0sa-miR156b-5p, o0sa-miR156¢c-5p, o0sa-miR156d, o0sa-miR156e, 0sa-miR156f-5p, 0sa-miR156g-5p,
0sa-miR156h-5p, osa-miR156i, osa-miR156j-5p, osa-miR156k, and osa-miR156l-5p, all of which were
predicted to target the LOC_0s08939890.1 transcript encoding an SPL transcription factor (Table 2).
Despite minor sequence variations among these isoforms, their predicted interactions showed a high degree
of complementarity, particularly within the seed region, with mismatches being largely absent. This
conserved seed pairing supports a robust post-transcriptional regulatory mechanism, likely mediated through
MRNA cleavage, as further supported by low mispair scores and consistent cleavage predictions in
TarHunter analysis.

Table 2

Schemes of miR156 family binding sites in the LOC_0s08g39890.1 SPL mRNA involved
in cell wall formation in O. sativa

miRNA; tarHunter score; total mispair; seed mispair
miR156¢-5p; 1; 1; 0. miR156f-5p; 1; 1; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' GUGCUCUCUCUCUUCUGUCA 3'
FEEEEE ettt FIETEE Tt
3' CACGAGUGAGAGAAGACAGU 5! 3' CACGAGUGAGAGAAGACAGU 5'
miR156i; 1; 1; 0. miR156g-5p; 1; 1; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' GUGCUCUCUCUCUUCUGUCA 3'
FEEEEE ettt FIETEE Tt
3' CACGAGUGAGAGAAGACAGU 5' 3' CACGAGUGAGAGAAGACAGU 5'
miR156d; 1; 1; 0. miR1561-5p; 2.5; 3; 0
5' GUGCUCUCUCUCUUCUGUCA 3' 5' UGUGCUCUCUCUCUUCUGUCA 3'
FEEEEE ettt ol 11 Tt
3' CACGAGUGAGAGAAGACAGU 5' 3' AUACGAGUGAGAGAAGACAGC 5'
miR156h-5p; 1; 1; 0. miR156j-5p; 1; 1; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' GUGCUCUCUCUCUUCUGUCA 3'
FEEEEE ettt FEETEE Tt
3' CACGAGUGAGAGAAGACAGU 5' 3' CACGAGUGAGAGAAGACAGU 5'
miR156b-5p; 1; 1; 0. miR156a; 1; 1; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' GUGCUCUCUCUCUUCUGUCA 3'
FEEEEE ettt FEETEE Tt
3' CACGAGUGAGAGAAGACAGU 5' 3' CACGAGUGAGAGAAGACAGU 5'
miR156¢; 1; 1; 0. miR156k; 0; 0; 0
5' GUGCUCUCUCUCUUCUGUCA 3' 5' UGUGCUCUCUCUCUUCUGUCA 3'
FEEEEE ettt FEEEEEEEr et
3' CACGAGUGAGAGAAGACAGU 5' 3' ACACGAGAGAGAGAAGACAGU 5'
Note. mMRNA sequences are shown in green, miRNAs in blue; vertical bars indicate
canonical base pairing, and “0” denotes a G: U wobble interaction.

The target site 5-GUGCUCUCUCUCUUCUGUCA-3" in the LOC Os08g39890.1 transcript was
predicted to be recognized by 10 high-confidence members of the miR156 family, including osa-miR156a,
0sa-miR156b-5p, o0sa-miR156¢c-5p, o0sa-miR156d, o0sa-miR156e, 0sa-miR156f-5p, 0sa-miR156g-5p,
0sa-miR156h-5p, osa-miR156i, and osa-miR156j-5p, all of which exhibited strong complementarity with
zero seed mismatches and predicted cleavage activity. In addition, overlapping shifted binding sites differing
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by a single nucleotide were identified for specific isoforms (e.g., 0sa-miR156l-5p), whereas osa-miR156k
showed no confident interaction (TarHunter score = 0) (Fig. 2).

miR156c¢-5p; miR156f-5p; miR156i;
miR156g-5p; MiR156d; miR156h-5p;
miR156j-5p; miR156b-5p; miR1564a;
miR156e

>L0C_0s08g39890.1
TTCCGTCTCTTTCCTCTCTCTTCTCTCTCCCCCTCTCCTGGAGGAGAGAGAGGAGAAGAGGAGGGGGGGCCGCGCCAAGAGCCACGCGCGCTACAGTCTCCTTCCCACCCGCGACCGCGAGCAATGGAGATG
GCCAGTGGAGGAGGCGCCGCCGCCGCCGCCGGCGGCGGAGTAGGCGGCAGCGGCGGCGGTGGTGGTGGAGGGGACGAGCACCGCCAGCTGCACGGTCTCAAGTTCGGCAAGAAGATCTACTTCGAGGACGCC
GCCGCGGCAGCAGGCGGCGGCGGCACTGGCAGTGGCAGTGGCAGCGCGAGCGCCGCGCCGCCGTCCTCGTCTTCCAAGGCGGCGGGTGGTGGACGCGGCGGAGGGGGCAAGAACAAGGGGAAGGGCGTGGCC
GCGGCGGCGCCACCGLCGCCGLCGCCGCCGCCGCGGTGCCAGGTGGAGGGGTGCGGCGCGGATCTGAGCGGGATCAAGAACTACTACTGCCGCCACAAGGTGTGCTTCATGCATTCCAAGGCTCCCCGCGTC
GTCGTCGCCGGCCTCGAGCAGCGCTTCTGCCAGCAGTGCAGCAGGTTCCACCTGCTGCCTGAATTTGACCAAGGAAAACGCAGCTGCCGCAGACGCCTTGCAGGTCATAATGAGCGCCGGAGGAGGCCGCAA
ACCCCTTTGGCATCACGCTACGGTCGACTAGCTGCATCTGTTGGTGAGCATCGCAGGTTCAGAAGCTTTACGTTGGATTTCTCCTACCCAAGGGTTCCAAGCAGCGTAAGGAATGCATGGCCAGCAATTCAA
CCAGGCGATCGGATCTCCGGTGGTATCCAGTGGCACAGGAACGTAGCTCCTCATGGTCACTCTAGTngﬁIGﬁUHLAIAIGGIQLgﬁACACATACAGCGGCCAAGGTAGCTCTTCTTCAGGGCCACCGGTG
TTCGCTGGCCCAAATCTCCCTCCAGGTGGATGTCTCGCAGGGGTCGGTGCCGCCACCGACTCGAGGIIGTGCTCTCTCTCTTCTGTCAACCCAGCCATGGGATACTACTACCCACAGTGCCGCTGCCAGCCAC
AACCAGGCTGCAGCCATGTCCACTACCACCAGCTTTGATGGCAATCCTGTGGCACCCTCCGCCATGGCGGGXAGCTACATGGCACCAAGCCCCTGGACAGGTTCTCGGGGCCATGAGGGTGGTGGTCGGAGC
GTGGCGCACCAGCTACCACATGAAGTCTCACTTGATGAGGTGCACCCTGGTCCTAGCCATCATGCCCAGHTCTCCGGTGAGCTTGAGCTTGCTCTGCAGGGGAACGGTCCAGCCCCAGCACCACGCATCGAT
CCTGGGTCCGGCAGCACCTTCGACCAAACCAGCAACACGATGGATTGGTCTCTGTAGAGGCTGTTCCAGCTGCCATCGATCTGTCGTCCCGCAAGGCGAGTCATGGAACTGAAGAACCTCATGCTGCCTGCC
CTTATTTTGTGTTCAAATTTTCCTTTCCAGTATGGAAAGGAAATTCTAAGGTGACTGGCGATTAAXCTCCCTGTGATGAATAATAATGCGCGCCCTTGAACTCAATTAATTGCTGTGCCGCATCCATCTATG
TAACTCTCCATGAATTTTTAAGTATCAGTGTTAATGCTGTATTGTCGAGGACTTCTGCTCGATATGTTATTTCTCTTATGTTGTTCATCATGAATCTTTTTCTGCTTATTATTCTGGTGCCGGGTTGTCCTT

miR1561-5p

Figure 2. Localization of a shared miR156 family binding region within the LOC_0s08¢g39890.1 transcript.
The core target sequence 5'-GUGCUCUCUCUCUUCUGUCA-3' is highlighted in red.
This site is recognized by multiple miR156 isoforms, while osa-miR156l-5p binds
to a slightly shifted overlapping site

In addition to LOC_0s08¢g39890.1, LOC_0s09g31438.1 was also identified as a conserved target of
the miR156 family based on TarDB predictions. Multiple miR156 isoforms, including osa-miR156d,
0sa-miR156f-5p, o0sa-miR156i, o0sa-miR1561-5p, o0sa-miR156h-5p, o0sa-miR156e, 0sa-miR156j-5p,
0sa-miR156a, osa-miR156¢-5p, osa-miR156b-5p, osa-miR156g-5p and osa-miR156k were predicted to bind
to a shared target region within the LOC_0s09g31438.1 transcript (Table 3).

Table 3

Schemes of miR156 family binding sites in the LOC_0s09g31438.1 SPL mRNA
involved in cell wall formation in O. sativa

mMiRNA; tarHunter score; total mispair; seed mispair

96

miR156d; 1; 1; 0. miR156f-5p; 1; 1; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' GUGCUCUCUCUCUUCUGUCA 3'
FEETEE TEErr el FETEEE TErrrrrrrrrnd
3" CACGAGUGAGAGAAGACAGU 5" 3'" CACGAGUGAGAGAAGACAGU 5"
miR156i; 1; 1; 0. miR1561-5p; 2,5; 3; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' UGUGCUCUCUCUCUUCUGUCA 3"
FEETEE TEErr el ol Tl PR rrrrrrnd
3' CACGAGUGAGAGAAGACAGU 5' 3' AUACGAGUGAGAGAAGACAGC 5'
miR156h-5p; 1; 1; 0. miR156e; 1; 1; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' GUGCUCUCUCUCUUCUGUCA 3'
FEETEE T EErr el CETEEE Trrrrrrrrrrnd
3' CACGAGUGAGAGAAGACAGU 5' 3' CACGAGUGAGAGAAGACAGU 5'
miR156j-5p; 1; 1; 0. miR156a; 1; 1; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' GUGCUCUCUCUCUUCUGUCA 3'
FEETEE T EErr el CETEEE Trrrrrrrrrrnd
3' CACGAGUGAGAGAAGACAGU 5' 3' CACGAGUGAGAGAAGACAGU 5'
miR156¢-5p; 1; 1; 0. miR156b-5p; 1; 1; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' GUGCUCUCUCUCUUCUGUCA 3'
FEETEE T EErr el CETEEE Trrrrrrrrrrnd
3' CACGAGUGAGAGAAGACAGU 5' 3' CACGAGUGAGAGAAGACAGU 5'
miR156g-5p; 1; 1; 0. miR156k; 0; 0; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' UGUGCUCUCUCUCUUCUGUCA 3'
FEETEE T EErr el FETTEETTEEr e
3' CACGAGUGAGAGAAGACAGU 5" 3' ACACGAGAGAGAGAAGACAGU 5'

Note. mMRNA sequences are shown in green, miRNAs in blue; vertical bars indicate ca-
nonical base pairing, and “0” denotes a G: U wobble interaction.

Fundamental and Experimental Biology. 2026, 31, 2(122)




In silico analysis of miR156-me...

A conserved target region 5-GUGCUCUCUCUCUUCUGUCA-3" was identified within the
LOC _0s09¢g31438.1 transcript and was predicted to be recognized by 10 high-confidence members of the
miR156 family (Fig. 3). Specifically, osa-miR156a, osa-miR156b-5p, osa-miR156¢-5p, osa-miR156d, osa-
miR156e, osa-miR156f-5p, 0sa-miR156g-5p, osa-miR156h-5p, osa-miR156i, and osa-miR156j-5p exhibited
strong complementarity to this target sequence. All of these interactions were characterized by zero seed
mismatches and a consistent prediction of cleavage-based regulation, indicating high confidence miRNA—
MRNA pairing. In addition, osa-miR1561-5p was predicted to bind to an overlapping target site shifted by a
single nucleotide relative to the core region. This interaction showed the presence of a G: U wobble pair and
a higher overall mismatch score (TarHunter score = 2.5), suggesting reduced binding stringency compared to
the core miR156 isoforms. In contrast, osa-miR156k did not display a confident interaction with this region
(TarHunter score = 0). These results demonstrate that LOC _0s09g31438.1 is subject to robust, family-level
post-transcriptional regulation by miR156, mediated primarily through a conserved core binding site and
complemented by isoform-specific shifted interactions.

miR156d; miR156f-5p; miR156i; miR156h-5p;
miR156e; miR156j-5p; miR156a; miR156c-5p;
miR156b-5p; miR156g-5p

>L0C_0s09g31438.1

ATGGCGACCGGCGGCAGCGGCGGCG!
TCGTCGTCGACGTCGTCGGGCGGAG
TACTACTGCCGCCACAAGGTGTGCT.
GAATTTGATCAAGAAAAAAAAAGCT
AGGTCCAGAAGCTTTGTGGTAGA
CCTCACCGCAGCGCA

GGCGGAGGTGGAGGTGGTGGTGACGATGTCCACGGGCTCAAGTTCGGCAAGAAGATCTACTTCGAGCAGGACGCGGCGGCGTCGGCGTCGGCGGCGGCGGTGGAG
GGCAAGAAGGGGAAGGGCGTGGCGGCGGCGGCGGCGCCCCCGCCGCCGCTGCCGCCGAGGTGCCAGGTGGAGGGTTGCGGCGTGGATCTGAGCGGCGTCAAGCCG
ATGCACGCCAAGGAGCCCATCGTCGTCGTCGCCGGCCTCGAGCAGCGCTTCTGCCAACAGTGCAGCAGGTGCTCTGTCCACATGGTTAGGTTCCACCAATTACCT
CGCAGACGCCTTGCAGGTCACAATGAACGCCGGAGGAAGCCGACACCTGGACCTCTTTCTTCTCGCTATGGCCGGCTTGCTGCATCCTTTCATGAAGAGCCAGGC
TCATACCCAAGGGTTCCAAGCAGTGTGAGGGATGCGTGGCCTGCTATTCAGCCCAGCGATCGCATGTCCGGTTCAATCCAGTGGCAAGGGGGCCATGAACTCCAT
ATGCGTTCAGCAGCCATGGTGGCTCAGCGGCTGGGGCACCAATGCTCCACCACCCAGCCTTTGAGCTCACCTCAGGTGGATGTCTCGCGGGAGTC
GCCACCGACTCCAGQIGTGCTCTCTCTCTTCTGTCARCTCAGCCATGGGATACTACCCAAAGCACCAGCAGCCACAACCGGTCCCCGCCAATGTCGTCAACGGCCAGCGCCTTCGGAGGCGGCAACAACCCG
GTGTCGCCCTCGGTCA A GCGAGCCCCGGCTGGAACAGCTCCAGCCGGGGCCATGACGGCGCCAGGAACGTGCACCTGCCGCCACCGCACGGGGTTGTGCTGAACGAGGTCCCT
CCGGGCTCTGTCCACCACGGCCATTTETCCGGCGAGCTCGAGCTCGCACTGCAGGGAGGTGCCCCGTCCAACCGGCCGGAAGCCGAGCATGGCTCCGGCAGCGGCGCCTTCAGCCACTCCACCAATGCCATG
AACTGGTCTCTGTAGAGACCATTGATEATCTTCTTCCCCACCGTCACTGCGCCTTCATGCCAAGAGACATGGAACATTGGGCAGCCTAGTTTTGTGCTCCTTAACATTGCCATTTAGGTTTTCAGGATGGAG
AGGGAATTCGTAACTGATTAGGCCAGIAATTTCCTCTCGTTGAGCCTGATGTGTCCATGAATTCAAAACACCCGAAGAGATCCACTACCTGTAGAACTCCATAAACTGGGAGAATTGATGTGTTTTACTTGA

CCTATTTTAATCTCGGATTCATCTT .
miR156l-5p

Figure 3. The miR156 family binding site in the LOC_0s09931438.1 mRNA.

The core target sequence 5'-GUGCUCUCUCUCUUCUGUCA-3' is highlighted in red
and is recognized by multiple miR156 isoforms, including miR156d, miR156f-5p, miR156i,
miR156h-5p, miR156e, miR156j-5p, miR156a, miR156¢-5p, miR156b-5p, and miR156g-5p.

The position of the shifted overlapping binding site for miR1561-5p is also indicated

Comparative in silico analysis revealed that multiple members of the miR156 family in Zea mays
(Z. mays) are predicted to target SPL-like transcripts through a conserved binding site identical to that
identified in O. sativa. In particular, zma-miR156a-5p showed consistent and high-confidence interactions
with several maize SPL-related transcripts, including GRMZM2G126018 T02, GRMZM2G460544 TO01,
GRMZM2G307588_T01, GRMZM2G160917_T03, and GRMZM2G371033_T01, all of which exhibited
low TarHunter scores (<1), zero seed mismatches, and predicted cleavage activity (Table 4). The majority of
these interactions were characterized by near-perfect complementarity to the conserved target motif
5'-GUGCUCUCUCUCUUCUGUCA-3', indicating strong evolutionary conservation of the miR156 — SPL
regulatory module across monocot species. Additional zma-miR156a-5p target transcripts displayed slightly
higher TarHunter scores and limited mismatches, suggesting weaker but still plausible regulatory
interactions.

In contrast, other miR156 isoforms, such as zma-miR156j-5p and zma-miR156k-5p, showed reduced
interaction confidence or absence of predicted cleavage for several candidate transcripts, indicating
functional divergence within the miR156 family in maize. Overall, these results demonstrate that zma-
miR156a-5p represents the dominant and most conserved regulatory miRNA targeting SPL-like genes in
Z. mays, paralleling the regulatory patterns observed in O. sativa.
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Table 4

Predicted miR156 family binding sites in SPL-like transcripts involved in cell wall formation in Z. mays

Species | MIiRNA Target Pairing Tar Total o
transcript Hunter mispair mispair
Score
Z mays | miR156a-5p|GRMZM2G 5' GUGCUCUCUCUCUUCUGUCA 3 1 0

FEEErE T rrrr el

126018_T02 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G4605 T; l’TLllTf:,L|11|;1L|J1|;1L|J¢|;1L|J:|;1L|JL|11|;‘,L|JTUCA 3" 1 0

44_T01 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G3075 II l;lé‘tli;l'eiIliTIllTIliTlliTllitllTlli;l'eﬁlﬁf\x 3! 1 0

88_T01 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G1609 |5' GUGCUCUCUCUCUUCUGUCA 3 1 0
FEEEEE T rrrr el

17_T03 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G3710 || CUGGUEUCUCICTICUGCS 3" 1 0

33_T01 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G4651 |5' GUGGUCGCUCUCCUCUGUCA 3 35 0
[EE Ttoltrir T

65_T01 3' CACGAGUGAGAGAAGACAGU 5'

AC233751.1 FG |0’ CUCCOCUCOCUCU0cuciin 37 1 0

T002 FEEEEE T rrrr el
3' CACGAGUGAGAGAAGACAGU 5'

GRMZM5G8068 || CUGGUEUCUCUCTCUGCS 3" 1 0

33_T01 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G1015 |5' GUGCUCUCUCUCUUCUGUCA 3 1 0
FEEEEE T rrrr el

11.T02 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G0529 ] ; l\lle\lLlwlLlwlLlwlLlwlLlTLlTllelUl 3! 1 0

21_TO1 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G0654 |5' GUGCUCUCUCUCUUCUGUCA 3 1 0
FEEEEr T rrrrrrd

51_TO01 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G4148 |5' GUGCUCUCUCUCUUCUGUCA 3 1 0
FEEEEE Trrrrrrr el

05_T07 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G0224 |5 GUGCUCACCCUCUAUCUGUCA 3 4 1

89 TO1 FEEEEErr rrrr trrrrrd

_ 3' CACGAGUGAGAGA-AGACAGU 5'

GRMZM2G0224 |5' GUGCUCACUUCUCUCUCUGUCA 3 3 1
FETEEErr rrrrr il

89_T01 3' CACGAGUG-AGAGA-AGACAGU 5'

GRMZM2G5515 T; |TTTTTTTTTTTTTTTTTU“ 3" 0 0

65_T01 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G0676 T; |IT|T\|T|T\|T|T\|T|T\|T|T\|T|W|T\|T|TU\“ 3" 2 0

24_T02 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G1137 T; lTL'J(;TLljfLl,wTLl,wTLl,wTLlJLlJTLlJC;UCA 3 2 0

79_T01 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G1067 T; ||T|T|J|T\|T|T\|T|T\|T|T\|T|W|T\|T|T|U\“ 3" 1 0

98_T02 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G1464 T‘ ||H|T|T\||T|W|R|T|T\|T|W|T\|UU\“ 3! 4 0

(0]}
46_T02 3' CACGAGUGAGAGAAGACAGU 5'

Note. mRNA sequences are shown in green, miRNAs in blue; vertical bars indicate canonical base pairing, and “o” denotes a
G: U wobble interaction.

These data demonstrate that the miR156 — SPL regulatory module represents an evolutionarily con-
served, universal, and functionally significant molecular regulatory mechanism that governs gene networks
involved in plant cell wall formation and cellulose biosynthesis. The identification of a conserved miR156
binding region shared by multiple SPL transcripts, together with the presence of numerous high-confidence
miR156 isoforms targeting the same sites, indicates a robust and tightly controlled post-transcriptional regu-
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latory system. The predominance of perfect or near-perfect complementarity within the seed region and the
consistent prediction of cleavage-based regulation further support the functional relevance of these interac-
tions. Importantly, the conservation of the miR156-SPL interaction across monocot species, including
O. sativa and Z. mays, suggests that this regulatory module has been maintained during evolution due to its
critical role in controlling structural and developmental programs of the plant cell wall. Such conservation
implies selective pressure to preserve precise regulation of SPL transcription factors, which are known to
orchestrate secondary cell wall formation, cellulose microfibril organization, and tissue maturation. These
findings indicate that the miR156 — SPL axis functions as a central regulatory hub integrating developmen-
tal cues with structural gene expression, thereby ensuring coordinated control of cellulose biosynthesis and
cell wall architecture.

Rice (O. sativa) is a crop of strategic importance in global agriculture and is considered one of the main
food plants, ranking second after maize in terms of production volume [47]. In addition, the O. sativa ge-
nome has been fully sequenced, is well functionally annotated, and is widely used as a model species in mo-
lecular and genetic studies [16, 48]. These characteristics make rice a suitable model system for investigating
the molecular regulation of cell wall formation and cellulose biosynthesis [49, 50]. Recent studies have
shown that plant cell wall formation and cellulose synthesis are regulated through multilevel and dynamic
regulatory networks [51]. These networks integrate transcription factors, enzymatic complexes, and
phytohormone-dependent signaling pathways. Regulation at the post-transcriptional level, including the con-
trol of gene expression by miRNAS, has attracted increasing attention in recent years [13, 14, 52].

The in silico analysis conducted in this study demonstrated that miRNA-mediated regulation of genes
involved in cell wall formation and cellulose biosynthesis in O. sativa represents a complex and integrated
system. The results indicate that miRNA families targeting transcription factors act as dominant regulatory
modules in this process. In particular, the miR156 — SPL regulatory module occupies a central position in
controlling gene programs associated with secondary cell wall formation and the organization of cellulose
microfibrils. Recent studies have shown that SPL transcription factors play a decisive role in regulating cell
wall thickening and structural integrity [53, 54]. In addition, NAC transcription factors regulated by miR164
link cell wall formation and lignin accumulation with plant developmental stages and stress conditions. Re-
cently, Xiong et al. (2025) demonstrated that NAC factors are key regulators of cell wall remodeling and
stress tolerance [23]. This is fully consistent with our results and confirms the structural and physiological
importance of the miR164 — NAC axis. At the enzymatic level, laccase genes regulated by miR397 play an
important role in the formation of the cellulose lignin matrix. Laccases catalyze lignin polymerization, there-
by enhancing the mechanical strength of the cell wall. Studies by Janusz et al. (2020) [55] and Chen et al.
(2023) [44] have shown that copper-dependent redox enzymes coordinate cell wall formation through oxida-
tion—reduction reactions in the apoplast. In this context, the redox/copper-dependent enzymes regulated by
miR408-3p and miR528-5p identified in our study can be considered key components of enzyme networks
associated with the cell wall. MiRNA networks associated with hormonal signaling also deserve special at-
tention. Regulation of key components of the auxin signaling pathway by miR393, miR167, and miR394 is
directly linked to cell elongation, cell wall remodeling, and morphogenetic processes. Recently, Prigge et al.
(2020) [56] and Jing & Strader (2023) [57] highlighted the role of auxin signaling in regulating cell wall
plasticity and emphasized the integrative function of miRNAs in this process. At the systemic level, the
miR396 — GRF regulatory axis indirectly influences proper cell wall formation by determining cell prolifer-
ation and the rate of tissue growth. Recent genomic studies have shown that GRF factors contribute to struc-
tural development by regulating cell number and tissue architecture. [58, 59] In conclusion, this in silico
study demonstrates that cell wall formation and cellulose biosynthesis in O. sativa are controlled by evolu-
tionarily conserved, multilevel, and functionally significant miRNA-mediated regulatory networks. The ob-
tained data provide a solid theoretical foundation for molecular-level control of cellulose properties derived
from agricultural biomass and for the future development of applied biotechnological and genetic engineer-
ing based solutions.

Conclusion

This study provides a comprehensive in silico characterization of miRNA-mediated regulatory networks
controlling cell wall formation and cellulose biosynthesis in O. sativa. The results demonstrate that these
processes are regulated through interconnected and evolutionarily conserved miRNA — target gene modules
that integrate transcriptional control, enzymatic activity, and hormone-dependent signaling pathways into a
unified regulatory system. In particular, the miR156 — SPL axis represents a core regulatory module
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governing secondary cell wall development and cellulose microfibril organization, highlighting its central
role in determining structural properties of plant biomass. In parallel, miR164 — NAC and miR397 laccase
interactions link cell wall reinforcement with developmental regulation and stress-responsive programs,
underscoring the multifunctional nature of cell wall-associated regulatory networks. Furthermore, the
involvement of redox- and copper-dependent enzymes regulated by miR408-3p and miR528-5p emphasizes
the importance of apoplastic redox balance in coordinating enzymatic processes during cell wall assembly
and remodeling. Together, these findings indicate that plant cell wall biosynthesis is governed by a
multilayered post-transcriptional regulatory framework, rather than by isolated genetic pathways acting
independently. The regulatory map generated in this study provides a solid theoretical foundation for future
experimental validation and functional studies. Importantly, it also offers valuable perspectives for plant
biotechnology, genetic engineering, and the rational improvement of cellulose-rich agricultural biomass
aimed at the development of sustainable, biodegradable, and bio-based materials.
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A.M. benkoxaes, b./[. Kocanbaes, H. Fuzarymmmna, I'. Teneyraii

In silico agicTepimen Oryza sativa ecimairinae skacyma KadbIpFacbIHbIH
TY3iJ1yi MeH 1eJJ110J103a OuocuHTe3iHe KaTbhicaThbiH SPL renepinin
MiR156 apKbLIBI MOCTTPAHCKPUNIHSIIBIK PETTEIYiH Tajlaay

OciMaik jxacymia KaOBIpFachIHBIH TY3UTyl MEH LEJUII0NI03a OMOCHHTE31 OCIMIIKTIH ©CYiH, MEXaHHUKAIBIK
OepiKTIriH skoHe OMOMACCAHBIH CallachlH aHBIKTANTBHIH Herisri yaepicrep. Kypim (Oryza sativa) xyrepinen
KEeHiHT1 oJieMzeri eKiHII MaHBI3/bl JaKbUT TOJIBIK CEKBEHHPJICHICH JKOHE JKAaKChl aHHOTALMSIAHFAH TCHOMBI
Gap yurinmik xyiie periHae KeHiHeH KonmaHputaasl. byn 3eprreyne Oryza sativa (O. sativa) ecimuairinae xa-
cyia KaObIpFachIHBIH TY31Iyl MEH ILEJUI0i0o3a OnocuHTe3iHe KarbicaThiH reHaepain MukpoPHK (MiRNA)
apKBUIBI MMOCTTPAHCKPUIIMSUIBIK PETTENyiH 3eprrey yiuin in Silico omici xommausuiael. MiRBase, TarDB
skoHe NCBI CcHSIKTHI allbIK IepeKKopap/sl maiganana oteipbi, MIRNA TapreT ren e3apa opekerrecylepi
JKydenm Typae OOJDKaHBIN, ©cCiMAIK JKacymia KaOBIPFACHIHBIH KYPBUIBIMABIK, (DEpPMEHTATHBTIK JKOHE
CUTHAJIBIK KOMIIOHEHTTEpIMEH OaillaHBICTBI peTTeyln JKemijiep KaiWTa Kypsuigel. Hormkecinae
TparckpunuusibiK Gakropiaapasl (SPL, NAC, GRAS, AP2, TCP sxoune HD-ZIP I11), skacymia KaGblprachiHa
KaTbICThl (hepMeHTTepai (J1akKasajgap, PelOKC- JKOHE MBICKA TOYeJIl aKybl3gap) *KOHE TOPMOHFa jKayarl
Oepertin perrerimrepai KaMTUTHIH, sxoFapbl ceHiMai 20 MiIRNA Taprer reH jxy0bl aHbIKTaasl. MiR156 SPL
peTTeyIni MOAYJIi eKiHIII PeTTiK XKacyma KaOBIPFachIHBIH TY31Tyi MEH LEJUTI0JI03a MUKPOGHOpHILIaTapbIHEIH
YHBIMIACYBIH OaKbUIAHTBIH OPTAIBIK Spi SBOJIOLMSUIBIK TYPFBIIA KOHCEpBAIWsUIaHFAaH TYWIH peTiHOe
aiikeiHganbl. Koceimina perreymi aenreiiiepre miR164 NAC, miR397 nakkasza, miR408/miR528 apkeuis
JKYPETIH PEIOKC JKONIaPhl, COHAai-aK aykcuHre Oaitmansictel MIRNA sxerminepi Kip/ai. ANbIHFAaH HOTHXKEIEP
KypimrTe meumono3a OHOCHHTE3I MeH »acyla KaOBIPFachIHBIH Ty3inyi Kypaemi, kemmeHreinmi MIiRNA-
TOYeNIl peTTeyIi KyieaepMeH 0acKapblIaTEIHBIH KopceTeai. by TyKeIpeiMaap Oonamakra S5KCIIEpUMEHTTIK
BaJIMJALMsI JKYPri3yre J»oHE aybul IIapyambUIBIK OWoMaccachlH THIMAI NailallaHy MeH IIeJUIoJo3a
HETi3IHJeri OPHBIKTBI MaTepHaNAapAbl JKeTUIIipyre OaFbITTalFaH OWOTEXHOJOTHSUIBIK CTPAaTeTHsIapbl
a3ipJieyre TEOPHSUIBIK HETi3 KaJlakbl.

Kinm ce30ep: Oryza sativa, miRNA, skacyma KaObIpFachIHBIH Ty3ilyi, LEJUTIOJI03a OHOCHHTESI,
in silico Tannay.

A.M. benkoxaes, b.J[. Kocan6aes, H. Fuzarymnuna, I'. Toneyraii

In silico anau3 MOCTTPaHCKPUIIIUOHHOI peryasiuu reHos SPL,
Y4acTBYIOIIUX B (POPMHPOBAHUH KJIETOYHOH CTEHKH M OMOCHHTeE3e 1eJLTI0JI03bI,
onocpenoBanHoii miR156, y Oryza sativa

dopMHpoBaHHE KIETOUHOI CTCHKH pacTeHHI U OMOCHHTE3 LEIUTIONO3bI SBIISIOTCS KITIOYEBBIMU MPOLIECCAMH,
OIPEIETISAIONIMMU POCT PACTCHHUH, HX MEXaHHYECKYIO POYHOCTh M KauecTBO Gromacchl. Puc (Oryza sativa),
BTOpasi 110 3HAYNMOCTH CEIbCKOXO3SHCTBEHHAS KyJIbTypa B MHUpE ITOCIE KYKypYy3bl, ITHPOKO MCHONB3yeTCs
KaK MOJIeTIbHAsI CHCTeMa 0J1aroapsi IMOJHOCTHIO CEKBEHHPOBAHHOMY M XOPOIIIO aHHOTHPOBAaHHOMY FeHOMY. B
JTAHHOM HCCJIEI0BaHUU NpUMEHEH in Silico MeTon i M3ydeHus: HOCTTPaHCKPHITIIMOHHO PeryJIsiiy TeHOB,
y4acTBYIOIIMX B (JOPMHPOBAaHHWH KIECTOYHON CTEHKH M OHocuHTe3e nemtonossl y Oryza sativa (O. sativa),
onocpenoanHoil MUKpoPHK (MIRNA). C ucnosb3oBanreM OTKpBITHIX 0a3 maHHbix MiRBase, TarDB wu
NCBI 6butn cucTeMaTHYeCKH Npe/cKa3anbl B3auMozaeiicTBust MIRNA ¢ TapreTHbIMH TeHaMH W PEKOHCTPYH-
POBaHBI PEryJSATOPHBIC CETH, CBSI3aHHBIE CO CTPYKTYPHBIMH, ()EPMEHTATUBHBIMH U CHTHAJILHBIMH KOMITOHEH-
TaMH KJIETOYHOIl CTeHKM pacTeHuil. B pesynprare uaeHtu¢unupoano 20 BBICOKOJOCTOBEPHBIX Map
MiRNA-TapreTHbIX T€HOB, BKIOUaromumx Tpanckpumiuonnsie dakropsl (SPL, NAC, GRAS, AP2, TCP u
HD-ZIP Ill), ¢pepmeHTHI, CBSI3aHHBIE C KIETOYHON CTEHKOH (JIAKKA3bl, PEJOKC- U ME/Ib-3aBHCUMBIE OCTIKH), a
TaKKe TOPMOH-IYBCTBHUTEIbHBIE PETYISATOPBI. Perynstopusii Moaysis MiR156-SPL Obut BBISIBIICH Kak [EH-
TpaNbHBIA U SBOJIONMOHHO KOHCEPBATHBHBII Y3€Jl, KOHTPOJIHMPYIOMHI (pOpMHPOBAHIE BTOPUIHOH KIETOU-
HOM CTEHKHM M OpraHM3alii0 MUKPOGHOPMILI LEe/UII0I03bl. JIONOIHUTEIbHbIE YPOBHU PEryJIALMI BKIIOYAIH
B3aumozeiicteus MiR164-NAC, miR397-nakkasa, pefokc-myTH, onocpeaoannbie MiR408/miR528, a taxxke
MiRNA-ceTH, CBsA3aHHBIE C ayKCHHOBBIM CHTHAIMHIOM. [lONydeHHBIC Pe3ysibTaThl JEMOHCTPHPYIOT, UTO
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OMOCHHTE3 LIEIUTI0N03bI U ()OPMUPOBAHHME KIJIETOUHOH CTEHKH Y pHCa KOHTPOJIHUPYIOTCS CIIOXHBIMH MHOTO-
ypoBHeBbIME MIRNA-0m0OCpe10BAHHBIMU PETYJISTOPHBIME CHCTEMAaMH. JTH BBIBOJBI CO3/IAIOT TEOpETHYE-
CKYIO OCHOBY JUISl ITOCJICYIOLICH SKCIIEPUMEHTAIBHON BaIUIAlMU U Pa3paboTKH OMOTEXHOIOTHYECKHX CTpa-
TETHH, HAIPaBIEHHBIX Ha 3(Q(EKTHBHOE HCIIOIb30BAHUE CEIbCKOXO03SIHCTBEHHOI OMOMAacChHl M COBEPIICHCT-
BOBaHHE YCTOHYMBBIX MaTepHaIoOB Ha OCHOBE I[EIUTIOJIO3EL.

Knroueevie crosa: Oryza sativa, miRNA, ¢opmupoBanne KICTOYHOW CTECHKH, OMOCHHTE3 ILEIUTIONIO3BI,
in silico anasnus.
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