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miRNA  BINDING SITES IN GENES OF ARABIDOPSIS THALIANA ARE
CONSERVATIVE IN ORTHOLOGOUS PLANT GENES
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Expression of many plant microRNAs (miRNAs) depends on plant response to abiotic and biotic
stress. For understanding the mechanisms of plant response to stress it is necessary to identify target
genes of each miRNA and relationship between miRNA and target gene. The complexity of the
problem is that one miRNA has several or dozens of target genes and for one gene there are
multiple binding miRNAs. Most plant miRNAs bind to the protein-coding region of mRNA and it
is important to determine the stability of these bonds in the orthologous genes of plants. Nucleotide
sequences of genes and miRNAs were obtained from Genbank (http://'www.ncbi.nlm.nih.gov) and
miRBase (http://www.mirbase.org) respectively. The free energy value (AG) of hybridization of
miRNA  with  studied mRNAs was calculated using RNAHybrid 2.1 program
(http://sites.google.com/site/malaheenee/software/). The diagrams of nucleotide and amino acid
sequences variability were visualized by WebLogo program. We have revealed binding
characteristics of miR414 with 98 genes in chromosome 4 of A. thaliana. The protein-coding
sequence (CDS) of AT4G12610 gene (transcription initiation factor IIF subunit alpha) has four
miR414 binding sites with confidence level from p<0.001 to p<0.0001. There are three sites in CDS
of AT4G31420 gene (zinc finger protein 622) and two sites in CDS of AT4G26600 gene (S-
adenosyl-L-methionine-dependent methyltransferase-like protein). Consequently the expression of
these genes is under strong control by miR414. miR414 target genes encode transcription factors,
DNA repair enzymes, ubiquitin, enzymes involved in cell proliferation, development and
differentiation, response to stress and pathogens. One miR414 binding site with high affinity
(p<0.0001) in AT4G05410 gene (YAO transducin/WD40 domain-containing protein) was
established. Orthologous gene family of ATIG48400 (F-box/RNI-like/FBD-like domain-containing
protein) in Arabidopsis lyrata, Ashbya gossypii, Ricinus communis, Vitis vinifera contains from one
to nine binding sites for miR414. Each binding site contains GAYGAYGAYGAYGAYGAYGAY
polynucleotide which encodes highly conservative heptapeptide DDDDDDD. Orthologous genes
for ATI1G48400 of A. thaliana are contained in cells of unicellular fungi (Neosartorya fischeri,
Meyerozyma guilliermondii etc.). Bacteria (Herpetosiphon aurantiacus) also encode similar
heptapeptide. Amino acids that are located before and after this heptapeptide are variable. It was
found that targets for ath-miR171a are GRAS transcription factors gene family (NAMI, NAM2,
NAM3) of A. thaliana. Binding sites for ath-miR17la localized in CDS contain
GAUAUUGGCGCGGCUCAAUCA polynucleotide which encodes ILARLN hexapeptide in
corresponding proteins. ath-miR171a:mRNA interaction sites in orthologous genes of A.lyrata,
Brachypodium distachyon, Glycine max, Medicago truncatula, Oryza sativa, Physcomitrella
patens, R. communis, Sorghum bicolor, Selaginella moellendorffii, V. vinifera, Zea mays also
contain conservative polynucleotide. Orthologous proteins NAM I, NAM2, NAM3 have conservative
ILARLN hexapeptide but amino acids located before and after the hexapeptide are variable. Thus,
the interaction of miRNA with protein-coding region of many genes has appeared long time ago
and has been preserved in evolution process.
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