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Abstract. MicroRNAs (miRNAs) are small non-coding RNAs that regulate gene expression at the post-transcrip-
tional level in the cytoplasm and play an important role in a wide range of biological processes. Recent studies
have found that the miRNA sequences are presented not only in the cytoplasm, but also in the mitochondria.
These miRNAs (the so-called mitomiRs) may be the sequences of nuclear or mitochondrial origin; some of them
are involved in regulation of the mitochondrial gene functions, while the role of others is still unknown. The iden-
tification of nucleotide signals, which are unique to mitomiRs, may help to determine this role. We formed a data-
set that combined the experimentally discovered mitomiRs in human, rat and mouse. To isolate signals that may
be responsible for the mitomiRs’ functions or for their translocation from or into mitochondria a context analysis
was carried out for the sequences. For three species in the group mitomiRs/non-mitomiRs and the group of all
miRNAs from the miRBase database statistically overrepresented 8-letter motifs were identified (p-value < 0.01
with Bonferroni correction for multiple comparisons), for these motifs the patterns of the localization in func-
tionally important regions for different types of miRNAs were found. Also, for the group mitomiRs/non-mitomiRs
we found the statistically significant features of the miRNA nucleotide context near the Dicer and Drosha cleavage
sites (Pearson’s 32 test of independence for the first three positions of the miRNA, p-value < 0.05). The observed
nucleotide frequencies may indicate a more homogeneous pri-miRNA cleavage by the Drosha complex during
the formation of the 5’ end of mitomiRs. The obtained results can help to determine the role of the nucleotide
signals in the origin, processing, and functions of the mitomiRs.
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AnHoTauyma. MnkpoPHK — 310 manbie Hekopupytowme PHK, KoTopble perynmpytot sKCnpeccuio reHoB Ha noct-
TPaHCKPUMLNOHHOM YPOBHE B LIUTOMJIAa3Me, U, TaKM 06pa3oMm, UrpatoT BaXKHY0 posib B 6OMbLIOM yncsie 61ono-
rmyecknx npoueccos. MocnegHue nccnefoBaHNa 06HAPYKMAN NPUCYTCTBME NocnefoBaTenbHOCTEN MUKPOPHK
He TONbKO B LUTOMNAa3Me, HO 1 BHYTPU MUTOXOHAPUN. Takne MUKPoPHK (Tak Ha3biBaemMble MuTOMUPDI, MitomiRs)
MOTYT UMeTb AAEPHOE NN MUTOXOHAPWANbHOE MPONCXOXKAEHVE, NPU STOM AJ1A HEKOTOPbIX N3 HUX YCTaHOBJIeHa
ponb B perynmpoBaHnmn GyHKLMIN MUTOXOHAPUASTbHbIX FEHOB, a AnA O0NbLUMHCTBA OHa NOKa Hemn3BecTHa. Boiasne-
HUe HYKNeOTUAHbIX CUTHANOB, YHUKANbHbIX AN MUTOMMPOB, MOXET MOMOYb onpeaenvTb 3Ty ponb. B Hawen pa-
60Te cocTaBeHa BblbopKa IKCNEePMEHTaNIbHO OOHAPYKEHHbIX MUTOMMPOB YeNI0BEKA, MbILLK 1 Kpbicbl. C Lienbo
Bbl€NIEHNA CUrHANIOB, KOTOPble MOTYT ObITb OTBETCTBEHHDBI 3a GYHKLMOHMPOBAHNE MUTOMUPOB 1 3a UX TPaHC-
NOPTUPOBKY B MUTOXOHAPUMN UAN U3 HUX, OCYLLECTBNEH KOHTEKCTHbIN aHann3 AnA NonyyYeHHbIX nocnefoBaTenb-
HOCTe MUTOMMPOB. 1nA Tpex BUAOB B rpynne AaHHbIX MUTOMUPbI/He-MUTOMUPDI 1 B rpynne Bcex MUKpoPHK
13 6a3bl MiRBase BbIfiBNIEHbI CTAaTUCTUYECKM NepenpefcTaBieHHble 8-0yKBeHHble MOTHBbI (YPOBEHb 3HAaUMMOCTU
p<0.01 c yyueTom nonpasku BoHPpeppPOHU Ha MHOXECTBEHHOCTb CPaBHEHNSA). 1A 3TVIX MOTUBOB OOHapPY»KeHbl 3a-
KOHOMEPHOCTU UX JIoKanm3auum B GyHKLMOHaNbHO 3HAUMMBbIX yyacTKax Ans pasHbiX Tunos MukpoPHK. Ana pac-
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CMaTpriBaeMol rpynnbl MUTOMUPbI/HEe-MUTOMUPDI Tak»Ke 0OHapy»eHbl CTaTUCTUYECKN 3HAaUYMMble OCOBEHHOCTM
HYK1eoTUAHOro cocTaBa nocnefoBatesibHocTe MUKPOPHK Bo3ne rpanuy paspesaHuna komnnekcamu Drosha/
Dicer (kpuTepuin HesaBucumocTu x2 MupcoHa ana nepsbix Tpex no3uumii MUKPoPHK ¢ ypoBHEM 3HauumocTu
p<0.05). Habntogaemble 4acToOTbl HYKNEOTUZAOB, NPEAMNONOXKNTENBHO, MOTYT YKa3biBaTb Ha HanMumne y MAUTOMU-
poB (B CpaBHEHUM C He-MUTOMMpPamMK) 6oniee O4HOPOAHOrO pa3pesaHus npan-MuPHK komnnekcom Drosha npu
dopmmpoBaHMK 5'-KoHUa nocnepoBaTtenbHocTel. PeynbTaTtbl paboTbl MOryT ObiTb NMOME3HbIMK ANA BbIABEHUA
CUrHANOB, MPUHMMAIOLLMX YYacTUe B BOSHVKHOBEHWM, NPOLECCUHIe U GYHKLIMAX MUTOMUPOB.

Kniouesble cnosa: MMKpoPHK; npe-MuPHK; mutomup; mutoxoHapus.

Introduction

The main pathways of miRNA biogenesis, starting at a cell’s
nucleus and ending in the cytoplasm, have been studied quite
well to date (Bartel, 2018). Studying the nucleotide context
of microRNAs and their precursors (pri-/pre-miRNAs) es-
tablished the presence of signals that can affect the functions
of miRNAs as well as their maturation at different stages of
biogenesis. The nucleotide sequence of a miRNA can both
directly determine its functions and affect the 5'-end cleav-
age accuracy by Drosha/Dicer complexes, thus forming site-
specifically modified miRNAs having a shift in the so-called
“seed region”, a region from 2 to 7 miRNA nucleotides re-
sponsible for its addressing (Starega-Roslan et al., 2015a, b;
Rolle et al., 2016).

The presence of motifs in the single-stranded ends (UG;
CNNC) and in the basal stem of the pri-miRNAs (CUC/
GHG) or in the terminal loop (GU) of the pre-miRNA
hairpin can lead to blocking or, conversely, to facilitating
miRNA processing (Auyeung et al., 2013; Fang, Bartel,
2015; Nguyen et al., 2015; Starega-Roslan et al., 2015a, b;
Rolle et al., 2016; Vorozheykin, Titov, 2020). Apart from
the nucleus and cytoplasm, these small RNA sequences, as
well as the proteins of their processing complexes, are found
in organelles, for example, in mitochondria (Kren et al., 2009;
Bandieraetal., 2011; Wang et al., 2015). These observations
show there are possibly new pathways for miRNA biogenesis
inside a mitochondrion as well as ways for transportation of
mature miRNAs between the cytoplasm and mitochondria
by yet unknown transport complexes. The existence of such
mitochondrial miRNAs (so-called mitomiRs) raises questions
about their evolutionary origin and their functions inside
and outside organelles and whether they have the structural
features enabling their functions and transportation inside
or outside mitochondria.

This paper is a review of published materials devoted to
experimentally observed miRNAs in a mitochondria. For
selected mitomiRs, their sequences’ contextual features
have been evaluated to investigate the possible influence of
nucleotide signals on the origin, processing, and functions of
the mitomiRs.

Materials and methods
For our review, miRNA sequences of Homo sapiens, Mus
musculus, Rattus norvegicus from the miRBase database
(http://miRBase.org, edition 22.1) (Kozomara et al., 2019)
were selected. The total number of the included sequences
comprised 5398.

The information about mitomiRs was obtained from the
articles, whose authors experimentally investigated, applying
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the RT-qPCR, microarray, qRT-PCR methods, microRNA
localization inside and outside the mitochondria of different
organisms and tissues (Kren et al., 2009; Bian et al., 2010;
Bandiera et al., 2011; Barrey et al., 2011; Mercer et al., 2011;
Dasetal.,2012; Sripada etal., 2012; Wang et al., 2015). Based
on these publications, two sets of sequences were formed for
human, mouse, and rat: mitomiRs (652 miRNA sequences
observed in mitochondria) and all other miRNAs from the
miRBase database (4766 sequences) hereinafter called non-
mitomiRs).

To study the features of the sequences of these two groups,
a search for statistically overrepresented (p-value < 0.01
with Bonferroni correction for multiple comparisons) oligo-
nucleotide motifs was carried out using the ARGO software
(Vishnevsky, Kolchanov, 2005) to perform a de novo search for
motifs in the 15-letter code for mitomiRs/non-mitomiRs sample
pairs and for all miRNAs from the miRBase database. When
searching for motifs in the microRNAs from the miRBase
database, the software estimated the expected proportion of
random sequences with a mononucleotide frequency composi-
tion similar to that of an analyzed sample containing a motif
for random reasons.

For the obtained motifs, an assessment to estimate their
similarity within each of the considered groups and between
the two groups was performed. For every pair of motifs, the
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Jaccard similarity coefficient was calculated as =S where
total
Nt 1s the number of all 4-letter nucleotide sequences cor-

responding to both motifs. The coefficient takes a value from
0 to 1, where 0 indicates a complete difference between the
two motifs, and 1 — a complete match.

To estimate the probability of obtaining the Jaccard coef-
ficient for random reasons, the method proposed in (Real,
Vargas, 1996) was applied where the random value of the
Jaccard coefficient is assumed to be distributed according
to the binomial law (up to normalization). For the identified
motifs (found in 616 mitomiRs and 4043 non-mitomiRs),
an analysis of their localization in miRNA sequence and an
analysis of the nucleotide context were performed to identify
the heterogeneity of miRNA cleavage from a precursor by the
Drosha and Dicer complexes. The localization analysis of all
microRNAs from the miRBase database involved the random
positions selected within the sequences of an analyzed sample
and used as a “contrast” sample.

Results and discussion

In the reviewed publications, 652 unique miRNA identifiers
were mentioned. 272 sequences from the found mitomiRs can
be characterized as highly reliable, since they were either ad-
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ditionally verified by RT-qPCR/qRT-PCR methods, or in the
data of microarray experiments, they were observed in greater
numbers inside mitochondria than outside them.

It is worth mentioning seven mitomiRs, whose sequences
fully present in the human mitochondrial genome: hsa-miR-
1974, hsa-miR-1977, hsa-miR-1978, hsa-miR-4461, hsa-miR-
4463, hsa-miR-4484, hsa-miR-4485-3p, and that can serve
as an additional confirmation of their validity. At the same
time, due to miRNA sequence and mitochondrial tRNA im-
position, references to the following miRNAs such as hsa-
miR-1974, hsa-miR-1977, hsa-miR-1978 were removed from
the miRBase database. The hsa-miR-4461 microRNA was
also removed from the database since the experimental data
obtained for it did not meet the miRNA-annotation require-
ments. Hence, the sequences that did not correspond to the
currently known miRNA biogenesis pathways but could be
formed through unknown non-canonical pathways had been
excluded from the miRBase database.

For further investigation and comparison of mitomiR
characteristics, a sample of non-mitomiRs of a total of 4766
sequences was also used in the study. It includes all human,
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mouse, and rat miRNAs from the considered miRBase data-
base, excluding the selected mitomiRs.

Using the ARGO software (Vishnevsky, Kolchanov, 2005),
all the two miRNAs groups (mitomiRs/non-mitomiRs group,
and all the miRNAs included in the miRBase database) were
analyzed. For each of the groups, 40 (Table 1) and 44 (Table 2)
8-nucleotide [IUPAC motifs were selected, each having a statis-
tically significant difference in occurrence in miRNA samples
in each of the groups (p < 0.01 with Bonferroni correction
for multiple comparisons). For the motifs within each of the
groups, as well as for the motifs from different groups, the
Jaccard similarity coefficient average value (averaged over
motif pairs excluding zero values) for all three calculations
did not exceed 0.02.

For two motifs, KTGCANDK from the mitomiRs/non-
mitomiRs group and KTGYABDD from the group of all
microRNAs, a maximum Jaccard coefficient of (0.3) and a
minimum probability to observe it for random reasons of
(0.81) were obtained. These motifs were found in 193 se-
quences from the mitomiRs/non-mitomiRs group and in 315
sequences in the group of all miRNAs from the miRBase

Table 1. Motifs that have a statistically significant difference in occurrence between the mitomiRs/non-mitomiRs groups

No. Motif % of mitomiRs % of non-  Significance
mitomiRs  level,p
1 ....... CAKTSHAN ............ 844 ...................... 0 87 .............. 38X 1 0726 ..........

2 ...... KTGCANDK ........... 890 ....................... 1 26 .............. 56X 1 0721 ..........

3 ...... HASHWSBD ......... 2853”89 .............. 58)(10_21 ..........

4 ...... WMAGKGCD ......... 629 ...................... 0 54 .............. 18x 1 0_20 ..........

5 ...... MNTVCANK ......... 1396 ...................... 340 .............. 36X 1 0_20 ..........

6 ...... HRVRNTSH .......... 34971714 .............. 14)(10718 ..........

7 ...... KBAGGTWG ........... 521 ....................... 041 .............. 85)(1071 e

8 ...... AGSAVCWY ........... 521 ....................... 041 .............. 87x10_17 ..........

9 ...... RHASHWSB ......... 2086793 .............. 91x10_16 ..........

10 ...... RCADTSDH ............ 997 ...................... 213 .............. 79)(10_1 Y

H ....... RSTRRDTT ............. 813144 .............. 45“0714 ..........

12 ...... WMDWSCWB ...... 1549 ...................... 508 .............. 12 X 1 071 A

13 ...... HSVYDGDN ......... 4402 .................... 26 58 .............. 19)( 1 0_1 e

14 ...... WRMACWTB ......... 6 1 3 ...................... 0 85 .............. 35 x 1 0_12 ..........

15 ...... CCHKBWGD .......... 936 ...................... 220 .............. 23)(10_1 e

16 ...... GBYWVYWG ........ 1212363 .............. 65)(10_11 ..........

17 ...... KGYWNASW ........ 1074 ...................... 303 .............. 48X 1 071 —

18 ...... CADKGNTD ........... 813 ....................... 1 79 .............. 58x10_10 ..........

19 ...... GWGSTNW ........... 966 ...................... 260 .............. 42 X 1 0_9 ...........

20 ...... WSCAKSWR ........... 644 ....................... 1 24 .............. 35 x 1 0_8 ...........

No. Motif % of mitomiRs % of non-  Significance
mitomiRs  level,p
2 1 ...... MWCM BAVH .......... 982 ..................... 286 ................ 97X 1073 ..........

22 ...... RKTGYWBH .......... 1181 ...................... 39812><1077 ..........

23 ...... GYHSHBDG .......... 1810 ..................... 79717x10_7 ..........

24 ...... YWMCMTBT ........... 521 ...................... 085 ................ 38><10_7 ..........

2 5 ...... KKVAACMH ............ 598 ..................... 117 ................ 89><10_7 ..........

2 6 ...... CTNVRBTS .............. 966 ..................... 313 ................ 21x1075 ..........

2 7 ...... CTRKNBVW .......... 1488 ..................... 634 ................ 24)( 1075 ..........

28 ...... RCABCMHH ............ 613 ..................... 140 ................ 57x10_5 ..........

29 ...... YCMYWMMM ........ 629148 ................ 75><10_5 ..........

3 0 ...... SAGVAMHN ............ 813 ..................... 245 ................ 20)(10_4 ..........

3 1 ...... WKMYCMKA .......... 521 ...................... 106 ................ 21x1074 ..........

3 2 ...... NMYASDG S .......... 1043 ..................... 379 ................ 35x 1074 ..........

3 3 ...... KGARNMCY ............ 552 ..................... 122 ................ 40X 10_4 ..........

34 ...... TSRGWSDG ............ 598146 ................ 98><10_4 ..........

35 ...... WCCHBTHS ............ 660 ..................... 17713><10_3 ..........

36 ...... SAVWSSCW ............ 613 ..................... 159 ................ 29)(10_3 ..........

3 7 ...... STRHDGTT ............. 506 ..................... 1” ................. 35x1073 ..........

3 8 ...... NGG CWMDS .......... 706 ..................... 207 ................ 41 X 10_3 ..........

39 ...... HCYBRRCT ............. 537126 ................ 53x10_3 ..........

40 ...... YSTSRSTS ............... 598155 ................ ng10_3 ..........

Note. % of mitomiRs is a proportion of mitomiR sequences containing the motif; % of non-mitomiRs is a proportion of non-mitomiR sequences containing

the motif.
Here and in the Table 2: The table includes only those motifs whose significance

level was p < 0.01 with Bonferroni correction for multiple comparisons.
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Table 2. Motifs having a statistically significant difference in occurrence between the group of all miRBase base miRNAs
and random sequences of similar mononucleotide composition as analyzed miRNAs

No. Motif % of miRBase % of random  Significance

sequences level, p

No. Motif

% of miRBase % of random Significance
sequences

level, p

Note. % of miRBase is a proportion of miRBase sequences containing the motif; % of random sequences is an expected by ARGO a proportion of random
sequences with a mononucleotide frequency composition similar to analyzed sample containing a motif for random reasons.

database. Apart these two motifs, the Jaccard coefficient for
all other considered pairs did not exceed 0.13 with the prob-
ability of observing corresponding coefficients for random
reasons being less than 0.001, so the observed data showed
a low degree of motif coincidence both within each of the
groups and between the two groups.

The observed differences in the nucleotide composition be-
tween the samples of mitomiRs and non-mitomiRs can act as
specific signals for mitomiR processing, e. g., for recognition
and transportation of sequences to/from mitochondria by trans-
port complexes or for the implementation of mitomiR specific
functions through direct binding to targets in mitochondrial
or cellular DNASs. At the same time, the motifs found in the
group of all miRNAs may correspond to the signals common
for the processing and functioning of miRNAs, regardless of
their localization.

For both considered groups the first motif position tended
to be located at the beginning of a miRNA (Fig. 1), so the

822

maximum proportion of sequences was observed for the motifs
with their start being at positions 1-3. For the obtained obser-
vations, a statistically significant dependence of a miRNA-
sequence type on the positions of a motif start (Pearson’s 2
test of independence, p-values 4.46 x 102 and 6.58 x 1073 for
the mitomiRs/non-mitomiRs group and the miRbase miRNAs/
random positions in miRNAs group, respectively). At the same
time, for the mitomiRs, in contrast to the other samples, a
significant reduction in the number of miRNAs whose motif
start was located at positions 8-10 of a microRNA was ob-
served. A possible reason for that was that the so-called seed
region of all miRNAs (both mitomiRs and non-mitomiRs) is
the most conservative and significant region in terms of its
functionality, and therefore the considered 8-letter conserva-
tive motifs often take this region.

In contrast to this, the motifs starting from 8 to 10 position in
amiRNA are often localized in the region of the so-called ad-
ditional seed (~13-16), which is supposedly less conservative
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m MitomiRs r
Non-mitomiRs

B miRBase
Random sequences

MiRNA proportion

1 6 11 16 21 1 6 11 16 21
Motif start position in miRNA Motif start position in miRNA

Fig. 1. MiRNAs proportion depending on the motif-start positions found in the sequences of mitomiRs and non-mitomiRs (a) and in the miRNAs
from the miRBase database (b).

For each miRNA with a matif, its position starting from the 5’end of the sequence was determined. If one motif occurred several times in a microRNA or several
motifs occurred once in a microRNA, each occurrence was considered independently and generated a data structure (microRNA, motif position). The graph was
normalized for the total number of structures obtained for all motifs. The decrease in observations in the positions whose numbers were greater than 15 was due

to the variability in the lengths of miRNA sequences changing from 15 to 28 nucleotides.

in mitomiRs and less often participates in microRNA binding
to the target if compared to non-mitomiRs (see Fig. 1, a).
However, since the sample of all miRNAs mostly consisted
of non-mitomiRs, its observation results approximately co-
incided with those obtained for non-mitomiRs.

For the detected motifs, different localization patterns
within a miRNA sequence were observed. One motif could
be observed as in several different miRNAs with different
localizations within the sequences (e.g., the KTGCANDK
motif with a significance level of p = 5.6 x 102! started at
position 14 from the 5" end of the hsa-miR-92a-1-5p mitomiR,
and at position 2 from the 5’ end of the mmu-miR-19b-3p
mitomiR) as within one miRNA, including cases that did not
intersect each other (e.g., in the hsa-miR-33a-5p mitomiR,
the KTGCANDK motif occurs twice, starting from position 1
and from position 12 from the 5’ end).

Hence, the variability of motif localization in a miRNAs
may indicate both the functional importance of these nucleo-
tide signals for these miRNAs and the possible involvement
of the signals in microRNA processing, in particular, in the
selection and transportation of mitomiR sequences between
a mitochondrion and cytoplasm.

For the considered miRNA groups, an increase in the pro-
portion of the sequences where motifs began in positions 1-3
was observed (see Fig. 1), so sequence analysis of this region,
but only for those mitomiR and non-mitomiR sequences in
which motifs has previously been found, was performed. For
the first three positions of the 5’ end of 5p- and 3p-miRNAs,
the positional frequencies of nucleotide occurrence were
calculated (Fig. 2).

In the mitomiRs from a pre-miRNA’s Sp-branch, U was
predominantly observed in the first position and G was very
rarely found, while A or G were mainly detected in the sec-
ond position (see Fig. 2, a). In non-mitomiRs, an increase in

the first position of the number of G and A nucleotides and
a decrease in the number of U were observed (see Fig. 2,
b). For the Drosha cleavage site, an inversion in 2-3 posi-
tions between G in non-mitomiRs and A in mitomiRs was
detected. For each of the three positions, the nucleotide fre-
quencies showed dependence on a miRNA type (Pearson’s
2 test of independence, p-values 2.89x 10731, 1.03 x 1028,
and 1.79x 10 for the 1, 2 and 3 positions, respectively),
while the third position demonstrated the most significant
difference in frequencies between miRNA types, in contrast
to the first and second ones.

Comparing the observed nucleotide context of the 5’ ends
for mitomiRs/non-mitomiRs with the results of a study that
investigated pre-miRNA cleavage accuracy by Drosha and
Dicer complexes (Starega-Roslan et al., 2015b), it can be
assumed that the Drosha cleavage was more accurate for the
mitomiRs from the 5p-branch of pre-miRNAs than for non-
mitomiRs, in other words, a more homogeneous 5’ end and a
corresponding seed region were formed for mitomiRs, which
may be the evidence of greater conservatism of mitomiR
functions in comparison to those of non-mitomiRs. The de-
tected signals of mitomiR cleavage homogeneity could be an
indication either of the possible existence of a more accurate
Drosha-like complex for miRNA processing in mitochondria
or of the possible compensation of inaccurate cleavage by the
nucleotide composition of the pri-miRNA sequences selected
for processing by the Drosha complex.

For the 5p-non-mitomiRs, the context shifted towards he-
terogeneous cleavage, i.e., more active site-specific miRNA
modification, and in this case, the non-mitomiRs could act as
a functional-variability factor. It can be assumed that mito-
chondria do not “tolerate” the variability of “their” miRNAs
and eliminated regulatory-sequence isoforms in the course of
evolution, so the observed mitomiRs may be the remaining
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Fig. 2. Nucleotide occurrence frequency for the first three positions starting from the 5’end of the microRNA from 5p- and
3p-branches of pre-miRNA for mitomiRs (g, ¢) and non-mitomiRs (b, d) samples in the sequences where motifs were found.

The sizes of the letters are proportional to the frequencies. The X-axis displays the position numbers in microRNA, starting from the
5"end. The arrows show the Dicer or Drosha cleavage sites. For positions 1-3 in a 5p-miRNA and for positions 1-2 in a 3p-miRNA
presented a statistically significant dependence of miRNA sequence type on nucleotide occurrence frequency for a considered
position (Pearson’s %2 test of independence, p-value 2.89x10-31, 1.03x 10728, 1.79x 10742, 1.17x 109, 3.23 x 10-10 for respective

positions).

conservative sequences that originated in the times mitochon-
drial ancestors were domesticated.

For mitomiRs and non-mitomiRs from the 3p branch of
pre-miRNA, no noticeable differences in the nucleotide
context were observed, except for the inversion in the first
position of the second and third most popular nucleotides (see
Fig. 2, c and d). Statistically significant dependence of posi-
tional nucleotide frequencies on a miRNA type was demon-
strated only at the first and second positions (Pearson’s y test
of independence, p-values: 1.17x1.17x 107 and 3.23 x 1019,
respectively). Comparison of the observed nucleotide frequen-
cies against the results obtained by (Starega-Roslan et al.,
2015b) did not allow us to make unambiguous conclusions
about the cleavage quality of the 5’ end of the 3p-miRNA by
the Dicer complex.

Conclusion

In the present study, a sample of experimentally confirmed
mitomiRs was formed and a nucleotide analysis of their
sequences was performed. For the mitomiRs/non-mitomiRs
group and the group of all microRNAs from the miRbase
database, statistically overrepresented 8-letter [UPAC mo-
tifs within miRNA sequences were found. These motifs
demonstrated that mitomiR sequences may represent a new,
non-canonical class of miRNAs. While the motifs for the
mitomiRs/non-mitomiRs group could act as signals for mito-
miR processing, e. g., participating in mitomiR transportation
to/from mitochondria or for mitomiR function implementation
through binding to targets in mitochondrial or cellular DNAs,
the motifs of the group of all microRNAs could correspond
to the signals common for the processing and functions of
miRNAs, regardless of their localization in the cell.

The nucleotide context of the mitomiRs (if compared to
that of the non-mitomiRs) near the 5’ end formed by Drosha/
Dicer cleavage could presumably indicate a more uniform
formation of the 5" end of mitomiR sequences and, thus, a
more conserved functionality of these sequences.
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