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IN SILICO IDENTIFICATION
OF EQQUS CABALLUS MIRNAS WITH THE POTENTIAL
TO AFFECT HUMAN GENE EXPRESSION

miRNAs exist that are codified by non-human genomes but are still present in circulation.These
miRNAs have been termed as xeno-miRNAs. XenomiRNAs in humans have been identified in various
exogenous sources previously. The aim of this work is to identify xeno-miRNA from Eqqus caballus
(domestic horse or in brief eca) which have analogs can bind to human genes. The MirTarget program
was used to predict miRNA binding to human gene mRNAs.The homologs of eca-miRs were identified
by using miRviewer online free available bioinformatic tool. It was identified 15 eca-miRNAs interacted
with human mRNA genes with high complementarity, AG/AGm equal to 98-100%. The characteristics of
the interaction of all known eca-miRNAs with mRNAs of human genes were identified. The total number
of binding sites for 469 miRNAs are 1605, from which 907 are in CDS, 451 in 3’UTR and 247 in 5’'UTR.
93 miRNAs each have one-target genes, 63 miRNAs have two target genes, 67 miRNAs have three to
four target genes, and 72 miRNAs have five and more target genes. The free energy of the interaction of
the considered miRNAs with the mRNAs of human genes is high and varied from -110 kj/mole to -117
kj/mole. The homology analyses revealed 140 miRNAs candidates shown to be total identical to human
miRNAs sequences.

Key words: miRNA, mRNA, milk, xeno-miRNA, Eqqus caballus.
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AAaM reHAepiHiH 3KCrnpeccUsiCbiHA dAeYyeTTi acepi 6ap
Equus caballus miRNA-H in silico maentudpukaumsinay

AAaM reHombIMeH KoaTaAManTbiH MIRNA-Aep, Gipak, apsam ar3acbiHAa TabbiAraH MiRNA-Aep
6ap, onap xeno-miRNA-Aap aen aTanaabl. Xeno-miRNA-Aap apam af3acbiHAQ OP-TYPAI 3K30TEHA|
KO3AEPAEH aHbIKTaAbIHAbL. ByA >XYMbICTbIH MakcaTbl aHAaAOrTapbl aAaM reHAepiMeH 6GarAaHbICaTbiH
Eqqus caballus (yi >biAKbICbl Hemece Kbickalua eca) xeno-miRNA-AapAbl MaeHTUDUKaLMaAQy BOAbIM
Tabbiraabl. MiIRNA meH mRNA 6aiaaHbicybl MirTarget 6araapAamacbiMeH GOAXKaM >KaCaAblHAbI, eca-
MiRNA romoAorTapbl >KeAiaeri KOAXeTIMAI OHAaiH miRviewer GuMoMHOpMaTHKaAbIK, 6araapAama
kemerimeH umaeHTUdMKaumsaadabl. AG/AGm 98-100% kepcetkiwTeri apam MRNA reHaepimeH
>KOFapbl KOMMAEMEHTapAbIKneH 6arAaHbicatbiH 15 eca-miRNA 6eariai 60aabl. beariai 17508 apam
MRNA reHaepimeH 6aiiaaHbicaTbii 6apAblk, eca-miRNA meH mRNA cunaTtamasapbl aHbikTaaabl. Eqqus
caballus-TbiH 6eAriai 469 miRNA-meH GaiAaHbICKaH >KaAmbl GarAaHbIC caiTTap caHbl 1605, OHbIH
iwinae 907-ci CDS-te, 451-3'UTR-ae, 247-5'UTR-ae opHarackaH. 93 miRNA 6ip HbicaHa reHmeH,
63 miRNA eki HbicaHa reHmeH, 67 MiRNA yLITeH TOpPT HbiCaHa reHre AeiiH, aa 72 miRNA 6ecteH ken
reHmeH 6aiAaHbICTbl. KapacTtbipbiarad MiRNA-meH mMRNA 60c 6aiAaHbIC 3HEPTMst 9CEPAECYi XKOFapbl
-110 KAX/MOAb — -117 KAX/MOAb apaAblFblH KypaitAbl. [OMOAOMMSAbIK, aHaAM3 aaam MiRNA-men
ToAbIKTar ykcac 140 kaHaMAaT eca-miRNA-Ai naeHTMdMKaumsaaan 6epai.

Ty#in cesaep: miRNA, mRNA, cyTt, xeno-miRNA, Eqqus caballus.
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In silico uaentndpukaums miRNA Eqqus caballus
C NOTEHLUMAAbHbIM BO3AEHCTBMEM HA SKCMPECCUIO TeHOB YeAOBeKa

CyuiectByioT miRNA, KOTOpble HE KOAMPYIOTCS FEHOMOM 4YeAoBeKka, HO O6GHapy>XXMBAIOTCS B
opraHmsme. Mx HasbiBaioT xeno-miRNA. xeno-miRNA y Aloaeit 6bIAM 0BHApY>KeHbI M3 PasAMYHbIX
3K30r€HHbIX MCTOYHMKOB. LleAbto AaHHOM paboThl aBASETCS naeHTudMKaums xeno-miRNA 13 Eqqus
caballus (AoMaliHSIS AOWIAAb MAM BKpaTLE eca), aHaAOrM KOTOPOW MOrYyT CBS3bIBAaTbCS C reHamu
yenoBeka. CgasbiBaHMe MiRNA ¢ mRNA reHoB uyeaoBeka MpeACKasbiBaAM C MOMOLLbIO MPOrpammbl
MirTarget. Tomororn eca-miRNA ObiAM MAEHTU(UUMPOBAHbI C MOMOLLIBID CBOOOAHO AOCTYMHOrO
OHAaMH-OMONHGOpPMaTMUYeCKoro mMetoaa miRviewer. bbiano mMaeHTUdMUMpoBaHO 15 eca-miRNA,
B3aMMOAENCTBYIOWMX C reHamn MRNA yeAoBeka € BbICOKOM KOMMIAEMEHTapHOCTbIo, ¢ AG/AGm paBHOM
98-100%. BblIsSIBAEHbI XapakTEepPUCTUKN B3aMMOAENCTBUS BCex M3BeCTHbIX eca-miRNA ¢ mRNA reHos
yeaoBeka. ObLIee KOAMUYECTBO CalTOB CBA3bIBaHMS A 469 MIRNA cocTtaasiet 1605, 13 kotopbix 907
HaxopaTcs B CDS, 451 —B 3’'UTR 1 247 — B 5’UTR. 93 miRNA nmetloT no oAHOMy reHy-muiieHu, 63 miR-
NA mMmeloT no ABa reHa-muiueHn, 67 miRNA MMeloT OT Tpex A0 YeTblipex reHoB-MulleHer, a 72 miRNA
UMEIOT NsiTb U 6oAee reHoB-mueHen. CBOOOAHAs SHEPIUS B3AMMOAENCTBUS PACCMATPMBAEMbIX MiR-
NA ¢ mRNA reHoB yeAoBeKa BblCOKa M BapbupyeT oT -110 KAX / MOAb A0 -117 KAX / MOAb. AHaAM3
roMoAormmn BbiBUA 140 kaHAMAATHbIX eca-miRNA, KOTopble 0Ka3aAMCb MOAHOCTbIO MAEHTUYHBbIMM

nocaepoBateAbHoCcTIM MiRNA yeaoBeka.

Kaouesblie caoBa: miRNA, mRNA, moaoko, xeno-miRNA, Eqqus caballus.

Abbreviations

miRNA — microRNA;
xeno-miRNA — xenomiRs;
NF — kB transcription factor,
IL2 — interleukin 2,

Hsa — Homo sapiens.

Introduction

MicroRNAs are defined as short, typically ap-
proximately 22 nucleotide-long noncoding RNAs.
Mechanistically, they are generated by the action of
ribonuclease (RNAse) III Dicer activity on precur-
sor transcripts [1, 2]. The Dicer complex’s miRNAs
then play an important part in the posttranscriptional
control of gene expression: complementary messen-
ger RNAs are degraded or have their translational
suppression mediated by the so-called Ago-complex
(mRNAs), repression can be complete or partial
[1,3].

Plants and mammals both have miRNAs. Over-
all, they have been predicted to control up to 60%
of all human genes [4], thereby modulating virtu-
ally every aspect of human physiology and health,
including cancer [5], brain development [6], fat stor-
age [7], hematopoiesis, or immunity [8, 9, 10].

Certain presently less characterized miRNA
subclasses may resist degradation in the gastro-in-
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testinal tract and then be dietary taken up and further
distributed by the body circulation. These miRNAs
have been termed as xenomiRs. XenomiRs have
been found in a variety of exogenous sources, in-
cluding both human and animals sources [11]. The
suspected main route of entry into human is by the
diet when animal products are ingested. Exosomes
containing miRNA from bovine milk, for example,
have been found to penetrate the circulatory system
of humans [12].

Milk is an important biological nutrient, it’s
the only option diet for babies that ensures their
development and health in the short and long term
[13, 14].

From an evolutionary perspective it is remark-
able that fresh milk has been consumed for thou-
sands of years in Central Asia and neighbouring
regions. Herodotus in the 5th century BC described
how Scythians used to consume it [15]. Therefore, it
is conceivable that since the neolithicum cross-spe-
cies co-evolutionary adaptions may have occured
between eca and human for example.

High levels of miRNAs are detected in secreted
body fluids including serum, urine, saliva, seminal
fluid, and milk [16, 17]. Milk-derived miRNAs are
also secreted by the lactating mammary epithe-
lial cell in exosomes, which are microvesicles of
~30-100 nm that are packaged and secreted into
extracellular fluids [18]. Recently, there has been
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much interest in milk-derived miRNAs as potential
regulators of the neonatal gastrointestinal and im-
mune systems [19]. MiRNAs in milk from a variety
of sources animals have been detected in the same
way as other bodily fluids [20, 21] milk microRNAs
have paved the way for prognostic, diagnostic, and
functional investigations [22], because milk is the
biological fluid with the largest concentration of
miRNAs [23].

Materials and Methods

The nucleotide sequences of the 17508 mRNAs
of targeted genes were downloaded from NCBI
GenBank  (http://www.ncbi.nlm.nih.gov).  The
nucleotide sequences of the miRNAs were taken
from miRBase v.22 (http://www.mirbase.org/). 690
miRNAs encoded by the Equus caballus genome
are available in the miRBase database. The miR-
NA BSs in the mRNAs of several genes were pre-
dicted using the MirTarget program [24, 25]. This
program defines the following features of miRNA
binding to mRNA: a) the initiation of the miRNA
binding to the mRNAs from the first nucleotide of
the mRNAs; b) the localization of the miRNA BSs
in the 5'-untranslated region (5'UTR), coding do-
main sequence (CDS), and 3'-untranslated region
(3'UTR) of the mRNAs; c) the schemes of nucleo-
tide interactions between miRNAs and mRNAs d)
the free energy of the interaction between miRNA
and the mRNA (AG, kj/mole); and the ratio AG/
AGm (%) is determined for each site (AGm equals
the free energy of the miRNA binding with its fully
complementary nucleotide sequence). The MirTar-
get program finds hydrogen bonds between adenine
(A) and uracil (U), guanine (G) and cytosine (C), G
and U, and A and C. The free energy of interactions
(AG) a pair of G and C is equal to 6.37 kj/mole, a
pair of A and U is equal to 4.25 kj/mole, G and U,
A and C equal to 2.12 kj/mole [26]. The distances
between the bound A and C (1.04 nm) and G and
U (1.02 nm) are similar to those between bound G
and C, A and U, which are equal to 1.03 nm [27, 28,
29]. The numbers of hydrogen bonds in the G-C,
A-U, G-U, and A-C interactions were 3, 2, 1, and
1, respectively. By comparison, MirTarget differs
from other programs in terms of finding the BSs of
miRNA on the mRNAs of plant genes [30] in that 1)
it takes into account the interaction of the miRNA
with mRNA over the entire miRNA sequence; 2)
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it takes into account non-canonical pairs G—U and
A—C; and 3) it calculates the free energy of the inter-
action of the miRNA with mRNA, and when two or
more miRNAs are bound with one mRNA or, if the
BSs of two different miRNAs coincide in part, the
preferred miRNA binding site is considered to be
the one for which the free binding energy is greater.
The adequacy of the program in terms of finding
BSs has been confirmed in several publications [31,
32,33, 34]. The MirTarget program predicts the BSs
of plant and animal miRNAs equally welln [35, 36].
The horse homologs of 140 miRs were identified by
using miRviewer online bioinformatic tools which
defined the homolog miRNAs by integrating their
molecular and structural properties with the results
of the BLAST program [37].

Results and Discussion

Characteristics of interactions of eca-miRNAs
with human mRNA genes with high complementarity

The table 1 shown the nucleotide sequences
of eca-miR-135a, eca-miR-8915, eca-miR-151-
5p, eca-miR-1905¢, eca-miR-127, eca-miR-136,
eca-miR-431, eca-miR-432, eca-miR-433, eca-
miR-1282 and eca-miR-9046 BSs that are fully
complementary to 10 mRNAs of human genes. The
RTLI gene with AG/AGm=100 % with absolute
conservative previously shown earlier [34]. Single
miRNA eca-miR-1905a has 99% of complementar-
ity; other miRNAs eca-miR-1905b, eca-miR-8910
and eca-miR-196a have 98% of complementarity.
Mainly BSs are located in the CDS, four mRNAs
have BSs in the 3’UTR and the free energy of in-
teraction of miRNAs with mRNAs of these genes
ranges from -110 to -140 kj/mole. Seven miRNAs
were identical to human miRNAs.

The interaction of nucleotides of miRNAs and
mRNAs of target genes show how effectively these
molecules bind. The creation of hydrogen bonds be-
tween all of the nucleotides of miRNAs and their
binding sites in mRNAs is illustrates in Figure 1.

Characteristics of the interaction of eca-miR-
NAs with mRNA of human genes

The total number of 690 miRNAs of Equus ca-
ballus are known in mirBase. Of the 690 known
horse miRNAs 469 had BSs with human genes. All
miRNAs were searched for 17 508 human target
genes. The 907 BSs are located in CDS, 451 BSs are
located in 3’UTR and 247 BSs in 5’UTR.
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Table 1 — Characteristics of interactions of eca-miRNAs and human mRNA genes with high complementarity

. . Region of AG, AG/AGm, Length,

Gene eca-miRNA Start of site, nt m%RN A KU/mole o, ngt
GLYCTK eca-miR-135a* 2812 3’UTR -113 100 23
H2AFX eca-miR-8915 398 CDS -136 100 24
H2AFJ eca-miR-8915 460 CDS -136 100 24
HISTIH2A4J eca-miR-8915 325 CDS -136 100 24
LPPRS5 eca-miR-151-5p* 1328 3’UTR -113 100 21
LYPD3 eca-miR-151-5p* 1608 3’UTR -113 100 21
MEX3A4 eca-miR-1905¢ 693 CDS -144 100 25
RTLI eca-miR-127* 1792 CDS -121 100 22
RTLI eca-miR-136 111 CDS -110 100 22
RTLI eca-miR-431 3800 CDS -127 100 23
RTLI eca-miR-432* 330 CDS -123 100 23
RTLI eca-miR-433* 2878 CDS -119 100 22
SERF?2 eca-miR-1282* 1072 CDS -102 100 20
KBTBDI13 eca-miR-9046 1144 CDS -140 100 25
MEX3B eca-miR-1905a 942 CDS -140 99 25
LRFN2 eca-miR-8910 1984 CDS -134 98 25
MEX34 eca-miR-1905b 693 CDS -123 98 22
HOXBS eca-miR-196a* 1378 3’UTR -110 98 22

*Identical miRNAs with human

Gene, miRNA, start of site, region, AG, AG/AGm, nt

Gene, miRNA, start of site, region, AG, AG/AGm, nt

GLYCTK, eca-miR-135a, 2812, 3’UTR, -112, 100, 23
5’ - UCACAUAGGAAUAAAAAGCCAUA - 3’

FLELELE et
3’ - AGUGUAUCCUUAUUUUUCGGUAU - 5’

RTLI, eca-miR-127, 1792, CDS, -121, 100, 22
5’ - AGCCAAGCUCAGACGGAUCCGA - 3’

U Ry
3’ - UCGGUUCGAGUCUGCCUAGGCU - 5’

H2AFX, eca-miR-8915, 398, CDS, -136, 100, 24
5’ - CUGCCCAACAUCCAGGCCGUGCUG - 3’

U e
3’ - GACGGGUUGUAGGUCCGGCACGAC - 5’

RTLI, eca-miR-136, 111, CDS, -110, 100, 22
5’ - CCAUCAUCAAAACAAAUGGAGU - 3’

R
3’ - GGUAGUAGUUUUGUUUACCUCA - 5’

H2A4FJ, eca-miR-8915, 460, CDS, -136, 100, 24
5’ - CUGCCCAACAUCCAGGCCGUGCUG - 3’

U
3’ - GACGGGUUGUAGGUCCGGCACGAC - 5’

RTLI, eca-miR-431, 3800, CDS, -127, 100, 23
5’ - CCUGCAUGACGGCCUGCAAGACA - 3’

U O
3’ - GGACGUACUGCCGGACGUUCUGU - 5’

HISTIH24J, eca-miR-8915, 325, CDS, -136, 100, 24
5’ - CUGCCCAACAUCCAGGCCGUGCUG - 3’

U R
3’ - GACGGGUUGUAGGUCCGGCACGAC - 5’

RTLI, eca-miR-432, 330, CDS, -123, 100, 23
5’ — CCACCCAAUGACCUACUCCAAGA - 3’

U R Ry
3’ - GGUGGGUUACUGGAUGAGGUUCU - 5’

LPPRS5, eca-miR-151-5p, 1328, 3°UTR, -112, 100, 21
5’ - ACUAGACUGUGAGCUCCUCGA - 3’

R R
3’ - UGAUCUGACACUCGAGGAGCU - 5’

RTLI, eca-miR-433, 2878, CDS, -119, 100, 22
5’ — ACACCGAGGAGCCCAUCAUGAU - 3’

U U R
3’ - UGUGGCUCCUCGGGUAGUACUA - 5’

LYPD3, eca-miR-151-5p, 1608, 3°’UTR, -112, 100, 21
5’ - ACUAGACUGUGAGCUCCUCGA - 3’

R R
3’ - UGAUCUGACACUCGAGGAGCU - 5’

SERF?2, eca-miR-1282, 1072, CDS, -102, 100, 20
5’ - AAGCAGAAAAAGGCAAACGA - 3’

U
3’ - UUCGUCUUUUUCCGUUUGCU - 5’

MEFEX3A4, eca-miR-1905c, 693, CDS, -144, 100, 25
5’ - CUACCGCGUGGUGGGGCUGGUGGUG - 3’

R R
3’ - GAUGGCGCACCACCCCGACCACCAC - 5’

KBTBDI13, eca-miR-9046, 1144, CDS, -140, 100, 25
5’ — CUGCCCGGCCAGUUCGUCAACAGCA - 3’

Uy
3’ - GACGGGCCGGUCAAGCAGUUGUCGU - 5’

Figure 1 — Shemes of the interaction of nucleotide sequences of eca-miRNAs and mRNA human genes
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A total number of 93 miRNAs with one-target
genes were identified, in this group there were sev-
eral miR-3p/mir-5p pairs: eca-miR-340-3p and eca-
miR-340-5p, eca-miR-508-3p and eca-miR-508-5p
that originating from the same-pre-miRNA, have
binding sites in mRNAs of different genes. We ar-
ranged the data into several groups: in the group of
63 miRNAs with two target genes, there were eca-
miR-146b-3p and eca-miR-146-5p pairs that origi-
nated from same pre-miRNA (Table 2).

MiRNAs with three and four genes have a to-
tal of 126 target genes. A total of 67 miRNAs with
three to four target genes were identified. There are
229 target genes for 67 miRNAs in total. The miR-
NAs number with five and more genes is 72, miR-
NAs with the most number of target genes are eca-
miR-8989 (65 genes), eca-miR-9159 (48 genes),
eca-miR-1892 (36 genes), and eca-miR-9164 (24
genes), eca-miR-324-3p (23 genes), eca-miR-326
(20 genes). The total number of target genes for

72 miRNAs is 815. Eca-miR-345-3p and eca-miR-
345-5p origin same pre-miRNA. As a result, these
miRNAs could drastically alter the metabolism of
recipient human cells at high concentrations.

Table 2 shows the characteristics of the bind-
ing of some eca-miRNAs to mRNAs of human
genes. Each of the 15 miRNAs bind to mRNAs of
one target gene, eca-miR-124 has one target gene,
eca-miR-1193 has two target genes, and eca-miR-
107a has three target genes with a value AG/AGm of
89-91 %. Eca-miR-145 has four, eca-miR-296 five
target genes and eca-miR-346-5p six target genes
with a value AG/AGm of 89-91%. The free energy
of miRNA interactions with these genes’ mRNAs
ranged from -110 kj/mole to -117 kj/mole. 20 tar-
get genes are associated with eca-miR-326 with
value AG/AGm equal to 89-94%. The miRNAs eca-
miR-146b-3p and eca-miR-146b-5p bind in CDS,
3’UTR, 5’UTR and related NF-kB signaling in in-
nate immune responses [38].

Table 2 — Characteristics of interaction eca-miRNAs with mRNAs of human genes

Gene eca-miRNA Start of site, nt lefli{)ﬁ:f kl/An(l}(;le AG/AGm % Length, nt
ADAMTS7 eca-miR-107a 1460 CDS -110 91 23
APOLDI eca-miR-107a 656 CDS -108 89 23
IGHMBP?2 eca-miR-107a 365 CDS -108 89 23
MGRNI eca-miR-124 4003 3’UTR -102 92 20
SNX24 eca-miR-145 951 3’UTR -110 90 23
ARNTL eca-miR-145 1867 CDS -110 90 23
PRICKLE4 eca-miR-145 1024 CDS -113 91 23
Wwox eca-miR-145 1154 CDS -110 90 23
CLDNDI eca-miR-146b-3p 345 5’UTR -110 91 22
MIS12 eca-miR-146b-3p 606 5’UTR -110 91 22
NCKAPS eca-miR-146b-5p 2404 CDS -102 91 22
MOB3C eca-miR-146b-5p 1002 3’UTR -102 91 22
ESAM eca-miR-296 1553 3’UTR -110 90 22
TMEM198 eca-miR-296 1644 3°’UTR -110 90 22
RNF214 eca-miR-296 483 CDS -110 90 22
ZNF250 eca-miR-296 983 CDS -110 90 22
ZNF598 eca-miR-296 1806 CDS -110 90 22
POLR3A4 eca-miR-340-3p 2716 CDS -106 89 23
NCOA7 eca-miR-340-5p 6034 3’UTR -100 94 22
HBZ eca-miR-345-3p 490 3’UTR -110 90 22
SCRTI eca-miR-345-3p 2699 3’UTR -110 90 22
TCLIB eca-miR-345-3p 817 3’UTR -110 90 22
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Table continuation

Gene eca-miRNA Start of site, nt Rni%li{)ﬁ:f kl/An?c;le AG/AGm % Length, nt
C9orf131 eca-miR-345-3p 2291 CDS -113 91 22
HRC eca-miR-345-3p 1491 CDS -110 90 22
ITGA7 eca-miR-345-3p 2007 CDS -110 90 22
NOSI eca-miR-345-3p 1246 CDS -110 90 22
PRKCG eca-miR-345-3p 2247 CDS -110 90 22
PRRT3 eca-miR-345-3p 1339 CDS -110 90 22
PTCHD?2 eca-miR-345-3p 292 CDS -110 90 22
ELFN2 eca-miR-346-5p 6433 3’UTR -115 89 23
DNAJCS eca-miR-346-5p 194 5’UTR -115 89 23
NFIA eca-miR-346-5p 127 5’UTR -115 89 23
CAMSAP?2 eca-miR-346-5p 97 5’UTR -117 90 23
TENM4 eca-miR-346-5p 35 5’UTR -117 90 23
BAI2 eca-miR-346-5p 2168 CDS -117 90 23
RYBP eca-miR-508-3p 823 CDS -104 39 23
RNASEL eca-miR-508-5p 1550 CDS -108 89 23
EML4 eca-miR-1193 143 5’UTR -100 90 21
SOWAHB eca-miR-1193 1911 CDS -100 90 21
APEH eca-miR-326 725 CDS -110 91 21
ATG7 eca-miR-326 2928 3’UTR -113 93 21
ATXNI eca-miR-326 3622 3’UTR -110 91 21
AZIl eca-miR-326 3287 CDS -110 91 21
C2orf54 eca-miR-326 2250 3’UTR -113 93 21
EHD3 eca-miR-326 637 CDS -110 91 21
FGF23 eca-miR-326 852 CDS -113 93 21
FZD10 eca-miR-326 2236 3’'UTR -113 93 21
GIGYF1 eca-miR-326 4902 3’UTR -110 91 21
HEMKI1 eca-miR-326 703 CDS -115 95 21
KIFC2 eca-miR-326 1707 CDS -110 91 21
KRBAI eca-miR-326 950 CDS -113 93 21
LOXHDI eca-miR-326 2727 CDS -110 91 21
LRRNA4CL eca-miR-326 977 CDS -113 93 21
MAPIA eca-miR-326 8687 CDS -110 91 21
MYL9 eca-miR-326 876 3’UTR -110 91 21
RASSF1 eca-miR-326 1280 3’UTR -110 91 21
SLC22417 eca-miR-326 1570 CDS -110 91 21
STYK1 eca-miR-326 1100 CDS -110 91 21
TNS1 eca-miR-326 8712 3’'UTR -110 91 21
CLDNDI eca-miR-146b-3p 345 5’UTR -110 91 22
MISI2 eca-miR-146b-3p 606 5’UTR -110 91 22
MOB3C eca-miR-146b-5p 1002 3’UTR -102 91 22
NCKAPS5 eca-miR-146b-5p 2404 CDS -102 91 22
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Characteristics of the interaction of Human ho-  gram searched homologs of this miRNAs. Our ho-
mologs eca miRNAs with mRNA of human genes mology analyses revealed 140 miRNAs candidates

In our bioinformatics analyses, we identified  shown to be 100% similar to human miRNA se-
human homolog miRNA candidates in Equus ca-  quence. The list of 140 miRNAs in this study given
balus miRNAs. The miRviewer and miRBase pro-  in table 3.

Table 3 — Equus caballus homologs miRNAs with human miRNAs

Horse miRNAs

eca-let-7d, eca-let-7e, eca-let-7g, eca-miR-103, eca-miR-105, eca-miR-106b, eca-miR-107b, eca-miR-1185, eca-miR-122, eca-
miR-125a-3p, eca-miR-125a-5p, eca-miR-125b-5p, eca-miR-1264, eca-miR-127, eca-miR-128, eca-miR-1289, eca-miR-1291a,
eca-miR-1296, eca-miR-1298, eca-miR-129a-5p, eca-miR-129b-5p, eca-miR-130a, eca-miR-130b, eca-miR-132, eca-miR-133a,
eca-miR-133b, eca-miR-135a, eca-miR-135b, eca-miR-141, eca-miR-145, eca-miR-146a, eca-miR-148a, eca-miR-148b-3p,
eca-miR-149, eca-miR-151-5p, eca-miR-15b, eca-miR-183, eca-miR-186, eca-miR-187, eca-miR-188-3p, eca-miR-188-5p, eca-
miR-18a, eca-miR-191a, eca-miR-192, eca-miR-193b, eca-miR-194, eca-miR-196a, eca-miR-196b, eca-miR-197, eca-miR-199a-
5p, eca-miR-199b-5p, eca-miR-199b-3p, eca-miR-19a, eca-miR-19b, eca-miR-200b, eca-miR-205, eca-miR-20a, eca-miR-20b,
eca-miR-21, eca-miR-212, eca-miR-214, eca-miR-216a, eca-miR-216b, eca-miR-217, eca-miR-221, eca-miR-222, eca-miR-223,
eca-miR-23a, eca-miR-27a, eca-miR-27b, eca-miR-28-3p, eca-miR-28-5p, eca-miR-29a, eca-miR-29b, eca-miR-301a, eca-miR-
301b-3p, eca-miR-302b, eca-miR-30c, eca-miR-30d, eca-miR-30e, eca-miR-31, eca-miR-323-3p, eca-miR-328, eca-miR-330,
eca-miR-331, eca-miR-335, eca-miR-33b, eca-miR-346, eca-miR-34c, eca-miR-361-5p, eca-miR-370, eca-miR-376c, eca-
miR-379, eca-miR-381, eca-miR-383, eca-miR-423-3p, eca-miR-423-5p, eca-miR-424, eca-miR-432, eca-miR-433, eca-miR-448,
eca-miR-450a, eca-miR-454, eca-miR-485-3p, eca-miR-485-5p, eca-miR-486-5p, eca-miR-487b, eca-miR-490-5p, eca-miR-491-
3p, eca-miR-491-5p, eca-miR-492, eca-miR-495, eca-miR-496, eca-miR-497, eca-miR-499-3p, eca-miR-499-5p, eca-miR-500,
eca-miR-502-3p, eca-miR-502-5p, eca-miR-505, eca-miR-509-5p, eca-miR-551a, eca-miR-551b, eca-miR-582-5p, eca-miR-598,
eca-miR-628a, eca-miR-652, eca-miR-671-3p, eca-miR-671-5p, eca-miR-708, eca-miR-711, eca-miR-761, eca-miR-873, eca-
miR-874, eca-miR-876-5p, eca-miR-92a, eca-miR-92b, eca-miR-93, eca-miR-99b, eca-miR-99a

Human miRNAs

hsa-let-7d-5p, hsa-let-7e-5p, hsa-let-7g-5p, hsa-miR-103a-3p, hsa-miR-105-5p, hsa-miR-106b-5p, hsa-miR-107, hsa-miR-1185-
5p, hsa-miR-122-5p, hsa-miR-125a-3p, hsa-miR-125a-5p, hsa-miR-125b-5p, hsa-miR-1264, hsa-miR-127-3p, hsa-miR-128-3p,
hsa-miR-1289, hsa-miR-1291, hsa-miR-1296-5p, hsa-miR-1298-5p, hsa-miR-129-5p, hsa-miR-129-1-3p, hsa-miR-130a-3p,
hsa-miR-130b-3p, hsa-miR-132-3p, hsa-miR-133a-3p, hsa-miR-133b, hsa-miR-135a-5p, hsa-miR-135b-5p, hsa-miR-141-3p,
hsa-miR-145-5p, hsa-miR-146a-5p, hsa-miR-148a-3p, hsa-miR-148b-3p, hsa-miR-149-5p, hsa-miR-151a-5p, hsa-miR-15b-5p,
hsa-miR-183-5p, hsa-miR-186-5p, hsa-miR-187-3p, hsa-miR-188-3p, hsa-miR-188-5p, hsa-miR-18a-5p, hsa-miR-191-5p, hsa-
miR-192-5p, hsa-miR-193b-3p, hsa-miR-194-5p, hsa-miR-196a-5p, hsa-miR-196b-5p, hsa-miR-197-3p, hsa-miR-199a-5p, hsa-
miR-199b-5p, hsa-miR-199a-3p, hsa-miR-19a-3p, hsa-miR-19b-3p, hsa-miR-200b-3p, hsa-miR-205-5p, hsa-miR-20a-5p, hsa-
miR-20b-5p, hsa-miR-21-5p, hsa-miR-212-3p, hsa-miR-214-3p, hsa-miR-216a-5p, hsa-miR-216b-5p, hsa-miR-217-5p, hsa-miR-
221-3p, hsa-miR-222-3p, hsa-miR-223-3p, hsa-miR-23a-3p, hsa-miR-27a-3p, hsa-miR-27b-3p, hsa-miR-28-3p, hsa-miR-28-5p,
hsa-miR-29a-3p, hsa-miR-29b-3p, hsa-miR-301a-3p, hsa-miR-301b-3p, hsa-miR-302b-3p, hsa-miR-30c-5p, hsa-miR-30d-5p,
hsa-miR-30e-5p, hsa-miR-31-5p, hsa-miR-323a-3p, hsa-miR-328-3p, hsa-miR-330-5p, hsa-miR-331-3p, hsa-miR-335-5p, hsa-
miR-33b-5p, hsa-miR-346, hsa-miR-34c-5p, hsa-miR-361-5p, hsa-miR-370-3p, hsa-miR-376¢-3p, hsa-miR-379-5p, hsa-miR-
381-3p, hsa-miR-383-5p, hsa-miR-423-3p, hsa-miR-423-5p, hsa-miR-424-5p, hsa-miR-432-5p, hsa-miR-433-3p, hsa-miR-448,
hsa-miR-450a-5p, hsa-miR-454-3p, hsa-miR-485-3p, hsa-miR-485-5p, hsa-miR-486-5p, hsa-miR-487b-3p, hsa-miR-490-5p,
hsa-miR-491-3p, hsa-miR-491-5p, hsa-miR-492, hsa-miR-495-3p, hsa-miR-496, hsa-miR-497-5p, hsa-miR-499a-3p, hsa-miR-
499a-5p, hsa-mir-500a, hsa-miR-502-3p, hsa-miR-502-5p, hsa-miR-505-3p, hsa-miR-509-5p, hsa-miR-551a, hsa-miR-551b-3p,
hsa-miR-582-5p, hsa-miR-598-3p, hsa-miR-628-5p, hsa-miR-652-3p, hsa-miR-671-3p, hsa-miR-671-5p, hsa-miR-708-5p, hsa-
miR-711, hsa-miR-761, hsa-miR-873-5p, hsa-miR-874-3p, hsa-miR-876-5p, hsa-miR-92a-3p, hsa-miR-92b-3p, hsa-miR-93-3p,
hsa-miR-99b-5p, hsa-miR-99a-5p.

hsa-let-7d-5p, hsa-let-7e-5p, hsa-let-7g-5p, hsa-miR-141-3p, hsa-miR-146a-5p, hsa-miR-148a-3p, hsa-miR-191-5p, hsa-miR-
21-5p, hsa-miR-223-3p, hsa-miR-27b-3p, hsa-miR-29a-3p, hsa-miR-29b-3p, hsa-miR-30c-5p, hsa-miR-30d-5p — associated
with pathological and immune responses

The number of target genes for homolog NAs bind one to 39 target genes. The miRNAs
miRNAs Equus caballus is 342. Total of 369 BSs  with the largest number of target genes are eca-
mainly of them (239) are located in the CDS, 98  miR-671-5p (39 genes), eca-miR-151-5p (11
BSs in the 3’UTR, 32 BSs in the 5’UTR. MiR-  genes).
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Eca-miR-125a-3p and eca-miR-125a-5p; eca-
miR-188-3p and eca-miR-188-5p; eca-miR-199b-
3p and eca-miR-199b-5p; eca-miR-28-3p and eca-
miR-28-5p; eca-miR-423-3p and eca-miR-423-5p;
eca-miR-502-3p and eca-miR-502-5p; eca-miR-
671-3p and eca-miR-671-5p, originating from the
same pre-miRNA, have binding sites in the mRNAs
of several genes.

Identical eca-miR-127, eca-miR-135a, eca-miR-
196a, eca-miR-432, eca-miR-433 are fully comple-
mentary to mRNAs of RTLI, GLYCTK, HOXBS
genes (Table 1). The RTLI gene binds with -123 kj/
mole.

Table 4 shown similar sequence of some eca-
miRNAs, all of 140 eca-miRNAs nucleotide se-
quence were searched. The free energy of the miR-
NAs with the mRNAs of these genes chosen higher
-100 kj/mole.

We found that the major miRNAs identified in
eca largely homolog with those reported in human
milk. This suggests a conserved evolutionary a pro-
cedure that causes certain milk miRNAs to be re-
leased [39, 40, 41, 42, 22, 43].

Animal and human miRNAs have been iden-
tified to be homologous. Mir-155, which may be
found in milk from both bovine and human sourc-
es, was sequenced and found to have a high pro-
portion of sequence similarity. As a result, the ex-
istence of such similar miRNAs may result in ob-
servable physiological reactions. Similar sequence
similarities have also been found in miR-21-5p and

miR30a-5p sequences in human and bovine sam-
ples [44].

Let-7 family members such as let-7a-5p, let-7b-
5p, and let7f, as well as miR-148a, have been dem-
onstrated to decrease the immunological response
by influencing the transcription factor NFB (Table
5) were found to be conserved in humans, cows,
pigs, and pandas, indicating that it plays an impor-
tant role in immune modulation [42].

Table 4 — Homolog sequence of eca and hsa miRNAs

miRNA

Sequence

eca-miR-141

UAACACUGUCUGGUAAAGAUGG

hsa-miR-141-3p

UAACACUGUCUGGUAAAGAUGG

eca-miR-146a

UGAGAACUGAAUUCCAUGGGUU

hsa-miR-146a-5p

UGAGAACUGAAUUCCAUGGGUU

eca-miR-148a

UCAGUGCACUACAGAACUUUGU

hsa-miR-148a-3p

UCAGUGCACUACAGAACUUUGU

eca-miR-191a

CAACGGAAUCCCAAAAGCAGCUG

hsa-miR-191-5p

CAACGGAAUCCCAAAAGCAGCUG

eca-miR-223

UGUCAGUUUGUCAAAUACCCCA

hsa-miR-223-3p

UGUCAGUUUGUCAAAUACCCCA

eca-miR-29a

UAGCACCAUCUGAAAUCGGUUA

hsa-miR-29a-3p

UAGCACCAUCUGAAAUCGGUUA

eca-miR-29b

UAGCACCAUUUGAAAUCAGUGUU

hsa-miR-29b-3p

UAGCACCAUUUGAAAUCAGUGUU

Table 5 — Immune response of miRNAs expressed during lactation period

miRNA Immune response References
. Targets cancer-related (TGIF-2) and drug metabolism-related PXR genes, making it a
miR-148a-3p potential biomarker for milk quality control. [43], [46], [47]
MiR-30d-5 downstream target DRP1 promote cellular invasion and immunosuppression by direct [48]
p targeting of GALNT?7, increased synthesis of immunosuppressive cytokine IL-10
miR-30c-2-5p Involved in oncogenesis and mmunosuppression [49]
. Colorectal cancer biomarker, primary effusion lymphoma biomarker, hepatocellular
miR-191-5p carcinoma biomarker [50, 51, 32]
miR-21-5p TLR4 inhibition by targeting the tumor suppressor PDCD4 Modulation of IL-12 [53]
. Destabilization of lipopolysaccharide-mediated PPAR mRNA abundance, linked to
miR-27b-3p chronic inflammatory disorders [54]
miR-146b-5p Innate immunological responses and NF-kB signaling [38]

MiR223 has been found to function as a mono-
cyte differentiation factor and to have a role in
granulocyte proliferation and activation [55, 56],
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Other miRNAs linked to pathological and im-
mune responses include miR-29a-3p (target inter-
feron, suppresses immune response to intracellular
pathogens), miR-141-3p (biomarker for colon can-
cer), and hsa-miR-223, whose targets tend to be T
and granulocyte cell populations, and thus affect the
developmental stage of adaptive immune response
in infants [58].

The expression of hsa-miR-191-5p and the num-
ber of CD4+ T-cells were identified. miR-29b found
in bovine milk tends to target the runt-related tran-
scription factor-2 (RUNX2) [58]. Immune-related
miRNAs in human breast milk contains exosomal
vesicles. In mammals, miRNAs and their potential
role in interindividual communication has been sug-
gested after the demonstration of their presence in
both cow and human breast milk [44].

A recently published bioinformatics analysis
based on homology modelling between animal and
human miRNA tried to address this issue by ana-
lyzing also the probability that xenomiR might be
transported accross cell membranes, thereby aug-
menting their potential to regulate human mRNAs
[59]. In the last years, there has been a steady growth

in interest in milk miRNAs, accompanied by a per-
sistent debate about the bioactivity of cross-species
or inter-individual microRNA transfer through the
diet. Certain miRNAs that are codified by non-hu-
man genomes might be ingested and then might be
presented to human cells in the blood stream by cir-
culation

Conclusion

The obtained results indicate that Equus ca-
ballus have a large number of similar miRNAs
with human miRNAs. The results also revealed
that a single miRNA could bind to one to several
mRNA target genes. In addition to the identical
with human miRNAs, eca-miRNAs were found to
have high complementarity with human mRNA
genes. Binding sites miRNAs with high comple-
mentarity to mRNA genes were located in the
CDS region.
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