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Abstract

Objective

The existence of molecular relationship between different organisms through diet-derived plant
miRNASs is one of the most challenging debates of the last decade. Considering the mutual
relationship between plants and pollinating insects, including honey bee as the most important
pollinating insect, the aim of the present study is to investigate the existence of molecular
relationship in the interaction between plants and honey bee through plant-derived xenomiRs can

be very important and create a new perspective of the beneficial effects of this relationship.

Materials and methods

Pollen was collected by pollen trap device from honey bee colonies that were located near Sidr
trees. Honey bees were fed under controlled conditions in two groups (fed by Sidr pollen as
treatment and fed by sugar syrup as control). Following the feeding experiments, the bees were
anesthetized using cold and their midgut tissue was collected and used for RNA extraction. After
the Small RNA sequencing of the samples, the identification of pollen miRNAs and their tracking

in the bee body was done using different bioinformatics analysis. Finally, the target genes of the
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detected plant miRNAs in the bee body and the molecular pathway involved by them were

determined.

Results

The results of bioinformatics analysis indicate the detection of eleven plant miRNAs including
miR-148a, miR-26a, miR-21-5p, miR-143, miR-27a,miR-203, let-7g, miR-126, miR-206, miR-
30d and miR-199b into the tissue of honey bees fed by Sidr pollen. miRNAs participate in various
biological processes through their target genes. In the present study, 99 target genes for the
detected plant miRNAs were predicted in honey bee genome. The result of KEGG pathway

analysis showed that target genes are significantly involved in 23 different biological pathways.

Conclusions

The result of the current study clearly present the role of plant-derived xenomiRs in the regulation
of honey bee gene expression. Therefore on one hand, these findings extend our understanding of
the molecular interaction between honey bees and flowering plants, and on the other hand, it can
be used as a practical road map for breeding studies in order to improve honey production and
deal with diseases related to bees, as the most important pollinating insects in the 21% century’s
agriculture.
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of sidr pollen of sidr pollen

Raw reads sl  jisles 3124151 1782133

Clean reads s, les 3074265 1734721

The reads related to rRNAs  rRNA L L ,e sla yiilgs 283842 225353

The reads related to tRNAs tRNAS L Lo (sla yilgs 745454 275339
The reads related to SNARNA  SNRNA L Ly sla iilgs 1297 735
The reads related to SNORNA  SNORNAL Lo (slayilss 227 224
Law Complexity reads ol (Saoms b ol yilss 1526 2301

The reads related to mMiIRNAs ~ MiRNASL Lo (slo sl 336919 344950

** No Annotation
A\l
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Contaminated reads — oxgll gla yzlss 61 90
No annotation reads — o.is Lwwg audls glayiles 1625588 837068
28 oad aslis clMIRNA L sad Gulato sla jiilss 47478 67393

Aligned reads against known mature
plant miRNAs
Known miRNAS a5 4l lMiRNA 423 773

MIRNA o iw lp 3085 guate MIRBASE ool ol0L jl oas cél s alS cMIRNA L & ol jsilgs

& bgye sla Jlg a8 s LS 03,5 55 was MIRNA & Slolis 4 e a5 cd)y I8 4 b o pos 5l ooliwl g >

ol 01 03)5l ¥ Jgaz )3 LMIRNA I 6y idgr sos sla Sig 5 0d s iw lMIRNA

S 03,5 3 wus LMIRNA olwlis Y Jous

Table 2. Identification of novel miRNAs in Sidr pollen

aas sLMIRNA 2 Lidg b S5 LMIRNA Jlg
Novel miRNAs coverage features MiRNAs sequence

>#cluster_17 x53988 TAGGTTCTTTTGTCGTTGGGGCTT
>#cluster_2510_x274 TGGATCTTGTTTGACAGCACT
>#cluster_2454 x240 TTCCACAGCTTTCTTGAACT
>#cluster_1923 x99 TGAGGTAGTAGGTTGTATAGTT
>#cluster_2401_x84 TTAGTGATCCGCTGGAATATC
>#cluster_1758 x54 TTAGATTCACGCACAAACTC
#cluster_3669_x679 TGGAATGTAAAGAAGTATGGAG
>#cluster_4755 x174 TCGATAAACCTCTGCATCCAG
>#cluster_3240 x125 TTGACTAGAGAACGCGTTTTT

LS 03,5 L 03 is jloni Jgl 45903) YYYVADD ggome )3 i £ 59095 S lod (2L JIg 51 Joo bs s

by )3 Pl (il (pgd JyuS) FYOV-D o (Jol JyuS) Y&+ ¥F+ ((US 03,5 L oad 435 jlowd pgd aigad) YYYAY-«
Olgie 4 Sb oy b boad 435 Jlog 5 U8 00,5 b oad 4355 Jlos )3 Hiseq 2500 Laegbl pjpedy by Vi ol L
£9> J5S3) VIVIVAD (a5 Jol J1yS5) Ve VWAL A o5 e Waodly (alyg 5l s o sl (S5olgm )15 9o L oS o0 8

2ls clmiRNA L, oy el Cao s Sb isles (JssS pod J1ySS ) F2AYYFY 4 (S Jgl ),S5) YOAANS o jlos

1y
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plod >y 4y al> 1o 1l (S8 GLRNA Lo Gl jslaie 4 Sy (gloosly (o z3d b 5l smy Juw s 5555 (s 2l
ods clabloe g o ablus cMIRNA 615 0 Blo iulojl 3590 03l 5 alS (MIRNA I & 4 Ko o JIgs
ool g a5 wag o il 5l og)S 93 s youj 3 s cMIRNA ¢ (MIRBaSE o3l oL 55 34390) @l yii
Jsl 1,S5) YWYAYY IS j3 ons S5 Uslye plool jl ae s bl Laodls 5l lajbe, g e a5 55 0ad 585 ¢ilpe dbus s
L edyen slp il (S poga )1)S5) ¥PPAA o (Jyms ol 5185) YA+ (lass pgs )I)S5) BAVFAX (Lo
3995 JyiS e 9,8 03,5 b oa s 4355l 4 bgsype (sla yiilgd ndyen 150 el ety ,US 03,5 laMIRNA
iy Giiles Fe o ¥ Yoo 5V (432 MIRNAS) yobs adlas ;3 ,US 63,5 53 03 ool cLMIRNA L fus
1555 95, MIRNANY 910 (2l) 4 oo & s Cgdyom 558 lagd 9 U8 0,5 b oad 4,335 slosd 9o 9 Jol 1,85 5
Gl sl (F Jgsn) a5 old) Synie MIRNA )28 05,5 13 908 LS 03,5 boad 4385 o & baaye (Sijlse
MIRNA o3}l & a5 @85 a5 1> ol MIRNA lgie 4 ,1,S5 90 3 osd obdy Syiie claMIRNA GJUT covo
ol JUS 03,5 L oa s a5 Jlog diges 93 53 00 b 23y Syide SMIRNA gy 59290 53 Jol 1S5 10 pg> )55
MiR-203 «miR-30d MiR-126 det-7g miR-27a miR-143 mMiR-21-5p miR-26a MiR-148a)
L3 (MiR-199b-3p 4 MiR-206
S o 08, b pltban (glag ok 3l il (Sofgdse slaanls o MIRNA :Bud gy (ot vl
i ¢y PITA g RNAhybrid miRanda So590se 538le 5 4w 5l lMIRNA 5 ,Sloe i3l g, )y
Py 90 Joho dbs g o5 (Ban slagyj b 48,5 )5 & Jues 505 o 4 0ud Jie (oS GMIRNA s (slaj
MiR- 3 MIR-148a (ol 3a» slayj was Ol WUl am als o gl s woli 0aisS in iy 138l o5 w1 1580
o Mo ol dy ol ot B 55 A% K MIRNA & (gl aiis cdl s booad aul )38l oy 6> law 95 45 21-5p
MiR- 3 MiR-26 MiR-27a MiR-126 MiR-199b MiR-143 det-7g !y .cusls G 5 & ks MiR-203
59 MIR-206 L Lo po o0 s i B )5 3l oy yidiiy 9 b (i b 05V 9 ¥ & ¥V ¥ A ) s 5 4 30d
o 9 01 b 35 LS MIRNA Cetin (gl 5 ol iun 30T Glaods ¥ Jpao w3 55 55, o5 01 o8
el oais 03,9 GO i 15 cplplu o) Bas 5 & les MIR-203 aSi) 4 a5 b smd oo i |y s 9035
Gl dlias (dgy oad wwgidndls g ye poif )3 ol Bun sla s den & MIR-30 j) 8 & 54 o sanlie &5 jglailon

OT By 3y b Syn cplply dg odd S ie oy dlas | eSS LMIRNA Ll ;5 ous Lo 2o b B

YA
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3Slee 7 So5elan (slaanl b Lol Taiwd dw jd Ban glay; a5 wmd e L awlid uwd 3L g5 o 3ga5e n
g 555 b Sl 43 5 o in (gln o8 MIR-B00 51 9 o (st ™ o Sl 5 ¥yl

9 (5low),US 22,8 U oud adad Juws (gboy9u; 5,0 small RNA glrosly g,bl s 559 ¥ Joso

AL SBMIRNA (213, g1y J55 09,5 lginr jSud o pad b 0l 9385 (5l 5903

Table 3. Statistics of small RNA sequences in sidr pollen-treated and sugar syrup-treated
(control) honey bees for detection of plant miRNAs

gl ol IS5 a5 Jgl IS e IS
Types J s J s lows Slows
1 Control 2 Control *Treatment *Treatment
1 2
Raw reads pls jilgs 2660260 4251505 2237955 2238200
Clean reads Sb il 2558916 4093244 2077808 2172285

Reads related to rRNA  rRNA L Ly sla jiiles 1096486 1336965 439323 681660

Reads related to tRNA  tRNA L Lo sla ilgs 68118 108148 187744 169690

Reads related to SNRNA  SNRNA L by slayilgs 40226 27042 14056 15065
Reads related to SNORNA  SNORNA L L,e slailgs 5071 4814 2945 3504
Law complexity reads ol Saoxo b slojiilss 4176 10068 1263 1991
Contaminated reads oyl (sla uilg> 938 4,651 623 598

Jus 5955 SWMIRNA L Lo e cloislss 111446 573125 79284 124621

Reads related to Apis mellifera miRNAs
Olpts (55 cLMIRNA L Lo sl iy 3097 21525 1413 1685
Reads related to other insect miRNAs
No annotation reads o.s (oloks sla islgs 801690 1202178 1071775 887345
e 1555 pois b o gibate (slo ,tilss 410890 735370 298952 289856

Reads mapped against Apis mellifera genome

" Category
" Biological Process
" Molecular Function

™ Cellular Component
Y14
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S 03,5 GLMIRNA L osi giate clo jiiles 45 69 5670 4100
Aligned reads to Sidr poleen_miRNASs
s b.\)f b oo 4 dw s ja8; )0 0 uJ.li)) L5l.h,rn|RN/A\ Slods 0 0 15 11

Count of detected miRNAs in sidr pollen-treated

honey bees

(P> 5 Jol )15 ) LS 03,5 b o 435 Juus sl 95

ol iz MIR-206 5 33¢ AY b MIR-30d ;5 s5e citn j1 Sy3gdsm sloilp atwd ;5 GO (gla™sjly slss
il aws e 3™ Jglw wul s o T Sglie i)y, MIR-30d 5 e 4 LMIRNA acs Gun gla
SdeeS T Sl Seogill codgrge b Lo MIR-206 3 MIR-199b det-7g (clMiRNA Gan clay; o Jolw
s MiR-126 MiR-30d MiR-27 MiR-26 (s cloj aSls ) itaud ™ gl s 19,0 3,50kes 5 ™ (i (gsl>
MIRNA cia o Gan glog 1 JoSUse 5 Slas disd )3 i (g o> uShaS 3)Shos | Lo MIR-143
L L ye cas 5 4 MIR-206 3 MIR-126 Goaa (sla )} oy osdle diun ™ (503l collad 3™ o wib | Las o
Saa (sla)j odes Al 4 ar i b (¥ Joar) sl ™ o503 )Shos 0aiiS il b 57 (53 L (JgSUge clled
O S sl ond 03,0l ¥ USS ) Sldj b o] GO 36T 5y (kS MIR-206 4 bgypo (15 3% 51 03 O ) 0dd sty
& lxio GO o3lg VAY gg0me )3 g 545 cmsgidns s BLASTX L 5 Y0 MIR-206 (¢ly osd (o yiw an )5 OF
I 5355kos 09,5 &5 )3 GO o3ly AV (Su3glser (slasial)s aiss 53 (F Jsia) 4 s asd a5 (53,Skos 09,5 10
WL Lo jo i 4 o5 (GO:0008152) ™ _SJglie (cloisy] b o (GO:0009987) Jslow (cloisy] b 09,5 a5 wlazs S

Sl 0g)S aw b by JoSgo 0 )Sloe aiwd b lagye sl yls aiwd ol o 1y by oy ai il o Bun 45 VY

™ Go Term

™ Metabolic Process

™ Cellular Process

™ Cellular Anatomic Entity

™ Protein Containing Complex

"t Intracellular Function

™ Binding

™ Catalytic Activity

™ Structural Molecular Activity

™ Molecular Function Regulator Activity

" Metabolic Process
Ve
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128l o (GO:0003824) 5 )55b18 clles 4 (GO:0098772)" JsSJga 3 Slac oS wilais « (GO:0005488)

o eSlaS (£3,Skos (elbog)S dy Jol s (elin] Al s i usd gl 3 1y et Oyt yishi (yh Ll 0,5 oS

4 pedi (GO:0110165) Jsho Singilil cudgnge g intracellular (GO:0005622) (G0O:0032991) -y s
R dhz’dj 05l 5 Sloe OJI) ul—“‘“ sly .(Y J&.«:) Cwlyly awd u.:l »l, uL; O i LSPT 09,5 &S Cowl oa
Gene JUT gl i pbnsl KEGG jie Julos g 4550 ¢ s 59055 o 4 0db Jasio LS sMIRNA
23l o oI 3y 5l oad Jae MIRNA cén b by Jog0 pme VY (P<O.1) 340 5 sz 5l Sl> ENrichment
(6 Jg2)

ol andllae 4 ouwd JUdy i GLMIRNA (gl o5 owlbnd cmd 3JUT € Jgun

Table 4. Gene Ontology (GO) analyses of Individual novel miRNAs detected in this study

miR- miR- miR- MmiR- mMiR- miR- MiR- miR-
let-7g 26 27 30d 126 143 199b 206

No. of target genes 11 4 6 2 7 8 7 53

No. of annotated genes 9 2 2 2 4 3 6 35

No. of categories 3 3 3 2 3 3 3 3

biological process v v v v v v

category

No. of GO terms 12 33 23 8 45 55 70 87
Metabolic process v v v v 4 v v v
Cellular process v v v X v v v v
Localization X X v X v X 4 v
Signaling X X X X X X X v

F.unctlgnal groups in Regulation of biological » « » « « » v

biological process process

category Biological regulation X X X v X v
Response to stimulus X X v X v
Negative regulation X v
Multlt_:ellular ” « ” « ” v v v
organismal process

Cellular component v v v « v v v v

category

No. of GO terms 8 10 9 0 15 6 22 32
Cel_lular anatomical v v v » v v v v
entity

Functional Groups Protein containing

X X X X X

complex
intracellular v v v X v v

Molecular function v v

category

NO. GO terms 14 11 8 17 24 40 38 44

¢ Molecular Function Regulator

ARA
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binding
Catalytic activity
Transporter activity X X X X X X X
Functional groups Structural molecule
. o X X X X X X X
molecular function activity
category Molecular function
X X X X X X X
regulator
Translation regulator
o X X X X X X
activity

B
® protein-
containing
®binding complex
mintracellular
Molecular Function Cellular Component
® molecular
function regulator
# cellular
anatomical
= catalytic activity entity
¢ = metabolic process
= cellular process
® response to stimulus
w signaling
Bioloical Process ® regulation of biological process
= biological regulation
» localization

» negative regulation of biological process
* multicellular organismal process

Cellular (B <Molecular function (A :aiwws aw ;3 MIR-206 daa sl 5 GO sWojly aa395 ¥ JS

Biological process (C g component

Figure 2. Distribution of gene ontology terms of miR-206 target genes in the three
categories: A) Molecular Function, B) Cellular Component and C) Biological process

YVY
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Gy 005 RS o} il Sy ,S0 35S 4 4isS Ky ;I SIRNA 3 MIRNA) K558 RNA (cla J5Sse Jlis!

Zhou et ) 1l Mg iles s 55 o> cilies (clopunsil) i b3 Lsguad 5 o) 048 Logols clo Jipm Lzl

s (Liu et al. 2012) logles 4 6L 5l aile caliseo sloaiss o So 8 cRNA Llize Jlsl (al. 2017

Koch et al. 2013; ) cusjon 5155 ko slacmg,See 4 lals 5l (Weiberg et al. 2013) ol 4 2,8 555

Zhang et al. 2012; ) )l ,40 4 olls ;5 (Ibrahim et al. 2011) ygls & ollsS ;1 (Ghag et al. 2014

w25y 0 39390 CSRNA & 0 s )b ool (glp A Jlo 3 el oad 5155, 46 4 (Zhou et al. 2015

(Fire etal. 1998) &8 vlass |, ss3s0 ol 05 ol Wl oo 7 Salslis RNA b jl sgiles lie

213 o5y 3l oo G (AL SLMIRNA Gud sl 5 bawgi 415 dxe KEGG (5 ymns .0 Jou>

Table 5. Significant KEGG pathways in the target genes of the detected diet-derived plant

MiRNAs
mMiRNAS o o5 PY P-Value P-Value
PATHWAY Gene Name o
X W
Correcte
d-P-
Value
Let-7¢g ame04310:Wnt signaling pathway GB54903, 1.70e-3  1.53e-2
GB49269
ame00620:Pyruvate metabolism GB40280 2.95e-2  5.94e-2
ame00020: Citrate cycle (TCA cycle) GB40280 3.22e-2  5.94e-2
ame00562: Inositol phosphate metabolism GB50211 4.27e-2  5.94e-2
ame04070:Phosphatidylinositol signaling GB50211 4.62e-2  5.94e-2
ame04391:Hippo signaling pathway-fly GB55164 4.62e-2  5.94e-2
ame01230:Biosynthesis of amino acids GB40280 4.62e-2  5.94e-2
ame01200: Carbon metabolism GB40280 8.030e-2  9.04e-2
miR-126 ame00830:Retinol metabolism GB53086 3.95e-3  1.18e-2
ame00350: Tyrosine metabolism GB53086 4.94e-3  1.18e-2
ame00982:Drug metabolism-cytochrome GB53086 5.27¢-3 1.18-2
P450
ame00980:Metabolism of xenobiotics by GB53086 5.92e-3  1.18e-2
cytochrome P450
£ Kingdom

¥ Rna Interference
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ame00071:Fatty acid degradation GB53086 8.22e-3  1.32e-2
ame00010: Glycolysis Gluconeogenesis GB53086 1.41e-2  1.88e-2
ame01200: Carbon metabolism GB53086 3.00e-2  3.43e-2
miR-143 ame00970: Aminoacyl-tRNA biosynthesis GB40563 1.68e-2  1.68e-2
miR-199 ame03040-Spliceosome GB52855 3.42e-2  3.71e-2
ame04141:Protein processing in endoplasmic GB415A1 3.71e-2  3.71e-2

reticulum
miR-26a ame00510:N-Glycan biosynthesis GB54846 5.77e-3  5.77e-3
miR-203 ame00230:Purin metabolism GB44602 6.19e-3  1.24e-2
ame01100:Metabolic pathways GB44602 6.70e-2  6.70e-2
miR-27a ame04145:Phagosome GB54140 9.87e-3  1.82e-2
ame04144:Endocytosis GB54140 1.82e-2  1.82e-2

Csl o5 gdly fo d5iled 0258 ol 3 o] ol g MIRNA (Shos 8y im0 S5 (il )5 (izmod

ysb 4 DSRNAET S108 Grae go)b 5l lpis of oo o9b )8 Gas K0s wlllas ,> (Timmons et al. 2001)
Jues 955 3 (YU etal. 2012) cusl poiito s 465 )18 4 dtny Gl 035 Jlo 52 4y sl o0 (135 fusl by
Jarosch. ) el sas odlaiwl 1sSLsS (slacdl ;5 Gan (clays Hle (slyp cadgon J3Ib 4 ASRNA YU 55 5,5
Nazzi et ) s )lsS asb ;> Bun layj e Juws jo55 0 ASRNA (S1hed Grne a5 sy plis i oldlae (2011
Jsl Blg5 o o opl cuinis > (Garbian et al. 2012) sjlul e 15 511, s b slacsl ,Sos 4 (al. 2012
mite ) a5’ & 1, JoSJgo cpl ailgs o SRNA L oss 4 3s5 glaygu5 a5 0 5L J—ue j455 3 ASRNA (less5 oy
O gl 4 e g ol Jatte W yes) ple 4 b a8 jl g 03,8 Jite LS o 455 905 cadgen I a5 (V.destructor
4 LMIRNA lie Js) i ol j> (Garbian et al., 2012) 555 o aS po 9 S po el g a8 5 Jole
MiRNA) miR-156a ,li¢ sl -bise ol (Masood et al. 2016) cosl sad (5,155 500 0k S Juus j555 b
FB Gl g 0313 )18 (g0 3)90 STz g sl s y93) cilises sl 3 1) (U5 03,5 )3 0ad clablons sl (BLS
57 JlosaSgp <l > Jg 1id)S odmldio 03,5 Byias jl sy s y555 Sle 039 )3 1) alS GMIRNA I 255
353,55 iy S35 RNA (sla J3Sle ol g5 2 (ive (S5l 30l &35 gt aslllo 3,50 (sl i3 ™ Jli s

) Jut 3355 o 035 4 (ALS ABMIRNA J 5511 ol cbgn Jisl 5 isn |y cs2lpd 1o (sallan o Jlo

" Double-Stranded Rna
¢ Proximal
¢ Distal

Ve
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Bl ead JymS i byl b cod s o) e 03g) 4 alS GMIRNA lie Jlasl & pols (L bo sed
Reinhart et al. ) c...» Caenorhabditis elegans sgls ;5 oai cais sl MIRNA Jql 51 S Let-7 sl o
s odly i Drosophila melanogaster s Bombyx mori ys caliseo 0955 (slaasly o o Lis o5 (2000
dgdze 5l (So 117 &8 Waly s Jwe jouj pd cpis lilllas (Sempere et al. 2003; Liu et al. 2007) !
Behura and ) cuus byl 3 )51 4 (6ybw o 3l Jos y905) HlB) pouss b 45 395 o Crgmuiro o cbilis (ola Slis
ols let-7g Gua slayj —ols cadlas > (Whitfield 2010; Greenberg et al. 2012; Liu et al. 2012
WNE oo )3 6yl sime yobo 4 LOCE52168%Y 5 5 LOCL07963993% 15 sisle s jouj oy & 0did Jiito
S50 et s Samw § Sy Sl sl (598)50 S WNEsignaling s’ . ] i signaling pathway

1,31 (Olive et al. 2018) wsl o uslivw ;l5lo 5 oae 5,Slos Lais g sbul b bagye o 5,Skes &S 355 oo Gguns

58 oo gl Js 59555 (6,8, Esl )3 1y sage 5 WNESIGNANING yi s 48038 o oty (Siilooilynr (sl U]
ldllas (sl cas slacyled § s y95) &by 3,Skos 3 sdlatly 53,5 Laside (gl (LiU et al. 2019)
WNE 5 M linnd Jojonl mudglio o ™ Jgjonl haslims SuliSims s o8 3l (Lis Jus j95 520 5 polia ot
@l 58 5955 (S5 adgl Jole > abg 60k ol b g JUSw Jlaml ) i g9l (ol signaling pathway
i Olalllae (claasl 4 4vo5 L (Ramadan and Li 2019) coul ()9, byl (o)l aidsg 5,Sdos yiol38l
5 Sl Jgojon! baslaw 8 wWnt Signaling (eas 5 dxe yow o po b adlllas 5 a8 5,8 bl | i ol o
Fo 3 o £ 3,Skes i b s 955 568, d9e > Yloin! 16t-7 _alS MIRNA L 55 liw 3 g jsn) o doilio
p3Y Juee 1955 (st il ,Shae )3 [B1-7 ua (clagj i85 4ol (gl mele Slllas Jlo o 4 5 Las o ]

Lol
ECM- s ;5 &S J—ue 5555 LOCA08552% -5« aLS MIR-103 &8ss o l—is Silo yoiilon T

Jbgy 45 W5 b dlasly )3 paaane oyl i (B lalllas j> amd o )8 Cham 3490 |y cun 5> TECEPLOT INteraction
5 3 phagosome gendocytosis Jsge (sl yume Lidi (Ni€ €t al. 2017) cosload lgie Juns jo5 ) ybiw

KM ) cosl ois (S5 955 (stog) Called ialdl b e L llllas )3yl adllas 3 ons Lol G gl bawgs

* Palmitoleoyl-Protein Carboxylesterase Notum

¥ Palmitoleoyl-Protein Carboxylesterase Notum-Like
“ Phosphatidylinositol Signaling Pathway

* Inositol Phosphate Metabolism

* Collagen Alpha-1 (lv) Chain

\vo
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2 sty BB sl g ose y sl sadlas j5 oai oluwlis avg s <LMIRNA ;I o miR-206 (et al. 2018
5 Slpis (LS b 48,5 b Sl 105 Slagzga plas 13 Loy o 3,1 oyl (595 e wiz) (Solisd aeslSln
S, MiR-206 jiés 4 jei 42,31 .(Zhou et al. 2011) xl o il caelu V¥ 4 o5 sloygd b ol b
iUl oas b onsl ol ob)l sl S50 P Wlg oy b adlllan ol Lol e | o3 o)l | lyti > (59, il sl

VY p3 &S amd oo )8 Cum 390 |y Juws j955 o5 OF dgas alS MIR-206 a5 sl lis s b gaallae j>  Sloysdilgn
S QLS 5 Jus 955 o Jslge SVl g Jab 511 Lo o loaidly (pl gome it 165 Cilieo (Solges yron

23 o il 33l
@l 350 Gl e g 53 e CLMIRNA abas claculle o il sl 4o 36 S douss
3 e i 303,56 lgie a4 S 955 5> LMIRNA (S1)05 olyon Cpa o (a5 3590 40 (63950 Slalllas 45 (¢y0bo
GLMIRNA jleaiye Jil v l) galpd 13 b Ginghy o oad ol (b i s 551 5 455l S oo
2 oS GLMIRNA I (55 obs) 5l (Sl RNA-SEq 5JUT gl e cs 1)) s 59555 o 42 LS ol ol
yole sadlae 1> S e 08 b Gilisen sladtl 5 lasan baoj ok 5 Baes LMIRNA 5L o Jus 5955 o
MIR-203 & bgspe Caun )5 opyieS b dim Jws 905 o odd obdy als MIRNA (), Gua o539
6123 o )3 43l cod 1) 5 OF &S 35 MIR-206 | Ly 005 sy Bid (glag) o i 5 Ban 5 Sy b
CpSyd it 1503 JoSge Cilises e VY 3 MIRNA ) Gua sla 5 48 sl o Lis MIR-206 1, KEGG
boazsly ks S K8 ke Lol Sy gl Ly sl &) G (Son (Saislon hlien (gl s > Ban clay)
Jio (2lS CLMIRNA olas (18 o s y955 o 4 U8 03,5 | (25 SMIRNA &) Jisl 0 b gadlas
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