V) 8/ 4
OB S g )3 (g s puid
YT 0,k 0 5kowd oy s
http://ejrr.gau.ac.ir

w93 b B 0 (AWUSw S o 9 S Slagy5 BRNA 31y il
miRNA-seq jf ooliiw! b

Y . % AN 2 .
Sl aledl 9 AS88 8 G galea
elpedel 5 K33 055 (8,55 Jeardl .@L@Y i o oIS ((63,55LES 0aSLSls el ¢ 035 st
Ol 52 =y reb mlin 5 (55,5088 ol8EIs ( l1e s 5 ol p5le 0aSCESls
AVA/YA 5y b AV cdls

045>
b LS s (W AS S TY b SKle ) A6 e s el SAS s ) lad S50 e 5 Al
S B o oS A3l e S5 AT et M s e 1A B o ) ol (S35 sl 3 05 Ol
op a3 38 e 13 asdlSw (sl e 5 (35 SLa s la Al SIS 5 55 (05 51 3L sl
SO sl SS 55 05 2ol & 5 5 (se LS 02 Ll SAS G55 525 0l lablows Lo ST 5

Al i W5 L s e 55 6l e 5 0T Cols

A a5 laesls al ot A5 el QS 555 o0 s 50 el s S anllle (2l 3 tla g 5 305
S Sl 5 65 sl GSM969927 5 58 6,5 )y GSMI295118 i ge 455 (5 GSMI295115 v s o5l L
oL Sl asdlas ol 53 A plnil mirdeep2 Jlsle 5 51 eslinal b Ladewl SIS 355 05 lulid it 350 GEO el
oslil (b e Oy 455 4w pa Oliey il S Sladd SAS 5505 55 Gda 0 slulis ¢l mirwalk ol
e L3 Son SLedbl oL o3 slag s S alal s Glals e 40 530 mirwalk Sledbl oL s S
o g A bl cytoscape S sile Lo g olisan a0l 5 bl SAS 3505 5 SRS S g5 obls)l

A eslize DAVID Sedbl oL 51 G sl b ks o all&s 5 55 sl s

o R e miR-200c-3p ; miR-27a-3p miR-27b-3p miR-93-5p slay; asllas -l mb el el
Gla e 5 b A5 AT s Guia lad) o eae 5 SetdS 5 Pdikll Rlim Pten slads 5 sl S 555
e A5 AT L s e i 03 SG Olseas SetdS b jas asdllae ol S e Sl sy b SLS S (S5
ot MTOR 23068 e MAPK a3l&es s ¢ 5515 S s 45 515 OLE5 55 (6la joos IUT 5L o
5ok Jlad s glad o 55 45 A3l o 55 SLa s op age Sl cpds S 5 asdL&w s s PIBK-Akt asJUS

PhD.behdani@ramin.ac.ir :J stee sties 55°

\4Al



AT (£) 0 lowd d(0) UGS g ;3 Lyiidg iy Ay yabid

AU (s e (S 30 s 1 el (ol e e Sl 3L a5 (bl (11 T

s 5l b s e A e 5 S SSY 5 s e Al ed OLS S st 5 oSV

cmmad 5 d S0 nl s QoL 5 (o) 2 2550 4 3 e SLAI SIS 505 5 Sl 2 4 x5 Lt pS 4ot

L@_’T)\j:..;_l:ljj Aol a by L;uemmﬁﬁwwol};p@L;;l}}c‘)’k.,alél.auljﬁ)J[)\jJquu>)ja¢_}jél.aﬁma

Ll b 5 05 SaS a4 sl Jaas 55 Wl I8 5 Bals lads 3,08 5 bire S 15 o bl 1l 55 e g

3 Al SIS S5 o Slad S se Al o ol pon Sl 3L oSS 5 ann 5 Lt A5 Al a5 Lo STeslinal 055

Tk 55 b s JolSS ol s adS s plie IS 315 e ol od als 5 OF @ aalllae (il 3 oS s sla0)s

.JJ>J§

SiS 3,8 e 5,8, Sa e slaa
5 SIRNA amiRNA o5 av 5 Saltlte sladed
Al SIS g5 ) L pb o i PIRNA
ol Sy goa Jy Ll aUS g oSl L
s A8 St L0y Ol 5 5 Shes
o355 5 4 S Line slad 50 sm deal SIS 5
Ol s e s 4S5 LBl
g o JS2 A5 S 5 YY S LB oS S
A L s S A J e 53 05 0Ly
el 13850 0T aa 5 03,5 530es L s mRNA
Do i o (SHI25L Jos cnl plasil sl (E0)
T ssde il e Wl e oa mRNA L a3l
o S e AS 1y LacSs oS olal) dwys
Ll S 5555 2 slad 5050 s Lol
2 AL L IS5 ) (10) 038 o s
) Jobe il slasnl s Jleb sk 4 Wl 0Ly
Laaul b ol abes Sl das e 13 50 co
el (Jik e s ) ples IS5 U5 e
23 el el il 5 s s Sl ie
(TV) 58 o,Lal Cilne s g 50
SOl @l 53 Ll SAS 505 505 e 2
23 Sl A S I3 e e glaais

v<

doddo
($3osLiS slem Slis ey Dbl o 2T b
c b Lo glsslS smee Al YAAYY sl
Clled Jsmine 535S 55 e ,md 58 Wl YetAOTY
Sl3 e a5 WAV GAYAT ladle b .dzes
Ly 055 L0 Clong Ady 4 5, Ly, S
Gpae &l ga bl 43S s 5 A g gl
Bl ool 5wl Sl sylbbal as 5 s
eSS 0L nl S8 a Sl 5508 0 d G s
Ol 5o ed Gpan &l oS J= 55 il
eSS TO Ll bl s 5 SAS VWL
o Osskes T0 ssd ede 4 .(04) ol Jlu s
Osdae 0 U £/0 &S 315 3925 Ol il 53 3
55 (Ol slagy doys Yo ossus) Lol 51 )
aax s LYY 5 Y0 F) Wed oesls Sy 5 Ol
Oldal 45 Cols Ol o 352 g0 Dbl 5 Ll
e A5 R 8l el Ol 53 3 Lol
or 5 adle 1 ssd gnael a8 s
SHhy B o S5 M s S e
AY0) Ll o Ol g3 eal X510
sl Sl Al B S 3 05 Ol
e 3 53Ls5 Jalse U5 oo 5 il s



e ledl 5 K8 ogrlenr

Sl 53 (0F1) LS o )13 a5 3550 2o
Ol ) Jspe SbaislS 0n 3G (55 Oy
J s S5l Jol slaesls ulad
Sl Laasls 5 ol a5 303l ol ik
sl 53 La0s Ol B (28 Dl 5 Jlmss
e e sl 3 G
S ol ol S L aallan ol
5, Shas ghls LE S ol b= slad 55U 50
o 2o ddew L 5 3L s il 5 Sl
S e 2ol SAS 555 5 £l51 plolid 4 tdzes
Aty Ol 3L 3 5 5 S (g 655 4
B V‘SL“ ol by e ol I glaesls Lol sl
>3] N W VI COS TR W] (P SO W PV iE | E
=t i S e Sad SIS 5 0 O 45
Ll S 5 gy 5y Sia slads 5 515 4w
o 5 05 eSd ol s SaS 4 il e
e DS 5 g 53 50 Sl S 5 5
S35 5 Pl 20 sladshe b

S s e ey ol o

g, 9 dlge
)j_]a_n,m.: axJlas U_i| BL 4—’)% 2,40 6‘#5)‘5

Aol SAS 5355 325 1 (K Sr sz 3 2loli
Joj_zj.d M\Mﬁy} R ol LﬁJLLij‘)j Lsueb\b
A ebu;.d\jjjg cu.;rjﬂ 4.;;4_.&)2 &LAL U’-’-‘ LE
il sy by o GSMI295T15 o mes o jla
Sy 3L« Glaze GSMI295118 ¢ 5 se il
3 i Sl 4 Ly e GSMO69927 5 S
Yo }Y’o Yo g_,_,‘jjjA_: 6}L>- Laoals L)'i\ ML’L"
Ln sl ol s olaus 51 ol il 0 gibis

ek Bl s Sl A a Sl (6ol e sed s

Yo

Oljes S A2 5158 5 23 S 515 anlllas 35,50 5581
e (Seelis 5 Ly i JS05e 00l O
o 0l J=bsn e SOl omen IS
095 15l 5 S Ols)y 53 )3 Al S 5 5
ol 03 et S A By s LS e 0000
0 O 2 (YY) 5L 0L 55
Jole glaag g b (S0 (‘Kiﬁ 22 Al SIS S 505
(Y Cmal o w315 aalliae 3550 55 Oy
5 Py S3L a5 0 Ll SAS S5 s B
W S 3 s dase o 3L pl 3 Ol sl
o Logmal 5 Sl il e iSan (FE)
5SS OB 3 e Sl S5
el 53 MiR-212/132 J5 S gn 55 5 i3S
S i Ol asdlas (F) Wils )5S 1 nSen
Aile Al S2S S gy s glad iS5 A A
b sl sl as sl ol miR-101a s miR-15a
Sl 348 3L 5 Jhl glad b il 2 ol
Sad 5 5n LU ot plonil Slallias (70 315
el sl e U Al S S5 5
o Llesls 513 G 350 1y Slies slad
Al SCAS g5 325 S S S350 Dyt S0
a3 g Gl SSL i Aol s | el
o Sl oldlas 55> cpl b tlesls 13
Glaas S s ot Chablows glaueul SAS 55
Srlad e il slad ;S ge ol i ke
o g Ay Gy Sl g
o A b el WS 1 Al SAS S
sl a3 S 13 aadllas 5540 oy
Sooin Laas S e 534S plad s e
35 34058 Aol b s Wletile 3L ol Clabloes
bl sl ansln 5t @l g by kel

b e U J a0l 3 S



AT (£) 0 lowd d(0) UGS g ;3 Lyiidg iy Ay yabid

GLa0) (e 0303 oL ol mes 3L
3540 L;ur:w_ﬁ\ Sleslanal b Al oo 1y B
miRanda Micrit4) , s SLedbl LKL o3 s
miRNAMap miRMap miRDB mirbridge
Aas <=l>.;:\ (Targetscan s RNA22 PITA Pictar2
3 S )5 a5 5,50 LMIRNA do o ol s
A5 4 b mirwalk ik Ol en ol Guaa glags o
Loy a S glesls el_<:l.i 0> ,a L;_ijla)'\ —
BURGURg Ju..;L: 5550 35 s B mirwalk
e Ll 55 4t ) 510 Laosls (]
e oy S SlallSAS gan sy 5y plulls
s sLals 5 das e 13 5 o b
SIS gy oy 0 o O3 b 5 2 S
L eslanl ;,\jﬁf& oL laad!

K5 LA 5 (S5 St (2
DAVID _5Ledbl oL 5 icsun glads b bas
e oS b ks e S5 b s oluls
3 LA SAS S50y 5y Sen 4D 55 24z 5
il ol plonil (s A eslinad Ol glal
SLbl oGl sl 4K 53 392 e S slal;
SLedbl LKL ol SaS 4y 5 43 .S DAVID
SLas oS (S5 sladnlp 5 55 e e
oalinel s S ey tligls 55 a0l L3 Ga
s GBALT B 5 (55 Sl e 2
Sl =l aS sl e I s U155 e
5 =5 Bl e e 2 Sy RS
s 13 b o e 1 (S5 gladn 3
A3l e gl J 28 s

=W
S ggus 5 plolid josa )5 aalae

}f_.:.ul_aﬁfj:wﬂy LsLAM)_s;j» slaa .l

\a'

) Sl a5 L ek 455 el ot )5
3 3slse by Ail e 455 4w 4 by e Laesls
s s 655 aw &S Ll SAlS Ssn )y 5
55 Lol a1y (g bl 3 Shes Ol 5 oo (il
o) S 5 et M AT 5 iy se e
RN

5 M) 5o Al SIS G5y 715 SO lwls
L Waosls oS Aol SIS 505 525 glolid 31 I3
trimmomatic .(4) & —w, » FastQC ;I esliwal
(V) s a8 8 IS by slsl Bl 5 e 5 g
ot 9 Al SIS S50 s gl gl ¢l
% eslic .l miRDeep2 53l 5 | Lol ol o
Al SIS 555 505 lolid g Sl 5 )
Lt s ol s S 1 ol (slaesls
531y alalid ol ol 3B oS ol sl b
AN 35 b O ga o 5 Olylse gn Dols s 50 alas
Pl o3 80 VY ol L 5 105388 G
SAS 555 50 bl Ol 33l 5 ) s s
SIUT Gl e A il s Lls 50 1) o slaind
Frr Sl e 0 IRl S ol SGS 4 Laesls
L% (ensemble _sleMbl SSL 5l GRCm38.71)
35— 3 «ensemble L¢3l L 51 UMD3.1)
L S5l ol A3 ealizud (NCBI I CHIR_1.0)
Al SIS 505 515 2L s eals LB 51 eslanal
bl o Ujj annotation LU & U_}j b
0T Oly gl et 5 el SHS 555 325 Sla03
2515 5 e

e AR (Gl 5 Bla DS e
zmfumm.uni-) 3l oLSL SaS 4 Cida W03
mirwalk (/apps/zmf/mirwalk2/ heidelberg.de
SLoj slulbs 4y o6 osls ALl s S <=l>_¢:\

AT Sldalin 5 i b Sl s



e ledl 5 K8 ogrlenr

SIS S PV W] EC N N V-V Wy JUILY
mirwalk ;- b 3 — Ll Gua slags 3,90 YO
Ljéd\es\beﬁge:ﬁ&}jl&jm.&‘l}
s 8 5 0 5,58 5 s b mirwalk
s sl S 555 525 YO 0l sl IS osba
Db an baesls 51l SLulls Gus O3 YYA
o ol ke an Ll 35 et s
b 3 e L Lals 4 plaal Sis 55,
F{RCE S ATNYP INGE SN TPNNSR I O FCI
B PRI RPN ISR P} S
A eslatal (LS s
slas ) ISE L lae oS 51y OLES aallae oy

o RS

05 slews bl G 6Lad3 5 dosl S i

St 3 el SAS 555 325 Ller

3 Kien L IS S5 s 4 Sl ege Sl
);;UQA\)@); CJJm SO 5l i sl
ol L eSS 5 s o] ias o 3
s miR-27a-3p  miR-27b-3p  miR-93-5p
S a s glad} sl ditl_e miR-200¢-3p
b e S A IS S ) IS se YO
s esliul 55 Sledbl oL o> a5 mirwalk

sl odal Y Jgd> s mirwalk

\A4

Sleslec ol U Sl sae slad e ol b
Al SCAS 5y s L s 2L JI5 slaesls
Sl 5 kS s 3 oy Lmesls 5 ol
L Ll SlS i) 5 alolid g ool
s s S 1,5 Ul s s miRDeep2 )\ j3le
SRl SIS 55 55 pled Ol 31 S 5ls 0L
4 > miRDeep2 BRI Loogeds plalis
O 5S a3 O5AE Bl s S8 Sse £ S
»Llads ol Sl e g L pl ol 5 S i
e S8 S S 5 eSS e J b
5 abg e ol e Ll gl Olpe 1 (5 ke
JESETICE FNI BV PR PISR BRSO QTP
OS5 e S e Sl S s 23S
Losg olidas ladl 5 Ls S day a5l
LU ool s oLl mirwalk Sl oL
it s SLaDS A S
Gl K Sl S 03 3 Lo S 5 5
Ola ol 3hdas e 13 )8 Ll s a8l 4b
Led 6 &8 A ax g plad ol SAlS 555 515 4 e
A b mirwalk esls sLSGL oo Olisuaa g0
3y50 4SS Sos Sl oL o3 o 4l g ol
Ly ods slads =l doyls [l 3 mirwalk eslec!

Aol S 35 905 0 VAL o Sl ol ol s S L0



AT (£) 0 lowd d(0) UGS g ;3 Lyiidg iy Ay yabid

oWl RNA 5 5 Cooal , (mmmm

Figure 1. Visualization of miRNA and their target genes’ interactions. Color change from red to
) introduces the important of miRNA. MiRNA which have more target genes is

greed (mmm
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more important and are red color.
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Table 1. miRNA’s IDs and number of their target genes

Cda O sliws

number of target genes

-miRNA’s ID

number of target genes

Gl O sliws

miRNA’s ID

25
24
23
22
20
20
20
18
15
7
4
1

mmu-miR-29a-3p
mmu-miR-24-3p
mmu-miR-148a-3p
mmu-miR-30a-5p
mmu-miR-29b-3p
mmu-miR-30b-5p
mmu-miR-30d-5p
mmu-miR-200b-3p
mmu-miR-23a-3p
mmu-miR-21a-5p
mmu-miR-379-5p
mmu-miR-99a-5p

61
40
37
34
31
30
29
26
26
15
11
7

mmu-miR-93-5p
mmu-miR-27b-3p
mmu-miR-27a-3p
mmu-miR-200c-3p
mmu-miR-30e-5p
mmu-miR-26a-5p
mmu-miR-26b-5p
mmu-miR-29¢-3p
mmu-miR-92a-3p
mmu-miR-452-5p
mmu-miR-146b-5p
mmu-miR-143-3p
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Figure 2. Visualization of miRNA and their target genes’ interactions. Color change from red to

greed (mmm

) introduces the important of genes. Target genes which affect by more miRNA

are red color.
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Table 2. Gene pathway related to target genes in the investigated network

Pl

P e
P-value Gene pathway
N \S Z ..
0.001 e
(mmu04510:Focal adhesion)
0010 PI3K-Akt sl s
' (mmu04151:PI3K-Akt signaling pathway)
MAPK _autf. .
0.015 S
(mmu04010:MAPK signaling pathway)
mTOR it .
0.021 I S
(mmu04150:mTOR signaling pathway)
e Se s L
0.022 CEISIS SAEE

(mmu04722:Neurotrophin signaling pathway)

2% e kel S 55 s e s> MIR-27b-3p
Ol S Gl ol 55158 g s 350 4SS
23 23t Olss Jsb 53 Al SIS 555 505 0
Seel Ol bl a8 (g 5de XS o kS i
U ol ke (18) A3l s baoley slu 5l nis
e 5 el 5o a WSS s s
.A_A{L? 5 g 230 ot Olallae s Lau)uzj
adlllas ool mls L Gldas (VV) sl a2 31 5
2% e Al SCAS S5 5 o (e s MIR-272-3p
S L0 5 Al S Gism s s S S
Sda 05TV Ol Al SS 555 505 cp) AL o
S5 g s 53 mMiR-27a-3p 5 ol S5
i Al o Gl SOl 3 i b s
- SaS gy 5 ) LS Ol Oldlas (YY) ol
sl S RS S e 5 Dl e jy Al
33,5 oo b e 55 M W alS sl
Y8 o ls MIR-2000-3p oy i 5550 455 53 .(8Y)
Aol SIS 5355 525 S50 ool 5 05 Sda O
RS St ) 53 (S el 0
o o=t Alesls Olis ladllas L u S sk i
Ll S i g s Ly ol e eSS 55

A+

- SlS s s pleld Sua b addlas pl s

5 oed Mg T s fie 5 edd Shablos glasl
J=bon o a et LS 5 St Gl e
S 52 S S s S5 0L
i by Laesls ol s astls y 5os 58 (s
st A s s s b Ll s Sl 2L
U] SV (Vo | B WP VI WR TP S A ol o
=0 35— 53 OLldds Ll dl SilS 55
Sihe OS5 e pa i oS eSS s,
B e P P R RSP S
Coonl 55 MiR-93-5p asdllas ol 3 ok luli
s aalllas ol 3 Al SAS 5505 ) Slad S5
s ol acad by e Olisas slad) sl
o) 5l gl ol & plad ol SAS 555 52
J S o |y Lol cllad 5 daas o )3 ol 3 e
Alsie § S S JB s gba b Al
Cgr Y0V0 Jlu s aS (glaallas js il S5
03 ol il slan M SaS S5, 5, gluls
3 MIR-93-5p 48 L2 asetio 5 o ol UL
Olp aS w il o 4wl SAlS S5y 55 IS0 Vo

(V/\) J)\b JAJJA_.J J—lb\ 9 L;\I.w;‘ J’>‘ﬁ‘ DL u-i\“-’



e ledl 5 K8 ogrlenr

EeLPten 03, L IS4 cpl oS as 55058
et T e S8 Sl Sl aan
05 asdlas -l s S R YY) 355 e
S Sl oy )50 4GS 53 05 0l 55 Rlim
oo b sl s Sl B Al SAS S 5y A
(Y) s v_:l_.ﬂt..; A e dxw g 50 05 ol
Glaaol b s 05 cpl 58 2 SUI e Sl
sy il glas S s b e 4 by e
L5 dp Al sbadshe nls 53 05 ol i
ot 2oz eyt 5 el GG s 53 et ediS
Rlim S 5 5 Ols adlas cpl (VW) Coel a3 S ) 3
plad a8 syl Glts oj Sl a8 siledle s
SalS ol pl e dle g e ol | ad g T
o SAS el 3 aS 55,8 e slaos Ol
aallae 5 ol 5L andlas .13 IGF-1 5 oS5
S 4 6 sl e e ol Dlilas LS Sl
Pdik1l o5 als oylal d ad s aul b s 05 o)
o=l g e plulid g glal] s S
i ol ot M AT 534S LBl e anllas
o oS Sladlae 5005 ol syse s dl e
SLS 5 ewgm b oy b Mg 0f 3 S8
ol Gua L as 55158 lassls b
33 o3 Pae ol Hpam b bl e la S
o=l 5,5 0l g el <al>.;:\ e 5 pliida sl
CLle i b alaly 55 6 Sk Olgeay Ll 0 O
DS @ols Pl Glasls ys ol s () e
adlllas ol 3 - das 5 0 ge O oA T
by 03 ol addlle pl s b ik 5 SetdS
S B sy Al SlS S sn s 5y IS se 2y
o JSS s a3 05 il B S
Ll 3 ol 5 cmal o (55158 S50 0l Itk
Jlast 05 Ol (b Lad sid O pdlanl (las
O rlge 5 ol o b 55 05 ol (7)) AS e

M

IS L byl cnl 5 ol SIS 30 s sba,
SIS S5 5y ol s lalllas 3 (0) S e
s 03 35 pe Slad s 5l G Ol pea
5 Al S Gl g LS e 45 AS Be
L el el dsis lapnis 5 03 0L
o o) AU K5 U adaly 5o S J xS
Sl edd 1S ) s el SAS 555
LCD4 5T ¢ glad s zled Jsse cnl &S
O &S e J xS
Sei s adlas ol 5ledel oty =L sl
3 Al S 5y s Slad S G S
OLEL oS s 345 0 Ller Olisun sag)
I8 Al S 55 50 ol Sl G e 8
35 g0 SLOS op tege I OS opl Vx| LS
S s Bl o A5 T8 s 0y
2 S5 Sl S 555 0 3l (5 sl
Pten La0j5 ool oy tege Aol S 515 5 W)y
SLiS Ssu 525 JsSse Vgl s G 05 oS
Lol plad 52 05 ol Ol o A s el
Calisn gl b 55 05 ol el old 3158
53 05 o=l A Sl i Ol Ll 108 31 Sl
5205 o=l (S5 sds s 3 SNee o8 515 0L s
i 5 i S5 ped e Ao g laul B
S 05 ol (YR A3l e g 4 il
= S L Gl s oyl s (et
[F SO S| I W Y I JMJL;QM Sla e
C_.';JS) A @J_.ﬂ el AKT JA:JL;QM
o5 5 S lad 33 S e SV S S
S s 5 Sl 308 Jlzyl sad b Sl
Slalllas 53 05 ool Jaw g b e85 5 35—
adlas 3 (8)) Col 0 is S aul 5 o oilisee
5SS Olyean miR-A486 ) aa L Sos
P S ANV WP S WA P Lg\_Ao.,\_A.S(..JaA



AT (£) 0 lowd d(0) UGS g ;3 Lyiidg iy Ay yabid

aalllas 3550 isolo (&2 s b S b
53 PBK-AKt sl v e i ool 45 Sl 3
R e e R
5 e (V) el 4 S )5l sy g
sl s andlas oyl 2L sl S 5 Ss
MAPK  _asdU& o s Sl 0l im0
S a5 AT 3 s S SEANS S
23 e nl 1 o A Rl Sl
Sladsha 30 S L o Wlos S 5 e
JrmS 1 T3 ol bl GRl330 5 8l
s Sllas ssdes s ok sk anllles .(8) S
S A5 00 W e ) S 4 S
23 S s ol S s
S5 e S pld IS Ll eyl
u_A:JL;fﬁ_.ﬂ s (V) 4_:3J§ o 8 anllas
allan ol gl 35 b jene K55 5 MTOR
S 25 4R 5 S La sls 0L
Led e sl oS Il el sLas)
Oy Oz o AL el gladsl o plis
3 S 9l i (Gl 5l Sl (650

Syl S S s e S Jaadbfﬁ.w Ly
e LAl 4 Wles S 0Ly Sladlls 5l gal 3 slaws
L lageldal o Josle Go b 51 s slacnSs
yls s bl JAJJL.(M e )OS Jlad
SImTOR askSv e U L ansslinsl b3 )|
ol 3 2b e plal WISP3. 55 e 5 b
et S s e 2 Pl g e Ne 48 sacre
G505 aadlas 53 (V) ol e o Jske A
S5 s el IS s ] el e O
sils ool Sl 58 s sl 28 Jllusl slad sl
r—“‘:tjj'it‘“' 03 =5 e ) Sl a5 L (V0)
ol LU izl sladsher b 5 35 (g5

AY

V) o e 5 A gl 53 o 5
0305 ol 8 S s Sladllas 345 ol L
Ll p S S Loy Sl sae JA&:
Sds i3 b bas e 5 la e RIUT
et i en 45 313 QLS () 3550 450 3
Sladbe 25 56 (S e ol Jd S5
s Jldet lad s <=Ld Lile Sl sae Jud!
o St g J_Mi, Sl b el pEI JUS sl
e Loy S5l o b Sl I ol o Sle
JUll slad b 5o ufw ol s Il .:.sjf
Slads las 5 bl Sl ana s 53 el Coly
S5 50 s e 33,5 e Sy
S Sk s (S ol 6
23 e ) 5 250 e ol LS G oS L
Sl el Sl 28 Sy SOk ann g 5 LSS
R P R L L QU JUsEE S
Al Johos 3 Shas 5, 5 AU (o s
SLo03 omS 53 OA) Sl f3n oy 3 405
dlsd 5 3 G b Sl s 3) 50 40 5 s
5 Pl SBb s o () e 2l 5L
S A s oS a5 glad s (555058550
e 5T il oS (605 55 s Aizus
Jles Wl 5 e Oda 05 b g s S Lasilin
lalas 35 PIBK-AKE a0l v s 53,5
e Sl u_azdt.(‘_.ﬂ e ) A lenls OLAS
S 555V 5 55 o Wb et OLS S
o=l s Ol 6,5 adlas s () Ll o Sl
ol 55y S S U Ll (G5 s
ol 5l S (TA) el SIS s Wy s
Al e Pten 0F adlS v s opl slaediS
Sy A 5> BAa O iege 05 el &S (VY)
et ] Al e aallae ol 3 ey



e ledl 5 K8 ogrlenr

Coly eSS g5y s lad 5 pe bz
(il 02338 planil OBy Sl 58 e s Ol
A Sl SAS 5sns 5o b aly 3 el 8
oS A U1 SN Uls e 1) el M5 Al s
A S 5 50 e SIS e S bl
Sl s 5 Bla La0) (- tege A o
by b @LAJ..\.JJ.e 3 odas b w L;AJJK;KNM
3 dE a5 Sl COL (55158550 cann s
o P AN S s s e S
Loataly 5o OLldds glad) 5 Lot Sl 5
33 it DS 5 g AT S L ek Ay
A a8 S 1 a8 e 5 S ol
e allen il s b il sl (SetdS) s
LSl o A5 sl 4 samma s T 20
say Lt AP Sl g e g Lol sl
s Slad Sdse il elan iy 3L LSS
s andllae (pl 5o a8 e Gla0) 5 Al S 55
33 ommlie AL Ul e tnl o s O

s o e 0 5l 5 S5 okl

e aallan ol L b llas (VE) ol 4 S
Sl 5 b M5 2 5 s IS
Bl SIS T g e LS 5 s e
Sl o o e bd Sse 5l 255 s s 5
3,8es 5 A0 B e lad e 2S5
el 4 Solambly 5 Sl s (s C
o b s A e 31 (S
5 La0s,0 Slandss e JulSS odiiS i Ol s
4B S s e SSASL SV
slad s 3 Sal s Olallas .ol
o 205 et M E SlaedSe 53 1y b S S
5 Lad 5o ol Coble glasllias 55 Llesls i3
s 02) Slias Cl aised 55 53 OLilees S
G5 30 15 58 55 (el Mg pde 5 3 W
JUCWVRE Y| G-V A WP [V >V Y o 200 W 1 E O
53 5 35h e bl i Sl S s g S 5

)15 e DI 3Ll s sladul

35 Ao
Ol slaeals L5JJJ.34;JU4» ol 45\;;“(4;.47.-)3[_3

&l

1.Anderson, S.M., Rudolph, M.C., McManaman, J.L., and Neville, M.C. 2007. Key stages in
mammary gland development. Secretory activation in the mammary gland: it's not just about
milk protein synthesis. Breast. Cancer. Res. 9: 1-7.

2.Bach, I., Rodriguez-Esteban, C., Carriére, C., Bhushan, A., Krones, A., Rose, D.W., Glass,
C.K., Andersen, B., Belmonte, J.C.I., and Rosenfeld, M.G. 1999. RLIM inhibits functional
activity of LIM homeodomain transcription factors via recruitment of the histone deacetylase
complex. Nat. Genet. 22: 394-399.

3.Baghizadeh, A., Bahaaddini, M., Mohamadabadi, M., and Askari, N. 2009. Allelic variations
in exon 2 of Caprine MHC Class Il DRB3 Gene in Raeini Cashmere goat. Am-Eurasian J.
Agric. Environ. Sci. 6: 445-454.

4.Bao, Z., Lin, J., Ye, L., Zhang, Q., Chen, J., Yang, Q., and Yu, Q. 2016. Modulation of
Mammary Gland Development and Milk Production by Growth Hormone Expression in GH
Transgenic Goats. Front. Physiol. 7: 74-79.

5.Bar-Sagi, D., Fernandez, A ,.and Feramisco, J.R. 1987. Regulation of membrane turnover
byras proteins. Bioscience. Rep. 7: 427-434.

6.Bolger, A.M., Lohse, M., and Usadel, B. 2014. Trimmomatic: a flexible trimmer for Illumina
sequence data. Bioinformatics. 30: 2114-2120.

AY



AT (£) 0 lowd d(0) UGS g ;3 Lyiidg iy Ay yabid

7.Booth, A.K. and Gutierrez-Hartmann, A. 2015. Signaling pathways regulating pituitary
lactotrope homeostasis and tumorigenesis, in Recent Advances in Prolactin Research.
Springer. p. 37-59.

8.Buitenhuis, B., Poulsen, N.A., Larsen, L.B., and Sehested, J. 2015 .Estimation of genetic
parameters and detection of quantitative trait loci for minerals in Danish Holstein and Danish
Jersey milk. BMC. Genet. 16: 19-25.

9.Fndrews, S., 2010. FastQC: a quality control tool for high throughput sequence data. 175-176.

10.Friedman, R.C., Farh ,K.K.H., Burge, C.B., and Bartel, D.P. 2009. Most mammalian
mRNAs are conserved targets of microRNAs. Genome. Res. 19: 92-105.

11.Gregory, P.A., Bert, A.G., Paterson, E.L., Barry, S.C., Tsykin, A., Farshid, G., Vadas, M.A.,
Khew-Goodall, Y., and Goodall, G.J. 2008. The miR-200 family and miR-205 regulate
epithelial to mesenchymal transition by targeting ZEB1 and SIP1. Nat. Cell. Biol. 10: 593-
601.

12. Gu, Y., Li, M., Wang, T., Liang, Y., Zhong, Z., Wang, X., Zhou, Q., Chen, L., Lang, Q., and
He, Z. 2012. Lactation-related microRNA expression profiles of porcine breast milk
exosomes. PLoS. One. 7: e43691.

13.Hassiotou, F., Twigger, A.-J., Pundavela, J., Roselli, S., Hartmann, P., Geddes, D., and
Hondermarck, H. 2014. Neurotrophin synthesis by mammary cells during lactation (623.19).
FASEB. J. 28: 619-623.

14.Izumi, H., Kosaka, N., Shimizu, T., Sekine, K., Ochiya, T., and Takase, M. 2014. Time-
dependent expression profiles of microRNAs and mRNAs in rat milk whey. PLoS. One. 9:
e88843.

15.Jankiewicz, M., Groner, B., and Desriviéres, S. 2006. Mammalian target of rapamycin
regulates the growth of mammary epithelial cells through the inhibitor of deoxyribonucleic
acid binding Id1 and their functional differentiation through Id2. Mol. Endocrinol. 20: 2369-
2381.

16. Jiang, N., Wang, Y., Yu, Z., Hu, L., Liu, C., Gao, X., and Zheng, S. 2015. WISP3 (CCN6)
regulates milk protein synthesis and cell growth through mTOR signaling in dairy cow
mammary epithelial cells. DNA Cell. Biol. 34: 524-533.

17. Jiao, B., Ma, H., Shokhirev, M.N., Drung, A., Yang, Q., Shin, J., Lu, S., Byron, M.,
Kalantry, S., and Mercurio, A.M. 2012. Paternal RLIM/Rnf12 is a survival factor for milk-
producing alveolar cells. Cell. 149: 630-641.

18.Katz, E .and Streuli, C.H. 2007. The extracellular matrix as an adhesion checkpoint for
mammary epithelial function. Int. J. Biochem. Cell. Biol. 39: 715-726.

19.Kharrati, K.H., Mohammad, A.M., Ansari, M.S., Esmaili, Z.K.A., Tarang ,A., and
Nikbakhti, M. 2011. Genetic Variation of DGAT1 Gene and its Association with Milk
Production in Iranian Holstein Cattle Breed Population. IJASR. 3: 185-192.

20.Kharrati Koopaei, H., Mohammadabadi, M.R., Ansari Mahyari, S., Esmailizadeh, A.K.,
Tarang, A. and Nikbakhti, M 2012. Effect of DGAT]1 variants on milk composition traits in
Iranian Holstein cattle population. Iran. J. Anim. Sci. Res. 3: 185-192. (In Persian).

21.Li, D., Xie, X., Wang, J., Bian, Y., Li, Q., Gao, X., and Wang, C. 2015. MiR-486 regulates
lactation and targets the PTEN gene in cow mammary glands. PloS one. 10: e0118284.

22.Li, Z., Liu, H., Jin, X., Lo, L., and Liu, J. 2012. Expression profiles of microRNAs from
lactating and non-lactating bovine mammary glands and identification of miRNA related to
lactation. BMC Genomics. 3: 12-22.

23.Lin, X.Z., Luo, J., Zhang, L.P., Wang, W., Shi, H.B., and Zhu, J.J. 2013. MiR-27a
suppresses triglyceride accumulation and affects gene mRNA expression associated with fat
metabolism in dairy goat mammary gland epithelial cells. Gene. 521: 15-23.

24 Melnik, B.C., John, S.M., Carrera-Bastos, P., and Cordain, L. 2012. The impact of cow's
milk-mediated mTORC1-signaling in the initiation and progression of prostate cancer. Nutr.
Metab. 9: 21-32.

25.Moghadaszadeh, M., Mohammadabadi, M.R., and Esmailizadeh, A.K. 2015. Association of
Exon 2 of BMP15 Gene with the Litter Size in the Raini Cashmere Goat. G3M. 13: 4062-
4067.

A



e ledl 5 K8 ogrlenr

26.Naeem, A., Zhong, K., Moisa, S., Drackley, J., Moyes, K., and Loor, J. 2012. Bioinformatics
analysis of microRNA and putative target genes in bovine mammary tissue infected with
Streptococcus uberis. J. Dairy. Sci. 95: 6397-6408.

27.0'Connell, R.M., Rao, D.S., Chaudhuri, A.A., and Baltimore, D. 2010. Physiological and
pathological roles for microRNAs in the immune system. Nat. Rev. Immunol. 10: 111-122.

28.0liver, C.H. and Watson, C.J. 2013. Making milk: A new link between STATS5 and Aktl.
JAK-STAT. 2: 2154-2168.

29.0rtega-Molina, A. and Serrano, M. 2013. PTEN in cancer, metabolism, and aging. Trends
Endocrinol. Metab. 24: 184-189.

30.0sipovich, A.B., Gangula, R., Vianna, P.G., and Magnuson, M.A. 2016. Setd5 is essential
for mammalian development and co-transcriptional regulation of histone acetylation.
Development. 14: 146-155.

31.Poissonnier, L., Villain ,G., Soncin, F., and Mattot, V. 2014. miR126-5p repression of
ALCAM and SetD5 in endothelial cells regulates leucocyte adhesion and transmigration.
Cardiovasc. Res. cvu040.

32.Raven, L.A., Cocks, B.G., Goddard, M.E., Pryce, J.E., and Hayes, B.J. .2014. Genetic
variants in mammary development, prolactin signalling and involution pathways explain
considerable variation in bovine milk production and milk composition. Genet. Select. Evol.
46: 110-117.

33.Shamsalddini, S., Mohammadabadi, M.R., and Esmailizadeh, A.K. 2016. Polymorphism of
the prolactin gene and its effect on fiber traits in goat. Russ. J. Genet. 52: 405-408.

34.Takahashi, R.U., Miyazaki, H., and Ochiya, T. 2015. The roles of microRNAs in breast
cancer. Cancers. 7: 598-616.

35.Tanaka, T., Haneda, S., Imakawa, K., Sakai, S., and Nagaoka, K. 2009. A microRNA, miR-
101a, controls mammary gland development by regulating cyclooxygenase-2 expression.
Differentiation. 77: 181-187.

36.Ucar, A., Vafaizadeh, V., Jarry, H., Fiedler, J., Klemmt, P.A., Thum, T., Groner, B., and
Chowdhury, K. 2010. miR-212 and miR-132 are required for epithelial stromal interactions
necessary for mouse mammary gland development. Nat. Genet. 42: 1101-1108.

37.Urbich, C., Kuehbacher, A., and Dimmeler, S. 2008. Role of microRNAs in vascular
diseases, inflammation and angiogenesis. Cardiovas. Res. 4: 581-588.

38.Wang, C., Long, K., Jin, L., Huang, S., Li, D., Ma, X., Wei, M., Gu, Y., Ma, J., and Zhang,
H. 2015. Identification of conserved microRNAs in peripheral blood from giant panda:
expression of mammary gland-related microRNAs during late pregnancy and early lactation.
Genet. Mol. Res. 14: 14216-14228.

39.Warnefors, M., Liechti, A., Halbert, J., Valloton, D., and Kaessmann, H. 2014. Conserved
microRNA editing in mammalian evolution, development and disease. Genome Biol. 15: 1.

40.Yang, H., Kong, W., He, L., Zhao, J.J., O'Donnell, J.D., Wang, J., Wenham, R.M., Coppola,
D., Kruk, P.A., and Nicosia, S.V. 2008. MicroRNA expression profiling in human ovarian
cancer: miR-214 induces cell survival and cisplatin resistance by targeting PTEN. Cancer
Res. 68: 425-433.

41.Zhang, C., Zhao, Y., Wang, Y., Wu, H., Fang, X., and Chen, H. 2014. Deep RNA sequencing
reveals that microRNAs play a key role in lactation in rats. J. Nutr. 144: 1142-1149.

42.7Zhao, Y., Wang, P., Meng, J., Ji, Y., Xu, D., Chen, T., Fan, R., Yu, X., Yao, J., and Dong, C.
2015. MicroRNA-27a-3p Inhibits Melanogenesis in Mouse Skin Melanocytes by Targeting
Whnt3a. Int. J. Mol. Sci. 16: 10921-10933.

Ao



%

Gorgan University of Agricultural
Sciences an« d Natural Resources

J. of Ruminant Research, Vol. 5(4), 2018
http://ejrr.gau.ac.ir
Identification of the major miRNAs, target genes and signaling pathways

associated with milk production using miRNA-Seq

H. Farhangfar' and "E. Behdani’
'Professor, Dept. of Animal Sciences, Faculty of Agriculture, University of Birjand,
PhD Graduated, Dept. of Animal Sciences, Faculty of Animal science and Food Industry,

Agriculture and Natural Resources of Ramin University, Khozestan,
Received: 09/07/2017; Accepted: 12/20/2017

Abstract

Background and objectives: miRNA molecules are short sequences (with an average length of 22
nucleotides) that affect many biological processes by regulating gene expression. Milk production is
a physiological process that influence by a large number of genes, miRNAs and signaling pathways.
In this study, identification of miRNAs, their target genes, and signaling pathways were done by
investigation of interspecies conserved miRNAs in mouse, cattle and goat.

Materials and methods: In this study, to investigate the molecular mechanism of miRNA’s
effect on milk production, firstly data were downloaded with accession number GSM1295115
for mouse species, GSM 1295118 for cattle species and GSM969927 for goat species from GEO
database. miRNAs was identified by mirDeep2. In this study, mirwalk database was used to
detect target genes of miRNA which expressed in all three species. The mirwalk database is also
able to estimates target genes based on the other ten databases’ algorithms. Visualization of
miRNA and their target genes’ interaction was performed by cytoscape. DAVID database was
used to study target genes-related gene and signaling pathways.

Results: According to these results miR-93-5p, miR-27b-3p, miR-27a-3p and miR-200c-3p
genes are the most important miRNA and Pten, Rlim, Pdikll and Setd5 genes are the most
important target genes on the process of milk production and pathways of milk components
biosynthesis. One of the most important results of this study was detected SetdS as the novel
milk production process-related gene. Gene pathway analysis showed Focal adhesion pathway,
MAPK signaling pathway, mTOR signaling pathway, PI3K-Akt signaling pathway and
Neurotrophin signaling pathway were the most important of gene pathways which activated by
target genes and have a vital role in milk production biosynthesis and development of mammary
glands. These gene pathways could affect milk production physiologically and biologically by
influencing on the development of alveolar cells, increasing branches, developing of mammary
tissue, amino acid metabolism, influencing on the endocrine system, prolactin signaling
pathway and influencing on the milk compounds synthesis such as fat, protein, and lactose.

Conclusion: According to critical role of the important miRNA in the studied network and
target genes of these molecules and also investigated gene pathways, it could be used in
breeding programs as the most important regulators in milk production process. This
information could be used to introduce and apply candidate genes for the gene assisted selection
method or genomic selection. Given that milk production is along with development and
differentiation of breast tissue, miRNA molecules and target genes which investigate in this
study could be the good candidates in all developmental and differential processes.
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