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Establishment of equine microRNA atlas and its
application for diagnosis of major diseases.
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I. A&

22 microRNA A= Az 9 Fa W Avke 93 L8y 7

I 477/12e 53

o Z+E A7l & =2
AT microRNAE FH 3l o]& vlge g Zo 73 Azld 9 WEd FeEE JAdsis
7120l WL Aty edE microRNA A AEE 7ules @] Addy &5 ~
Ef2E Hrtd £ A @714 A 7Y g3t ted e ggn

m a7 Ade g R He

2 d7FAe] A7 g2 2A (D AN 29 AA microRNA 537 A= AR 2 AF
A RT-PCRY =¥ @) tiEzd 2 ZHEAd AGE 29 29 AY =32 2 94 74
microRNA 3 2 AZ AR (3) A4 29 44 € 45 3] U piRNA 37 Age 2
W42 g AAA R pRNA E= (4) &5 IE 294 ] I 5012 microRNA A A
AZ AZ (5) Z2 microRNA microarray A& 2 AA Y A8 microRNAS F84 AR
2 AFolgte F Ol FE29 AY d+E 74 FEUh microRNAS &4 ¥ 248 93l
o Az RNA| tfgh zAd 471 AE 47 microarray 7I'Ho] o] &5$1

V. &7 7 23

(D Ad 2d 25, 7%, 2891 2394 FE5de= 2EFITE 292 579 microRNAs, &
7] EolA el 166 &H9 microRNAs, 7]|&o] RauEe] A &€& 320 £=H9 Y22
microRNAs &=, A4 @ @44 ZEAHOoE AEEE 306 59 microRNAs 2

g4 Eo]lAHQl 6 252 microRNAs &=
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SUMMARY

I. Title

Establishment of equine microRNA atlas and its application for diagnosis of major
diseases.

II. Purpose

The present study was performed to identify the expression profiles of equine
microRNAs in the major organs and establish the equine microRNA atlas. This study
was carried out to examine the diagnostic potential to evaluate physiologic status,
including exercise—-induced stress, and pathologic conditions, nncluding laminitis, in

horse.

. Contents in the research & development process

The present study is categorized into 5 different goeals, which consists of (1) identification
and characterization of equine microRNAs in plasma/major organs in normal horses and
establishment of quantitative RT-PCR technique for the microRNA expression, (2) identification
of equine microRNAs that are differentially expressed in the plasma and laminae tissues of the
laminitis—induced horse, (3) identification and characterization of equine microRNAs in
plasma/major organs in normal and laminitis—induced horses, (4) identification of microRNAs
induced by exercise in horse leukocytes, and (5) microarray production of equine microRNAs
and its wusability test for the specific microRNAs in laminitis—induced horse. Two
methodologies, including Next generation sequencing and microarray, were mainly used for the

analysis of microRNA expression.

IV. Results

(1) Identification of a total of a total of 292 known and 329 novel miRNAs in normal horse
tissues including skeletal muscle, colon and liver, a total of 166 organ—specific microRNASs,
a total of 305 microRNAs, including 6 plasma specific microRNAs, in normal horse blood.

(2) Establishment of quantitative RT-PCR technique for the measurement of microRNA
expression

(3) Identification of a total of 4 microRNAs expressed in the laminae and plasma of the
laminitis—induced horse.

(4) Identification of piRNAs in major organs and plasma in the normal and laminitis—induced

horse.



(b) Identification of a total of a total of 229 known, 326 novel microRNAs, and 114 mRNAs in

equine leukocytes induced by exercise.
(6) Microarray production for the equine microRNAs and test for the usability of the selected

microRNAs in laminitis—induced horse.

V. Research & developments cutput and application plan

The present study provides innovative and non-invasive diagnostic tool to early
examine the major equine diseases. The present study enriches the horse microRNA
database and provides useful information for preliminary methodology and basic data

for further research dissecting bioclogical functions of microRNAs in horse with various

physiologic and pathologic conditions.
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2. 8% 7|dH #& A= &%
AGGel Tz dls A2 obz] AgsH HEHA A SR, drste ] FHo 74, Ad 7
4, e Hed 4, A Add seE Ha) Ay AHZo|EE 3F Fof A o 2

g R} ok o] § #93 Aol BstRel ek AU, AUt ARSHUA A7 WA 5
AAgo] E@%o] Hugei ol g old A daAFol °J§‘J-6}7ﬂ 0]34012]%1 oo} 23 1A} Yol
drbn wolzly, d¢ wesE X4y 9E Adelth APdel Ay we AL Aol
g ko B A% vy ARdos AYH A 3 1%01 W90l A Qo] Aalel 4

B2 Eoler @itk AR 29 Te A% 552 sAHY AB: A5 A @
45 ¥t 20

3. =& AEE T WE FAF &2
Aodoz vd @ @350 AgEe=z ufs W Aq = 24 dig Az A4
AT gu v=9 287 & gidez A 1008 =9 A} A wred ¢ 13%2
D A F7kl AGAE 7R Fol AT AL i A #e] ¢k 4%2] @o] B3 o]
AE Heoen, By ol &9 75-15.7%7F AQEL 71 Aoz A9 Y. T AG
Ao A, A5 F Aale] E AAA &2 A
A9 EAo] AAR =7 F 4B @R o & ¢ Sl50] ¢
e A oE AQEE §5 AlEHolH dEE gEAlE A
M, B3 o] mE 7AH v & T A4 A &L

4. 94 53 R I 444 2]%1?} H 5o)3 kg

AEg Fleto] A7 Jled 2 oFE gAsEY ey o)A nl, e A g9 dNFH =R
AgstA =7 FAdElE AL o $ 013'40 dolt), @A77 = 94 4T g8 AuF
=, Packed cell volume, B2}2] e Hzk AA7) Hy A s 9d2R T =0 AES

= ki
Ada o F B &8st fAoh shAT Aol EA% olg Az A
B dEHeA R HetAl WEEHE Axmel7] dEd, T AFGEE 5ol
Bl @ o5& dAst=d olgshs AL @A o
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1. 47 73
22 nFIE 7HA FEA ol T8I FEoH FUl & oEY ARE AF5HeE §
Atz A AF A Ad L (B A9 AR, 98 A10451%, 2011, 3. 9. &%, 9,
10. A1) dido] s o] AR AdEo] AP glon, 43 A" 77 7M7) =
2 5% AYoEAY Fhed A ZA 5 2x gtk 201149 71 &, & 3% 3478949
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Expression), AF (Metabolism), A3¥57] & (Cell Cycle Progression)¥
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A 2o FEo % AE#HA ARE SHS] YaElA A, AF A, 9% A4
(Lactate), 7}ElEo}5l (Cathecolamine), WMlEFI =27 (Beta—endorphinie] 274 W &
o AEehd B4Es AEHI oy, O A4E 9 SoEE of w2 HolH
o A2s AA Axe =2 835,

34, A9 APAEEHN microRNAY &8 754

1. MicroRNA

MicroRNAs+ 19 ~ 26719 7] Aole] gl AS AAlet i A &2 RNAZA, A RNAC 2%
o] fAA Bdd AF 2EsE 928 993tn k. 9FR AARF, off T AFFE R ¢
olUel #%F T4 F4F & ‘3% Hhol 2o AE EAlsH AFEHCZ dlg- & HEHY QY. 2
29 o WEW microRNAE 24 FAdA - Fod A4S gste, 2d %W*Ol tc
Aol Aoz dux Utk A Af AT OF Fd 2 A

FdE Holn|, AR & Aol Ea FAHND E & d7= AY F

of| A %= microRNA 7 2 S By 319y, A2 A4 nfei2E o] 3o microRNAs7H
A2 £33, 225, olF E B3 Y 7|5 F % ke ¢gaA AeeH 7l w88 o
&g Aot J&S SEsolth @ T, A 5 il fE 719 microRNA #d S B4
g Bad mEd, W 42 microRNA7ZF 2] So]d-2- Holy, B3k 32l o34l dud dhg
A= e A g ol ol A

A7 2 A BEE microRNA 975 F2 4 gidom el gu ek
microRNAZ} 248 ¢l Soldoz desz glon dr|def & A4S Agdsta el Jetst
of o] Z7] g 2 A &S] E&etuA e w¥o] ALHDT YUtk Y384 2Y F 954 2
A7k HAAd AYos delFl A%d EE 2 # Chrone's disease &4 @A microRNAS] &
3 ol A2 gEo] &l Hlow, dx 9 o &4 HA 9= microRNA £ o]&3 4
A A 728 A g 52849 bsAE 453 v 9.

’

2. 71¥€ ZAAP33 ¥ X3 microRNA ZHAPH Y F4

microRNAE AN 2o @A ule @2 =& EA%cH 93 microRNAE AL RNA
(mRNA)SH= 22 RNAse A 59 @it F&ll a4, 43 dl5e v pH W3l 5o 95 2A4d
ot EER] g A oM, microRNAS A= ALt A Aol o] 284 aqld
et WdR7 Y d@Fo] WEHo|m PFHA EARYT= AR duA Uk o
microRNAT AgAUdA FEL Bg Ago] Zlestoz HAd] ujgke] &A% o]& AET
T O9AAL, W3k A B A skl sk uhet vl A e WE ARk A" g e BRE A
da99 27| Ay &5 ZEH2Y FH4o] 7hsd AA AR E ¢ Ak

1% 42, 47 A%
 A7e o4 BPIE micoRNA AA AXE F4an 2F Arld SoHeos
EASE microRNAE 7Hdle], o8 olgstd ztE AHA 2L WA Ade A
= 97159 PHe Adetud dvh 58 w4 g9 AWold AAdo e Fod

_10_



299 AQGYR 2 25 2EA2E I ol EASE micoRNA BE FEE of
g3tel 54 ¥ & e oA PHe Awstus @,

£ ATEY A F4 % Ay 0@ MAEH Awiy Fustn A5 29 5
4 74 de tAsel % AL 27 Awded AAF ARE AsA T AOE dNE
o &4, e Agel td AuEe e 5 ot £uvt 4 PES J2dese A
% Zold, 2ol Azl el ta A0 BAY IR (JEAoR £F Asdsd g
@ A ADT UL A0E B,
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A2d =He ZlsiE 3

14, s 944 3%
U @ Aol AAew HARA A Aberl, 9o Westd, Aeldd AT ol tig

010141 9= Ao},

1. Bey a7
9o Weled A7 4% W) U AW L 43, 28 A=e A= B3 2
R 5o 9@ ATE ga WFE Aotk 1 Az 2EmaoEmsd o  42E A
Aae A D v AAA W AP COPDIE A & 5¢ JAACE wae A
] ,

o thall 4wt RuEAct (Ryu at el., 2004; Jeong et al.,, 2010).

2. A8y A7

o] Atk Ao A dEE Ak 2 g FAA 2 AAA g g@
A7 FAFH glar, A2 3~4dd &LEA o|FojAY. 53, H4 NGS 712 4&
& A, A, 3 9 dgs) Fol did A7t FHA R o]FoA 1 9l miRNA,
piRNA &3 ZZ small RNA o A% A= 7|9 AAod, Zo g dixd A+
AbelE BE3 20,

rﬂ. o

A7+ NE
NGS 7|&2 243 RNA A 242 & &5 #A/%F 450k 4414
AbEl 1 £ B4 49 &5 Bd" A dE ARE FRe (Parkt et al,
2012).
wd A ddE ADAMTSA fFdake] g dF 9 g 7N &
AbE 2 Metgor, i &5 A/F 25 J $EE 24 A gE 43

e 835 A=2E AFg (Moon et al., 2012).
AFnke]l W& Genome Add, RNA A@74, SNPH ©lolHE 2% 4 &
Ah# 3 Aste] g 2 Ve ARE E2dste 2o fAA dHoldl ok o] EH]| o]
28 75T T 733 AHT HA A= 7]UF Lee et al, 2014).
De novo-hased analysis (DBA)E F3&l HFrle] & 28] dddo] ¥t
Atd 4 d FdAE AEd. 2o &5 58 ddAge] BEd S 7R Pak et al,
2014).

MeDIP A@AQ2 53] FF7e &% /% DNA dAE3 & 4% &
AH# b gk Z A FASHA wigtel 4o U—}% DNA # €3l tigh ARE SR
(Gim et al., 2015).

3. mRNA 2 T& small RNA #&d 9+
Ut AEdEl miRNA 2 TFHE small RNAY tig 22U d+7E @4 A5 AAo|th A

_12_



gold o, 4338, ¥R

g 5 wegd avg 2 9 J2"9, Aty aTsol
miRNA 2 UE small RNASH Gmste] @3] o] 2ol QJout, B2 2dd /Ed o
@ 7124, gelad, degd dTE uuse, 53 2o @ AT @ARA oA

A % Skeh

=0 & ATE Ay gua] AaEn flon, Ma drd ool Welss, Awdt
A % ol WA 4 ool An e AR,
1. §esy Ay

go] el dye Ae A= 3&“&‘4 Rug teo] o3 29 A4EE, =34
4y, 2EEF ) dE JAd 2 52 9% A2 AAARY T=, 291 2L
A= 4 /g 3y Tl dE 4+ "HT gdst7) o] FojAm e dAot F3,
G d fAA R AAA, 282 Small RNA 52 o] &3 W did 44 AE AL 4}
#7F O B Hdvh e gidk Alsls ted 2o

a7 W
a3 gl | AL FE Aaute 2224 A g AAAE
At 1 % b= 223 &4 BdE 2 5 b i ks (Frisbie et
, 2010).
T;“é 25 A d A7 Zolq 4% v3E EYEHPS] Ad AEE AA
Aty 2 AEE A3 U Activin-A @ AL AAE, @ MEH U=542FF Fo Z

& 7le4d S AAg (Forbes et al., 2011).
iiﬂ]i‘ﬂi 7= olgste] AY

Ah#E 3 w8k APOA-TV ‘ﬂ“ﬂié]% A4

(Steelman et al., 2012).

NGS 7= #A&3 small RNA A &4L& S8 29 &

Abd 4 miRNA FdE 48 =dFF B ts miRNAY A4 g2 44

A E miRNAE Zﬂf\]% (Desjardin et al., 2014).

NGS 7|=2 283t RNA A7 H’HO 3 Agal Z

A 5 A AN FEE BT AGY G 71l dig ARek Alg el A

& H& AAAEEAY JtsAdE AXNE (Holl et al, 2015,

2. 4e%H A7
%o Ao AT 7

$ 3 5, o4, =8 5 OOR A%y A7E Sde
3 glew, waaA, G 5

[e)
o
FAA o2 77t o]FolAm Stk O dE Z2H LY

e —1N
g,
o



A& Agste] AFele &% A/5 24 v ddg naudily 5 AEd 4 =
e E & F de AAAERAY sde ok A 7 HaE vk (Scoppetta et al,
2012). z2# #4 NGS 71*0 423 §AA, HA, small RNA 59 dFE= A=d
A Ao A ww g Ao

3. mRNA 2 T}2 small RNA #&8 AT

3 FEE miRNA 2 O-E small RNAC tg =2 5= NGSst AE2A RS 453
of 7123 ATHE HASHY A77MA L3 AYPHu vk 2ol diE AbdlE e

e

Ao afls-

A 1 In silico ¥41% Ea] o miRNA 354715 H=& 228 3 EA 4
A =8k (Zhou et al.,, 2009).

A4 2 <28 (myopathic) S 7H 23 A4 B ZHolA &d Aol& Hole
miRNAES A8& (Barrey et al., 2010).

A1l 3 Zo] v 2 Fujg 2y3ddA dd alelE HolE miRNASES AE T
(Donadeu and Schauer 2013).
9 s WA Y cell-secreted vesicles< miRNAE ¥ ghslar gl on],

Abd 4 voung mare® old mare?] W¥ oo Mz JE miRNAE 71A 12 9\1‘414
72 29 (Silveira et al., 2012)

In vitro A A=Y &8 }4 ¢ EF 5014 miRNAY 2d w39

A+ 6 - )
I target FAA 7 (Buechli et al.,, 2013)

34, .9 Z|&MNLAZ oA A5t B A9 $A

2 g7 vl Rg o s 978 FE 25 BdHE AYdd 44 gdE AAE
o, Hesty dye vug Aok aela ol tigh o miRNA 2 1 9 small RNA
ot By d7E dAFs AF o

a8l 7Y A7 FE HEchy darl 23] o] FolAn ey, AEsty dve v
ol gl AAolt} &3], Do miRNA 9 7 9 small RNAY #E" A4 7249 A&
A stne Helshs, Ak dFdAe vng Aol

mikNA 2 2 9] small RNA] tigt & 7t Wejsty, Azsty A7t 719 o] 7oA
T gA g e, B A7E A4 7149 NGSE H45k) 29 miRNA ATE 72
S ELEREEEFELEEEE RIS S

71239 A & d7E HxE Ty I, A, =25 23, A9 T4 AA
miRNAS £AZ 2gdAd oz fHsgoen, Z+ 22 Eo]Ad miRNAZ &9 & 4+ 919
718]a miRNA 9]¢ ThE small RNA 5, piRNAE 7F 234 FHz=z gHsigoq, 7

_14_



#7 Zoldql pRNAE #UstActk 7 9 7@ TeAA & A2 mRNAE F2¢
T olsich, gd8ts Sdol s A9 2% miRNA 2 piRNAS] 24 H3E FHAx
TG

rZol AQY AL A AAAE miRNAY piRNAE AT, L3

g Eo JEngH o A sd AAAE WP SFsach
A sl AE 250 hE sty Woll 9% mRNAY Hd WIE 3
o el 25 @ AndsE ART F b AR AAAE AN

A 71E aTEN AR, T Bd AT Eob 3

ojg} o] B AT o]
A oli, Yo7t & oA E & F AL A2 J|dHn
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A3 AMEsS UWE R 24

I'IJ

12, A4 29 AA R 7] 5°14 microRNA FAF Ed ¢
& AL R A% RT-PCRY &H

1. 2 4% A7|28H AA mRNA 7154 E E4
2 d7Ee AAdd 7] AdEd 24EE olkstd AN 29 ZE FAr] fH
microRNAs?] | 2EE HlA #zx= SR3AS

7t 29 Z4F A7) 45 2 AA RNA ¥ Quality ¥4
OJN— 74}\]_ ol odﬂ- tﬂﬂ@_}x—l 74}\]_3 EO]_O:] Hg

A (A%, 14, 28)e Agsgon, Azte A%
"ﬂ:ﬂgu]‘.

i
PN
B
o
!
o
i
cy
k1
HE
fo o
g
Sh
Z
=

1}, Small RNA cDNA library A3 2 NGS (Next Generation Sequencing)

Total RNAE #7|95& o|&8ste 54 #Z7] (18-30 nucleotide size)E & 3+ H,
[llumina HiSeq 2000 machined ©]43}lo] 50 bp single—end & ¢}o] 240 27 A& 4
H (NGS; Next Generation Sequencing)2 53§ &},

t} Small RNA annotation

A 4] d EAHE o] &ate] 7] AEe] 2A Y small RNAs tid ARE 7|&
o d&ElAd = 97 AE "Hely W ol (Rfam/Genebank)oll €A A1#A microRNAs Al €&
grstgdon, old g3 dHely§E ulx NCBI SRA (Sequence Read Archive)
database(http://www.ncbi.nlm.nih.gov/Traces/sra/)oll &2  (Submission  Number:
SRA058305)2 gk

2}. Identification of microRNAs

2 A58 AAY 47 A4d 24H S o]l &35t ;ﬂj‘é' oo 25, %, 18 A3

A FEFoRE HEHT 202 F79 rmcroRNAs #FAAE (A) & Frslgleq, 7|l& ¢

:|1°l] Buge glA e 329 -;ET'] A E & microRNAs F,V-E B) & 4=%

- Bg, £ d7Es AN 9o 25, ¥, I 24 o)A dEE Bole

166 %79 microRNAS FH2EF FHslolow, 7|& d7e) Bu=He YA &L 199
Z52 N Z$ microRNAs F2EE 22§
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Muscle

Colon

Liver

det: 10.137 1 owrnal pone J033662 g0 02

(1) 2} Ho|a 9] representative list of known and novel microENAs

known/nov | :
Organ i micreRMNA Matws miRNA saguence
Liver known eca-mir—4593b UACAUGGUAGGCUUUCATTUCATIL
Livear known eca—mir— 126 ACATTAUTUACUIIISGUACGCEC
Liver known eca-mir—- 122 USGAGUSUSACAAUGGUSUUUIG G UC

CAUGCCUUGAG UG UAGGACCEULIGEC

Livear known eca—mir—532 Al
Liver known eca—mir-374a UUATTAATTACAACCUGATTAAGIUIGU
Liver known eca—mir—19a AAGAAGAATUCTAGUUIG TS CAAATT
Liver known epa—mir—424 CAGCAG CAAUUICATGUUIITIGAAG
Liver known eca—mir—148a CACUCCGACUCUGAATATIG ATTAG AAG
Liver known eca—mir—67 1 GUCOCUGGAGGGGCUGZAGGUGAUIGS
Liver known eca—let—Tg GCUGAGE UAGUAGUUUIGUACAG U
Liver novyel Movel 00540 GTCGETTCTCE COGAGACTGAGGTC
Liver novel TE1204R4085—m001] bp | TCTGGAGGACGTEGEGEAGTAAGCT
Liver noyel Movyel 00594 AGCAGTAGGGGTAGATAGAGCTGT
Liver noyel TE1204R4085-—m0004 3p | CAGTGCAATETTAAANGGSCATT
Liver novyel Moyel 00070 ACTAZGACANGGAAS CTGGCAGA
Liver novyel Movel 00310 TAAGGGEEGEGCAAGGGGCACGS
Liver novel Mowvel 00505 TACAGTACTETGATAACTEAAGS
Liver novel Mowvel 00270 AAGGEETGAGGAAGACATAGTGG
Liver novyel Movel 00218 AGAGGTCTTCCATGATZ CATTCS
Liver noyel Movel 00246 AGCCTCAAGCAAGGGACTTTGA

(2) && ®/e| &9 representative list of known and novel microRNAs

knowafnovw

Crggan n micraRNA Mature miRMA sequencs
Muscle known eca-—mir-615 SEEEEUCCCCEEUE CUCGEATCT
Musecle lknown eca—mir—1-2 AAGCUAUZGAATTGUAMAAGAAGUATG

_1?_



UaU

Muscle known eca—mir—489 GUGACAUCACAUAUACGGCGGCU
Muscle known eca—mir—29c—2 ACCGATUUCUCCUGGUGUUCAGAGU
Muscle known eca—mir—190 UGAUAUGUUUGAUAUAUUAGGUUGU
. AGAACUCCAAGAUUGUUCUGCAGAU

Muscle known eca—mir—492-1

CGA

AAUGGAUUUGGUCCCCUUCAACCAGC
Muscle known eca—mir—133a-2 e
Muscle known eca—mir—652 ACAACCCUAGGAGAGGGUG CCAUUC
Muscle known eca—mir—208a GAGCUUUUGGCCCGGGUUAUACC
Muscle known eca—mir— 138 CAUCCCUUGCAUGGUGGAGGGUGA
Muscle novel Nowvel_00640 GCCTTTTCCTCTCCAGTCTTGC
Muscle no vel Nowvel 00210 CTCTCCTGAGGTTCTGCTGACG
Muscle no vel Nowvel _00073 TGAGCACGCTGATGTCTGCTG
Muscle no vel Nowvel 00002 TGGGAGGTGGATGTTTACITT
Muscle novel Nowvel 00462 AAGGATTGAGGGTGGCTAGGGTCT
Muscle no vel TG1204R40686—m0040_3p TACGTAGATATATATGTATTTT
Muscle novel Nowvel_00560 CGTGGTCGCTGTAGGGCACGTTTT
Muscle no vel Novel 00273 TCCTCTTTCTTTGCTTCCTTCT
Muscle novel TG1204R4090-m0O006_3p | CCTGCAGATGACTGGACTCCAG
Muscle no vel AATGATGGTAGAGAGTGTCCT

TG1204R4083-m0018_3p

(3) 2% 5] ¢ representative list of known

and novel microRNAs

known/nov )
Organ : microRNA Mature miRNA sequence
e
) UCUCAUGGCAACAGCAGUCGAUGGGC

Colon known eca—mir—21 .

UUAAUGCUAAUCGUGAUAGGGGUUUU
Colon known eca-mir—155 .
Colon known eca—mir—150 CGGUCCCUGGUACAGGCAUGGGGGGCA
Colon known eca—mir—106a UCAAAGUGCUUACAGUG CAGGUAG
Colon known eca—mir—124 UUAAGGCACGCGGUGAAUGCCAA

UVAAUCCUUGCUACCUGGGUGAGAGUG
Colon known eca—mir—-500-2 c
Colon known eca—mir—-539 AUCAUACAAGGACAAUUUCUUUUU
Colon known eca—mir—502 AAUCCUUGCUAUCUGGGUGCUAGUGC
Colon known eca—mir—501 CAUCCUUCGUCCCUGGGUGAGAGUGC

: UAAUCCUUGCUACCUGGGUGAGAGUG

Colon known eca—mir—-500

uu
Colon novel Nowvel 00593 GGAGGACGGTGGCCAAGACAGCTT
Colon novel Nowvel 00401 GGGCAGGATGAGAGGGCTGETCCCT
Colon novel Nowvel 00163 TAGGAGTGGGAGAAGTACAGGGTG
Colon no vel Nowvel 00620 AAGTGTCTGGAGCCGTGTGTTGTA
Colon no vel Nowvel 00211 AGAGGTGGTAGTTCTGAGGATGGA
Colon no vel Nowvel 00410 CGGAACGTGAAGCTGGCGGCCTTG
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Colon no vel Novel _00279 AGGAGCAGCTGGGAGTGAGCAACT

Colon no vel Novel 00148 TAGCACCATCTGAAATCGGTTATA
Colon no vel Novel 00574 CCGAAGGGCTGGCAGGGATTGGGA

Colon no vel Novel_00362 AAGGATCCTGGCTGCAGGTCACG

2. microRNA®] A%3 RT-PCRY &d
B ApEl e A @o] ZA7)o A F#i3 microRNAS] HEAFE wtEFolu dAHA =3

3t 4 9]+ Stem-loop Real Time PCR 7| < Ad A oA 33l

7}. Stem-loop Real Time PCR ®3-§ microRNA A A

NGSE &% Hda A7 Z27E vtge= 2o &F, 2%, 18)a 1 oA Ao &
o] ol o Hy  AEJF 2 microRNASl  miR-122  (Sequence:
UGGAGUGUGACAAUGGUGUUUG) & A< microRNAZ A

. Stem-Loop RT-gPCR <& ©]&3% microRNA %&
miRNeasy Mini miRNA detection Kit 2 Applied system® standard TagMan PCR kit
protocolE ©] &3t microRNA quantitative real time PCRS %l 8idt,

o A3 2 944 o9

Stem-loop quantitative real time RT-PCRE o|&3dtd &8, A=A gz 7ol A

miR—122§4 TE FAEL 2T  Asen, ARk oz Ctghd RPMake Rhel#HetE A
S U319 .21 stem-loop quantitative real time RT-PCR 713} NGSE 53 237 U

mlRNAA T oo dAvtdoz AAAAE Hole AL U

E_% 7E=|%|‘ ?—I-ZC; § Muscle, miR-122 e ==
Ct value 18.15 26.61 22.66 ’
RPM 631,229 | 99,491 S
B A7 ELE Stem-loop quantitative real time RT-PCR 7|¥ 9] &HE 535t FHYSHA
HZEE miR-1229] 4@ & EA 1 AFE F A& HHE GHsleH, B 7499 7]
He Zo] AN =2 HE AEgd 2o wWel microRNAE 27] g AEEH A X
2 &8 7 8% 7ol 2 ALE dddin.
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23, A% 29 €F U microRNA FA3F ¥ F¥ FAl

2 A7E2 A g7 A2 B S o] 85t AW 29 23 W microRNAsS 24
Eg A4 3z= ZHAGUS

7h @4 Q9/dF A& 2 A4 RNA 2 Quality ¥4
a4 FdAr 2 oda BE g AArE 8ol dHel g AR 2E AAGd du/dg
g 2zFYon, 22HE £ &2 total RNAS B3k

}. Small RNA c¢DNA library A2t 2 NGS (Mext Generstion Sequencing)

Total RMAE A7]|9EL ol&sld £7 37 (18-30 nucleotide size)l =& 3 H,
Nlunina Hi%q 2000 machine g ©]&3}e BD bp single—end® €0} atA] 47] 44 E4
H (NGS; Next Generation Sequencing)2 T3 g

t}, Small RNA annotation

A 47 A2 B S o] 839 47 AEe] 2FE gmall RNAsY dist FJEE 7|&
of &HA 2le 47 A4E HelH Helx (Rfam/Genebank) ol A4 A microRNAs A2 &
BHsig2n, ol¢ ozt delHE PR NCBI SRA (Sequence Read Archive)
database( http:fwww.ncbinlmnih.gov/Traces/eraf)d]l 5%  (Submission  Number:
SRAOBS221)2 sk

g}. Identification of microRINAs

2 47de 40 97 AE EMHEL ol getd FA @] a4 Wdeid FEALE
HlEe 306 F72 microRNAs d&2EgE B, = F (D 163749
microENAs7} B #1719 & 9y <22 Jegd 23 (2) 27 dedd aedEHEs
44 107] microRNAs &, 6] microRNAs7} €3 Ee|dejgh= AL =T o] o (8)
¥ 7 micraRNAsTS] 97 74 BY& Y (Lee et al, 2018).

Library #1

Library #2 Library #3

(D e 37 (@4, o4&, et Y nlm
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A %"ﬂ*%"%’*‘%" R A L
S PSS, S

Q‘*q“‘ QT ©

- 87/ microRNAs?} ¥} A7[e] 8]3] SeA EEo] 2¢¥] <4 %o, 8Ll
microRNAs7} W] 249) o] 2

(2) §% H0]3<] microRNAs

~ eca-miR-21 ~ eca-miR-486-5p
o 15 g S 40
L ™ a
B 18 Z 2

s fbbp
: : z Lu B b
Q Q

SO AR

S 15 a )

% 10 i x 10
: A
FH SHS

~ eca-miR-223 ~ eca-miR-191a

o 15| g © 50 g

i— 1: i g 25{ i "

bbb bb
o - = D
5 0 & o

SIS i

- eca-miR-21, -miR-486-bp, —miR-24, -miR-92a, —-mik-223, mik-19la7} ¥ &

o|ldez H¥Ey.
(3) 84 microRNAs 97 74

_21_
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540 I 4 I ul?l IEII

§ 20 [ ! HI * -

3 v

o v

o 0 — .

w Plasma Colon Muscle Liver
B

- a

16 I I

- '|' * *

- * a %

= & b * ko kF* ko, Ko

g 8 aﬁ'i 1738y L 3bb babob

gu I Logl 1.1 1.1 H3lA

L

Plasma Colon Muscle Liver

Adenine M Uracil B Guanine [ Cytosine

- ¥ %74 H¥ ¥4 microRNAs#] Cytosine 719 3 (AT @Ad7)dH=4
QINR)*) ¥& %3 BX 713

38 & AgLEd g miRNA ¥£¥ ¥ 2 YYAE miRNA
Cle=

A 47] 48 EEE o] 8l Sz Ho g3 AYE F4 A/F miRNA WH
HalE dals 2 A7l By, B AlY Se0]8 AY9Es HAAE mRNAE A=
T W=t

7w AgY 29 AR
£gud FE 53 o9 A9
BtE AL, 2 TE AL AAL A

Sk HYE 7 g@ote AdE 24 g9/4d
Hte 2 S8 E (Kwon et al,. 20130,

1oAY 8 R g 99, A9 % F£ 7] ¥ mircRNAs @Y <%
A 427 A8 BEAEE o] &5 AYge] v A/F ¢ BT AY =23, 282 =
F& A7 W miRNAY 2 A4S Hlm B4

} AY el HPEY 4N E nRNA G=
miRNAS] W3 Fges vlm Edfgesd AYd U 935 Y 23 Solxex H
£&e B3 Yo &7 miRNAE 24

(1} BE=ATF JA}
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- Y R3] hE SUEH A, FF AF ol L3

(2 Ag=d 2 ¢ =4 37 W microRNA W3

A% 21 cew | 1 7 P2 87 e
eca—miK-199b-5p 2,708 13 2063
eca—mik—27a 2278 e 9.5
eca—miR—27b 2008 408 &2
eca—miE—-324—5p i 2 3.2

- Aol #dd 2o MY A 1 9] F8R 84 ] W] mRNAL $Y¥& dmE
o, 4/] (eca—miR-199b-6p, -miR-27a, —miR-27h, —-mR-324-6p)2] AY Fe|F4
mRNAE T=%.

@ AY #¢ A4 ¥F J micoRNA ¥

ALE 7 F Agd 73 3 P
; - Hj == #H3}
3 3 (RPM) 33 (RPM)
eca—miE-19%-5p 40 5 i,
eca-—miE—Z7a 10,188 574 A
eca—miR—27hb 5,170 9,245 48
eca—miE—-23Z24-5p 28 16 5.2

- A 23 Bejd2z2 dHEE 47]2] miRNAESE AYY #38 H« v+ 4 £
WM & F& e AY Fe)d AYY Idd 9% JAAE miRNA ¥,

42, FY ¥ €% 2 A4F 7)) U pRNA FFHF AEE A
4E A3 AAAR piRNA &
piRNA (Piwi-interacting RNAJE miRNA2} 22 non-coding small RNAZ] §F F/HEA

mRNA B o 7] 26~32 nt 0|8 77, Piwl 9423 J3agsie] EdAzER oE §
Ate] wHe A% el ] 2AF B S| AAHE EAFE 26 G} AT A
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o] BR dABS ALEr] HE FAARERS shsdo] AAE. AT HA Zell tHF piRNA
ol ek A= AR 434 2d g 2 d7edM s 29 €4 2 4F 7] W piRNAE
FASL, H=o] ALY AEs AT AAARRMY 7HedE 2AHE

7}. Identification of piRMASs

2o 433 4F A7 &7 (2%, &5, 139 hE small RNA A 34 HoHE 4=
ARTS FHEsle BE4F ZF 2R piRNAE 1% ©|8le] 32 E#zs vjepd o
ZERHAM = 37F Y piRNAZF A EHIID, ZAAAM = 1005 Y pRNAZE, Z&d|A s 68F
piRNAZE, EAAA S 10159 piRNAZF =3 2. 23 £o]l4 piRNA A% d¥%, 44, &+,
77 W pRNAT &3 Eolxgl &3 e EolA @shey €32 e A7 &4
Hls Bolx & F4S LELE.

A

o3

o3

PIR54159 PIR54081 PIR2092
4000 300 300
a a a
g 2000 § 150 E 150
3% B B 2% 9B B 4% o* 2B B B 2*

— PIRB4169, PIRG4081, PRI20927} BF Ho|Zgl d¥ & ey,

U A9 Y Ags AY AAAE pRNA €&

A F7] M EMRS 4ERRT B4 HEso 28
A/ €4 W piRNAY &8 HEE =4 HES] AFDE A
Hz=E T

2ol o= FEE ALAE
&t A R pRNAE

=

i
o

(1) AYE FEd 93 83 A ¢¥e] Z2H pRNA

RPM
Sequence AGa = A 9 9 | 494 HE
2 7 s %
TCCCTGGTGGTCTAGTGGT TAGGATTCGG
PIREB4 16 o 112.54 100.40 1.12
PIR3IDLL | AGCAGTTGAACATGGGTCAGTCGGTCCT 0.02 0.02 1.36
PIRG0DZ228 | TAACCGAAAGGTTGGTGGTTCGAGCC 0.06 0.04 1.36
TCCCATATGGTCTAGCGGTTAGGATTCCT
PIRE5E19Z2 & 4.15 2.32 1.78
FPIREB413 | TCCCTGGTGGTCTAGTGGTTAGGATT 18.65 8.98 2.08
TCCCTGGTGGTCTAGTGGT TAGGATTCGG
PIR3&770 c 15,83 6b.84 2.68
FIR368787 | TCCCTGGTAGTCTAGTGGTTAGGATT 0.06 0.02 2.70
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PIR75140 | GCATGGGTGGTTCAGTGGTAGAATTCTC 0.05 0.02 2.70
GCATGGGTGGTT CAGTGGTAGAATTCTCG
PIR75142 c 82.49 23.36 2.91
PIR75141 | GCATGGGTGGTTCAGTGGTAGAATTCTCG | 0.63 0.04 14.85
PIR32944 | TAACGAACGAGACTCTGGCATGCTAA 0.02 0 =
- ARG A2l g8 EF W 2] FAE 1159 piRNAE LT
(2) AGE ALl A3 23 W) Edo] 29 piRNA
RPM
Sequence AGE F[A G @ | st
T A 2 ¥
PIR51497 | TGGTGGTTCAGTGGTAGAATTCTCGCCT 0 0.07 =
PIR56643 | TTGGTGGTTCAGTGGTAGAATTCTCG 0 0.04 _
PIREG6AE TTGGTGGTTCAGTGGTAGAATTCTCGCC
TG 0 0.04 =
PIR3ZG2 TGAGAGGTGTAGAATAAGTGGGAGGCC 0 0.02 .
PIR43413 | CAGCAGTTGAACATGGGTCAGTCGGTC 0 0.02 -
PIR6118Y | TACCAATGATGAGATTGGAGGGTGTC 0 0.02 -
TCCCTGGTGGTCTAGTGGTTAGGATTCG
PIR36771
GCA 0.07 0.98 13.58
TTGGTGGTTCAGTGGTAGAATTCTCGCC
PIR56645
T 0.41 3.83 9.41
PIR56644 | TTGGTGGTTCAGTGGTAGAATTCTCGCC | .12 0.82 6.81
TACCTGGTTGATCCTGCCAGTAGCATAT
PIR34651
G 0.07 0.46 6.42
TTGET GG TT CAGTGETAGAATT CTCGLL
PIR56647
TGC 0.07 0.23 3.21
PIR65415 | TCCCTGGTGGTCTAGTGGTTAGGATTCG | 1 17 9 99 1.89
TCCCTGGTGGTCTAGTGGTTAGGATTCG
PIR65417
G 0.338 0.64 1.67
PIR65414 | TCCCTGGTGGTCTAGTGGTTAGGATTC 1.13 1.72 1.53
PRR252872 | GCGCCGCTGGTGTAGTGGTATCATGCA 0.05 0.07 1.43
PIR36603 | TCCCGGCTAGCTCAGTCGGTAGAGCATG 0.10 0.12 1.30

- AEE 2ol o8 BF Ul 2do] F71E 1639 piRNAE T3

(3) A4

g2 A% YAARE piRNA TF
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PIR56645

RPM
N

%Q‘\o‘e PK\G‘

- MFFo|] =L piRNA 7}d Hl$ wsst 1.59 o]A¢l piRNA 3, PIR566452 AYYE A gL
s AAAE piRNAZ A3,

5d. AN T &F 2EF 29 #FHH A U microRNA %
mRNA && ZFA}

@A Akt S0k Sol qlof AHgHE BolA 2] mE 2Ed2 FEA 82 5Y 53
o] 4718 Belol ol FLIIE BTHL WNPE L Solm} & 2Edx B AEA
o

Leukocyte

MicroRNA
by NGS

Target mRNA

ffects of exercise>

Overlapping
Gene sets

1. 29 @4 Hd+ F2 microRNAs

7b &% A3 o % E gR 3 WA RNA B Quality 4

ddHE Ao ® HAE warmblood FF e AAME (8-134DE ol&ste] 1 A7 &< A
TE AAEeH, 50 B9 AF AES o] A A AE T FE BEst HH
ol AItHO 2 £973)F total RNAE F=3.
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1, Small RNA cDNA library A& 2 NGS (Next Generation Sequencing)
Total RNAE A7) 58l & 7] (18-30 nucleotide size)E F= 3 F, [llumina HiSeq
2000 machine o] 23ty 50 bp single—end® o] At A7) 449 EA3 (NGS; Next

Generation Sequencing)2- 4~31gk,

T}, Small RNA annotation

RO @7 Ad EAEE olgstel 47 A Yol AAE small RNAs Wk ARE 7] &
adelAd Ae B7] A9 dole #ol & (Rfam/Genebank)oll DA A A microRNAs X492 R
stgoen, ol thE dHole]E ©ls NCBI SRA  (Sequence Read Archive)
database(http//www.ncbinlm.nih.gov/Traces/sra/)o| 5 (Submission Number: SRA058805)

o -
2 B,

2}, Identification of microRNAs
® ATHE AAY W71 Y AN 830 9% B EF A5k T A2 2
WL HolxE 229 3579 microRNAs 8| 2EZE &9
326 259 A 2& microRNAs g AEE Frld o= El-%‘sl—c))»ﬂ‘\'ﬁ--

53], ¥ d7¥e L& TAA &F A Hluwste &5 Fo FAHCE FAo] slen
Al HHAL BolE 6 279 microRNAY 2| 2EE &3 Zo] §EE 4 A&

0] & novel_mir_14 9} novel_mir_952] microRNAL 7| &0 BuHo| 9x @gkoy X o7
Hoxq &5 ~2Ed 2~ 38 microRNAZ AlA d==2 B 18192,
E icroRNAsE 53] AZ trtel Aol 2 208 Hiy
ZEH 2 B} Eo]F Q] AA Axe o] AL A

L

L ;E
o
oo

L
rhx
g
-1
2,
T
L
A
2
¥e,
3
52 "
fo

1.

M1
ot it

3

. Pre exercise: | Post exercise: .
miRNA logs FC | p-value Clinical relevance

reads mean | reads mean
Known miRNAs |

eca-miR-144 23264.66 1081.66 =3.72 4.00E-05 | - cholesterol metabolism
- heart failure

eca-miR-423-5p 841.66 13131 5.03 8 00E-08 L. .
- myocardial infarction
) - Alzheimer's disease
eca-miR-545 55.66 1.33 -4.51 1.00E-04
- lung cancer
eca-miR-33a 118 3 -4.39 2.00E-05 | - lipid metabolism
Novel miRNAs

- fat metabolism

novel_mir_14 246 0 -17.51 | 8.00E-06 | - insulin production
- steroid hormone signaling
- cell proliferation and

novel_mir_95 0 143.66 -16.6 1.00E-04 radio-resistance in
cancers

2 microRNA F 7= AR ostdlA B4 nt glen, 53] o&
# 22 microRNAE 23 WETAM B $8% 7Ivo 3o Aoz 2AMHR
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miR_name | Prel | Pre2 | Pre3 | Post1 | Post2 | Post 3 | P-value
Blood natural killer cells

eca-miR-130a 210 62 219 61 43 114 0.1744
eca-miR-151-5p 5246 1489 3571 1094 765 2291 0.1574
eca-miR-199a-5p 4 2 2 1 0 0 0.0351
eca-miR-199a-3p 171 26 118 14 13 29 0.1131
eca-miR-221 2731 626 2043 485 551 766 0.1276
Blood mononuclear cells

eca-miR-130a 210 62 219 &1 43 114 0.1744
eca-miR-199b-3p 170 26 118 14 13 29 0.1125
eca-miR-23b 738 274 620 272 145 607 0.3593
eca-miR-221 2731 626 2043 485 551 766 0.1276
eca-miR-199a-5p 4 2 2 1 0 0 0.0351
eca-miR-151-5p 5246 1489 3571 1094 765 2291 0.1574
Neutrophils

eca-miR-20b 21 4 21 1 1 2 0.0692
eca-miR-93 20116 7998 41161 9781 7706 32752 0.6405
eca-miR-130a 210 62 219 61 43 114 0.1744
eca-miR-151-5p 5246 1489 3571 1094 765 2291 0.1574
eca-miR-22 39610 14095 52463 14317 9806 45707 0.49

eca-miR-363 644 141 386 84 133 187 0.1596

7ho 2 A ol & 24 #R 9 AdA RNA 29

ddHelgdHos 49 warmblood F&9 AAlRE (8-134D& 183t 1 A & 24
+es AAEen, 250 B AF AL sk 24 4 MIT S 2HEe A4
g o =49 total RNAE FE31A &

&% A/ ddoune 93¢ 2o ¥, A B4, CBC A4k, 528 A4 5¢ 4
Aol ol A% MBHE FAF, | 25~ AR BF WSE 9,

t}, PCRE E3F mRNA 2d 24 2 Microarray chip analysis of mENAs
Real-time PCR 2 RT-PCR 71¥& T3l © &% 2/F S U 54 F24<9 mRNA 24

=
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FS v BN VE 2EY 2 NEY AFAAHE FATHoR BY olE & 25 AEF
~of tfgk AR E mRNAZ A|¢ksk, gk Affymetrix Gene Chip® Equus caballus mRNA

microarray S Abg&sle] A= 3PS

2% A F I N oA xPEAQ dd S
B AFE L microarray chip analysis® ©]-83}9]
o _Cnaglxqcﬂ =1 o]:/\lO E.O]L 2= /\l’:g]/\

2 4 2 #¥l F1 mRNAs g~EE Fu3 e
2pE A9l W2 “Cutoff value = Log2(Fold change) =1 or < -1"% A5} a1, A4
o) “p-value < 0.05"% A2 5% =

5 3ohele WA 2 A% £ AUHOE e VAL Bolt 901049 FARE
A 08, AUAOE e L 2ol AN FAAE FAshd 2

55, 87709 #AAL APl o$¥ RE @Y W WIPN FFHoE 1 WA
Basio] Gl Aol BAD 5 Aod, 2709 FAAE T wdel RAI] A A% o

A increased genes B decreased genes
No. 1 No. 2 No. 1 No. 2

)

o)

No. 3 No. 3
C
(before VNSuerx?tZerrexercise) Up—rgeg:(leated Downg—}reengeulated
No. 1 2691 1019
No. 2 3335 1623
No. 3 4833 1259

(1) & "ollA] %5 di vluste] 5 $ Wdo] F7kstes dlE3 <l mRNAs

Mean of Logs
Gene Symbol Gene name

(Fold Change)
LOC100073221 protein limb  expression 1 homolog 2.39
LOC100067725 olfactory receptor 10W1-like 2.47

ADAM metallopeptidase with thrombospondin type 1 motif,

ADAMTS6 5 2.3563333
TF transferrin 3.476667
LOC100050742 transmembrane 4 L6 family member 1-like 2.556667
LOC100066473 similar to wax synthase 2.316667
SLC8A1 solute carrier family 8 (sodium/calcium exchanger), 2.273333
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member 1

LOCI00081578 hypothetical protein LOC1I0008157 & o.ATBAAT
ZRIMN1 glutamate receptor, lonotropie, W-methyl D-aspartate 1 2.BEE2ES
MYTLH myosin IH 2823332
I LOC100065504 similar to  transmembrane leptin receptor 2.34
SLER11 schlafen family member 11 3. 453335
HAPLNZ hvalironan and protecglycan link motein 2 2.873333
UDFP-M-acetyl-alpha— D—-galactosamine:polypeptide
GALNTLZ ) : .09
M-acetylgalactosaminyliransferase—like 2
FLCE!L phospholipase C, epsilon 1 2223333
LOCINa25443 uncharactericed LOCIO0BZ8443 2. 458687
Labad laminin, alpha 4 2243333
LOC100820298 uncharacterized LOCIO0BROZSE 286
ERSEE5 rotease, serine, 35 22858887
LOCI008251 25 uncharactericed LOC1IO0BZ29125 2. 518887

(& BE BNA 2% A wlmsted £5 o B FAE Hol: EAS] mRNAs

Mean of Loga
Gane Symbol Ge0Re name (Fold Chania]
Lo C100051B3R2 similar to ¢—Fos -2, 80333
Lo C100087 425 hypothetical LOCI000BT425 -1.92887
Lo C100082845 tetratricopeptide repeat motein 28A-like —2.086

similar to  chromeosome transmission fidelity factor 8
[OC100054 003 ) -1. 78333
protein
transient receptor potential cation channel, subfamily M,
TREFPMZ -2.02887
member 3

LDC 100147830 similar to DOEBl- and CUL4-associated factor 15 —1.85
[DCI00058508 protein Smaug  homolog 1-like -2,959333
[OC100064 195 hypothetical protein LOCIO0084155 e B
EEF142 gikaryotic fanslation elongation factor 1 alpha 2 -1.865887
ADANMIZ ADAM  metallopeptidase domain 12 -2.02887
(3 T 25 A/F €% ZEEE 22 £4

10
*
- 8
3
= 6
o
3 @
'E I
&) 2
0
Before After
axarcise axarcise

_3[:'_

& ~EHA R E2 deirl 2E2EEe] T8 T 5 H/F @, £59 o4 ==
HEs 2757k

) B 2% A/FT EF fos mRNA ©H 4
- AEdA #E fAAS] fos mRNAS] EHe] & 280 o4 FEM So1F. 22ElEH



o] fdFA4de] S AF5E. 29 )k Fos FHAE B £5F ~EHAE Hrkalr] g A4
7 B mRNAZ = <ke,

5
*
4
<5
g |
33 °
- 1
0 '_T_' .
Bafora After
axercise exarcise
@ < @ . @ < -l a" @ <
o

1 2 3 4 5
fos EEE—————-w——

B-actin

3. 2o g3 HEF F2 microRNAs 2 mRNAsS 29 EXA

microRNAS] A238h3 7|52 b F3izle] 24 2484 B& 24 Hr, gHds 39
g H ES F32AES2 microRNAY seeding region®d 4HZS A<=Ea 3' untranslated
region (conserved or non-conserved microRNA biding site)2 Z}Az 3= Ao =2 d3A 9l
o B d7Ee g 97 Ad B4S B8 2ES ¥ A FAY #94d § AE
A BEE Beles 6 52 microRNAs™] Tists] target mRNAs B4 #4& 39
.

7}. Identification of mRNAs for the microRINAs

(1) Bicinformatic tools: TargetScan, miRanda, and KEGG pathway by DAVID

(2) Subset of microRNAs: eca-miR-144, 423-5p, 545, and 33a, novel-miK-14 and 95
(3) poental target mRNAs

TargetScan 2 miRanda® microRNA target prediction T2 IS o] &de] 5§ TF4
microRNAso] ™9 target mRNASE #A0&l] o, 7 Asl & 263048 FHAS] A8H
A2

B3 2 AFdd4 223 29 target mRNAsE 2% 2828 B} 2443 dgdo] ¢
< Aoz Aok,

i.aezF_C Lang_C Lung_C Differential
(pre2 vs post2) | (pre8 vs postd) | {pre4 vs postd) | Regulation
Muscle strength and compositien
ACTHS 0.1073504 0.900885 1.3368T78 P
IGFIR 0.1684833 0.0607 97 1.2084 37 P
muscle metabolism and exercise intolerance

zene symbol
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HIF1A

-0.47435

-1.20888

-0.528215

DOWN

GYS1

-0.178074

-1.376169

-1.028878

DOWN

Haemodynamic and aerobic metabolism capacity

VEGFA

-1.450016

-0.532534

-0.421213

DOWN

LOC100055952

0.6696425

0.548272

3.835264

UP

AMPD1

0.3681717

0.046904

1.22941

UP

Tendon and ligament physiology

DRD1

0.5742254

0.143991

1.244536

UP

DRD3

1.1515098

1.231298

0.012099

UP

SHTT

0.1302824

0.662432

L2792

UP

T A4 B2k

==

o,

A

B AFE microarray

/

.

LOC100050849

Eca-miR-545

.

LOC100053996

N

- KHDRBS3 ha—

Novel-miR-95 \

LOC100054517

Eca-miR-144

LOC100062720

\

/

B

oA 1 Tge] Al EAsE 2E A
TH FH4AE (Log (fold change) = 1 or < -1)& F718o 2 AW¥E3%oH,
72 microRNA thste] 5717 9] Pl - A& ©]

HEHoZ 3

miRNA UP/DOWN of

miRNA

Gene symbol

UP/DOWN of mRNA

novel_mir_95 UpP LOC100050849 DOWN
LOC100054517 DOWN

eca-miR-545 DOWN LOC100053996 UP
LOC100062720 UpP

eca-miR-144 DOWN KHDRBS3 uUp

(4) Biological function of the potential target mRNAs

ZRAIH 271 ME 4 7IHe e B &F A% 5 Ed 2olE Holx= microRNAs9

target mRNAsE o2 KEGG pathway (DAVID, http://david.abcc.ncifcrf.gov) &

o 2~
}‘\_—]IET

Pt om, HFH o2 Wnt, TGF-beta, and Adherens junction A& HAEA 7l FAH =R

DEERPE

3ol &)

1 = .
Adherens junction Whnt signaling
miRNA P- Ensenble 1D Gene symbol and Description ~ MIRNA P-value
value o [

o post

noveLmi_14  ENSECAT00000008352 TCF7, transcription factor 7 (T-cell specific, HMG-box)

806 novelmi_W  ENSECATO000008408  TCEY, ranscripion actor 7 (T-cell specifc HMG-bo)
eoa-mA-545 ENSECATO0000016823  WASL, WiskottAldich syndrome-like

805
205

Ensenble ID

a €
/S ENSECATOO000009125  SIAHA, siah E3
5 PPP2RSE,

Gene symbol and Description
specifc, HMG-

catalytc subunit, beta isozyme
1

TGF-B signaling

mIRNA P-value
st

Ensenble ID

Gene symbol and Description

BMPR2,

&

noveLmi_95  ENSEC)
now
novel_mir_35

ENSECAT00000014962

ore
el_r ENSECAT00000010275
1804

" £1A binding

protein p300
RPS6KBI, ribosomal protein

I protein 5 kinase, 70KDa, polypeptide 1
A (ACVR2A]

ALKS, TGF beta receptor type 1

ROCK1, Rho-associated coiled coil containing protein
'SMADS, SMAD family member 5
SMAD1, SMAD family member 1
'SMAD4, Uncharacterized protein

104 noveLmi_35_ ENSECATO0000010275 1A binding protein p300 ™ novelmic_35 ENSECATOO000000199  ACVR2A,
"::t'“'—“ ‘NSEC"YSEDDS‘O'ZGGZT g::;:l:i :‘5 binding peckein — 5 ENSECATO0000011703 novelmir_35  ENSECAT00000026827
mit_ , cat in). e 5 ENSECATO0000010275  PPP2RS/ EC
™ RoweL i35 ENSKCHTOOM002328  CREBB, oo oampiog-Jetbocctes
wovelLmie_35  ENSECATO0000005562 ~ ALKS, TGF beta re¢ noveLmir_35 ENSECATOO000018339 ~ CREBBP, ;
novelmi_95  ENSECATO0000023835 WASF1, WAS prote 1604 oveLmi_35 ENSECATOODO0O26627 CREBBP, CREB binding protein ~~ pecensaw
novelLmie_35 ENSECAT00000007477 CTNNBY, cac noveLmit_35 ENSECATO0000026628 ~PPP3CA, i . Ead
novelmit_35 ENSECATO0000010925 CTNNBY, cac ¢
o ot sea: * eca-miR-144  ENSECAT00000023282
T —
— " e ENSECATO0000007477 ~ eca-miR-144  ENSECATO0000019737
S zoery o T R eca-miR-14d4  ENSECATO0000024499
05 [ cos ENSECATOO000019128 - SMAD4, Uncharacteized protein ca-mR-14 ENSECATOONO0OTS128  SMADA, eca-mR-Id4 ENSECATO0000019128
.......... 405 eca-mA-Hd Rock1 P .
T —
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64. 29 microRNA microarray Az Z

ol 2 A+ A W7

Ao 2 microarray &

A microRNA 8

A ¥ 2] microRNA microarray kit %
= SRR Agey, dyaE =g
chip, Affymetrix Gene Chip® Equus caballus miRNA 4.0 Array)o) A &3t 7]}‘
o] BrlFalgong ¥ ATHEL 1) AQE 49 2y
Ak Z2AF 2 2) microRNA A 5.9 v‘i*

0] &3 microRNAS]
/H ;H_ﬁJ—E_ =i} 74.2-.2. ir_ (E?S‘]—

ER

o
= -

A4

microRNA 42 93t microRNA kit A|A &<
)% %9 o}

E 7|¥ (llumina microarray

o] 7H a2

1, Alggd 29 24 A9 22 H = microarray & ©] 43 microRNAS] dd ZA}
7F A 2] AR ZA ) dlsle] AlGde] fE Te] Al A A AEAHQ 22 Hol
= mikNA

() % 152 259 mircRNAs (127 2% mRNARS A% el AY ZAIN B
4ye Holzu gsien, 25 £/ miRNAEL ZF mﬂ] Ag ZHo A F& ™)t
A el A3 2| H|ste AG Z&F A X]‘%"ﬂ‘i’l SHS Holu g S FAg,
microRNAs Sequence Longaﬁo

eca—miR—-205 UCCUUCAUUCCACCGGAGUCUG 11.52

eca—miR-182 UUUGGCAAUGGUAGAACUCACACUG 3.22

eca-—miR—200¢ UAAUACUGCCGGGUAAUGAUGGA 7.85

eca—miR—-200b UAAUACUGCCUGGUAAUGAUGA 7.81

eca—miR-31 AGGCAAGAUGCUGGCAUAGCU 7.75

eca-miR—-335-bp UCCAUUACACUACCCUGCCUCU -6.75

eca-mik—1 UGGAAUGUAAAGAAGUAUGUAU -9.27

eca-—miR—133a UUUGGUCCCCUUCAACCAGCUG -9.36

eca—miR—-133b UUUGGUCCCCUUCAACCAGCUA -9.41

eca-—miR—-206 UGGAAUGUAAGGAAGUGUGUGG -10.89

W AN 2o I 23 nlEte] A gge] EE Lo A 2 A AEAQ U2 BHo
= miRNA ﬂﬁE

(1 &= 1 F2 microRNAs (109 %2 miRNAZLS 7 d¥] Ag ZFd4] =&

Elas H."] i)

D 9siom, 43 TR mENARE 3 d¥ A EAlA 2e
A% wol B 24 vse] AG 2NN 389 B (Fold change > 1.5) 2

N
1 e e #dd
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microRNAs Sequence LOE sRatio
eca—miR-205 UCCUUCAUUCCACCGGAGUCUG 12.03
ecamiR-149 UCUGGCUCCGUGUCUUCACUCCC 6.12
eca—miR-146h-5p @ UGAGAACUGAAUUCCAUAGGCU 6.00
eca—miR-486—3p CGGGGCAGCUCAGUACAGGAU 5.87
eca miR-379 UGGUAGACUAUGGAACGUAGG -3.67
eca—miR-10a UACCCUGUAGAUCCGAAUUUGUG -4.17
eca—miR-194 UGUAACAGCAACUCCAUGUGGA —5.60
ecamiR-192 CUGACCUAUGAAUUGACAGCC -5.93
eca—miR-215 AUGACCUAUGAAUUGACAGAC -6.31

=59 microRNAs (90 £579 miRNAEL

microRNAS} B -‘%‘—M?:}-O

259 m1croRNA M 59

I A3,
53,

= 2“1 1]“7] ] A o
21 z~r|--—] microRNAE 71& AY¥YY Eo|

AE dRse Jom Fag,

_34_

(L % 154 2% ool A 2304 Ee @
S Holx ggoen, 64 £F9 miRNAEL &5 o] AP =AM F& @4g)7 A
4 2 2% 230 Hate] AQ 2AIA IR BRL woln = AL
microRNAs Sequence Loggf{atio

eca-miR—-205 UCCUUCAUUCCACCGGAGUCUG 12.22

eca-miR-10b UACCCUGUAGAACCGAAUUUGUG 7.04

eca—miR-132 UAACAGUCUACAGCCAUGGUCG 6.60

eca-miR-196a UAGGUAGUUUCAUGUUGUUGGG 6.33

eca-miR-200¢ UAAUACUGCCGGGUAAUGAUGGA 6.11

eca-miR-503 UAGCAGCGGGAACAGUACUGCAG -4,40

eca-miR-194 UGUAACAGCAACUCCAUGUGGA -4.66

eca-miR-192 CUGACCUAUGAAUUGACAGCC -5.35

eca—miR-885-5p UCCAUUACACUACCCUGCCUCU —5.38

eca—miR-122 UGGAGUGUGACAAUGGUGUUUG -3.55

2. MicroRNA A& 48 53 4% microRNA F84 AZR 2 735

2 ad7dE2 AAY 947 A4 24 71EE 55k xﬂ‘ﬂoﬂO] TEE 2o A 47 =3 A
FHE = microRNAZ A9l w28 29 A9 9 874 F& FUldA EEHE

”*1, AYg A Eo)lFgor BF (Fold change > 2HE 40

AGAE 5olAQ microRNA |2EE FR3G o
miRNAZ HAEEHIAH

A 2 Ao



microRNAs Sequence LoggRatio
eca—miR-205 UCCUUCAUUCCACCGGAGUCUG 11.930
ecamiR-182 UUUGGCAAUGGUAGAA CUCACACUG 5.808
eca—miR-183 UAUGGCACUGGUAGAAUUCACU 5.351
eca—miR-31 AGGCAAGAUGCUGGCAUAGCU 4.953
ecamiR-199b-5p CCCAGUGUUUAGACUAUCUGUUC 4.165
eca miR-184 UGGACGGAGAACUGAUAAGGGU 3.987
eca—miR-140-5p CAGUGGUUUUACCCUAUGGUAG 2.969
eca—miR-874 CUGCCCUGGCCCGAGGGACCGA 2.360
ecamiR-27a UUCACAGUGGCUAAGUUCCGC 2.088
eca—miR-27b UUCACAGUGGCUAAGUUCUGC 2.038
eca—miR-189a-5p CCCAGUGUUCAGACUACCUGUUC 1.874
eca—miR-324-5p CGCAUCCCCUAGGGCAUUGGUGU 1.837
ecamiR-129b-3p AAGCCCUUACCCCAAAAAGCAU 1.704
ecamiR-23b AUCACAUUGCCAGGGAUUACC 1.669
eca—miR-140-3p UACCACAGGGUAGAACCACGG 1.620
eca-miR-93 UGAGGUAGUAAGUUGUAUUGUU 1.563
eca—miR-214 ACAGCAGGCACAGACAGGCAGU 1.493
eca—miR-23a AUCACAUUGCCAGGGAUUUCC 1.484
ecamiR-671-3p UCCGGUUCUCAGGGCUCCACC 1.330
eca-miR-204b UUCCCUUUGUCAUCCUAUGCCU 1.213
eca—miR-222 AGCUACAUCUGGCUACUGGGU 1.170
2 d7"E 2 AAY Oé 7l A4 EAHE S8 F R AY 5o microRNA9 microarray 7|
WL B3 BRg AP9A Eo] microRNAL wHel kAL nHlw EAgo 24 AYg Eo] f4xt
O #8492 ARSL
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A4 s SEHFESE L ZAF0MS 70X

7. ﬂ%“f& 27 W miRNA &8 - library 21]5} i

U, Agd 2 frabE e ﬁ‘é%‘ Ul miRNA &% % library A= 53
o}, miRNA 54 2—3 °ﬂ7l AL 79, B 94 9A AR g5

ot A#A RT-PCRE AH2-3te] miRNA2 A% 7= FH

ol 2 9] piRNAE %83t small RNA 54 2 AR R

2. % AW g 783 miRNA 42 2 7=V &3
AEARIE BAL x}18-5le] Ak 583 miRNAT A3
=42 531 & miRNA2] 54 H7}
= AL 98 24 5o]Fd miRNA 42
o] Welshy, Aesty AEE Hbelr] $13 miRNA A B &1

22 LS
BN
N
I
Iy
o,
ot

3. miRNA microarray 2 %3%F miRNA &@d A}

7F, e Eake o8 EAFo s miRNAS Ed A7 753 miRNA microarray s
AHgsiel o) AT guE Bl

U, 5ol 9a @ ) o] HEHE miRNA & 48

4, NGSE o] 83l AA| A x 2=
7, B AlgE JAH2 A% AQE SolH AR E mRNA/HH A k=
v Zo] Al A 98 AAAE miRNA 2 piRNA @&
o}, &2 &5 2EdA IAGE 9% AAAE mRNA &F
T2 Ax ARLATER | @A (%) AL P8
O [A] 1 AlE] th43t breeds] o
100 % -
Held gyl 4 AR g5
o] AA O [A 1AR] o ZF F7 2
microRNA Ao HE microRNAE £8F
12d9% | 20129 | library &9 2 A A RNAE &
g BA x| 100% |+ 4 A4 2 A WEstd AaE
714 &9 535le] dHlo] gl A3 ¢S
ik k=
o A o] ZhE AV ZEE TrizolZ:
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&gt H & RNA extract kitE
01%3}@ T3 A4 RNAS E&lsho
quality @ 7}glt},

100 %

[Z] 1/ 2 A%E] AA microRNA &7
g EA
FZ&3 A4 RNAZFE Size-
fractionation® & o] & 22nt 379
T8l microRNAE &3] glc},
microRNA®| adapter 52 RT-PCR
728]31 cDNA cloning?] 94& A&
A Size-fractionated cDNA library
Al 23ty
A &= cDNA libraryE 7F4 12 NGS
A7IHE 43t

100 %

[ 1/ 2 A%] @714 <8 E4d39E
EUZ microRNAS| & ¢4 4
Bioinformatics tool& ©] 835} &A%
microRNAS] ¢ op4 B

107019 & Alge] gk microRNA
library® SRFoEA A%H B
2 ghe,

100 %

[#] 2 A %] 23 microRNA
RT-PCR ¥ 7} &<

A2 98 & E microRNA
B7IHE AAE ARS EJH
Forward primerg& ©]-8-3lo] A4
RT-PCR7|H & &Hgoh

30717 %5 2] A=A microRNA
RT-PCR7| W 2 && g}

22U

20134

AP A {83
microRNA Ad¥
4 3d 38+ 9
g Jzre &9

100 %

(A 1 A%] 34 2 93 4= FAE 2
¢] Z7] W microRNA 48 34L& ZA59 2
o] 428 microRNA & A3

F7] W AA microRNA §7] ¥ ¥4 (Next
Generation Sequencing)

F2% A4 RNARHE Size-
fractionation® & ©|-8 22nt 2718 &5
microRNAE %8 ¢},

microRNA®] adapter 2 RT-PCR I&]x
cDNA cloning®] €& #3& AA
Size-fractionated c¢DNA library #| 23t}
Aadd cDNA libraryE 7FA 2 NGS @7]449
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w4 g},

100 %

(4 2 A%] A4 2L 9234 39 (FAED 2
o] @4 J microRNA @3 44L& FAlstd A
o] §-238 microRNA &£& A4

3 W AA microRNA €71 A4 £4 Next
Generation Sequencing)

F&% 74 RNAZNYE Size-
fractionationdtf & ¢|& 22nt 2719 =3
microRNAE & g}

microRNA® adapter 22 RT-PCR 2&] 2
cDNA cloning®] €& #3& AA
Size—fractionated cDNA library A &g},

A #E cDNA libraryE 7}4 2 NGS 27144
pa i =

100 %

(Al 1 /2 AF] OFd FA4 2 284
o] diat F85 T ME microRNAY AY
A& AT specificity & B
Bioinformatics™ RT-PCR7|¥ < EWz Z=ALE
F49 microRNATS A4, 2448 28z o
Fg A duje] e Z AU|ERg I$F
£ 714 dE4 9= microRNA gY2EE At
o] AW AGS 9§ specificitys &% s

100 %

(4 1 A%]1 A% microRNA RT-PCR ¥
A F4

AES As EAHE microRNA 971449 =AHE
1etd Stem loop primerE o]&6k¢] A7) 1
microRNA 9 A%E RT-PCR 7| ¥ & &g}

221 E =

260134

29 AA mRNA
R BN 9 Ay
Age] f48 o
LB

100 %

(4 2 AF] W= A (99 29 =3
1] messenger RNA T/ 3-& A9 AY
%7 Eo|3 messengerRNA & d¥

s AY =45 1 9 124 A7l =4 da, 24

Zz3 W AA mRNA 97] H¥E 4 (Next
Generation Sequencing)

2% A4 RNARS-E poly(A) RNAE &9
T random hexamer primer® first-strand
cDNAE 4 e},

Double stranded c¢DNA 34 T DNase [282
fragmentation

S AAET, o] % DNA T repair Dadapt

ers ligatione o}C}.
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o A&AD cDNA libraryE 7FF 3T NGS 97144

w4 g,

100 %

O [A 2 A%] Wy AH (AFPel 29 B3

W gl 4F & 2AEY A9E 2 F
B U §o13 gud 7 44

; AfE fE A ¥ Ag9 /e F R
Hlw, £4

O 8% u AA ¢9d LI E4 Mass

Spectrometry)

. ARG AL A T @Y avde

SDS-PAGE®R size fractionation @ FA g &
trypsin 2.2 digestion %HC}.

¢ Tryptic peptide2 Nano-L.C-ESI-MS/MS mass

spectrometry
o] g3l protein identification £4& A g

o,

100 %

O [A 2 A%] B3y 4= FAFD 29 A9

24 59|43 messengerRNAC|EA, AYd 2
F @3 g SoFdor dF@HE duld M3

+ Bioinformatics® mass spectrometry = ET

2 2AME -89 gl HAdsle 2l AdAd
2 A7 specificityE &3 gk},

20144

%9 microRNA
microarray A
AE A 2 F

%

100 %

O [A 1 AF] YYgd microRNA,
messengerRNA
Age A4S 73 H449 +31A &
44 AFR
(NGS, microarray &)

© 9% A/F 29 Aoy 23 2

A7 258 Total RNA (miRNA,
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» 239 AA RNAZE fractionation,
adapter

ligation, RT-PCR, cloning 52| # A&
£ A&t

o] ¢DNA library A2

* NGS9 miccroarray 4 431

O [A 1 AX] &5 A/F =g HIF
microRNA @71 A4 4 (Next
Generation Sequencing)

« &5 A/FT T2l wWEF Total RNAS]

NGS &4
T3

* Bioinformatics& #&3l0] &% #/F

4 WEy
miRNAS &4 2 54 &4 +9

* miRNAY] target mRNA o= 9 19

g GO
ontology, KEGG Pathway ¥4 43

o [A 1 AF] &5 A/F T H9IFF
messenger
RNA microarray &4
&% /5 29 wMEF Total RNAY
microarray
=4 T3
* Bioinformatics& #&3le] &+F A/F
o e
mRNA®] &d 4 43
*  mRNAS GO ontology, KEGG

Pathway =4

3

100 %

O [Al 1 AF] ¥aF e (FEEFH
A%)d] wE microRNA 2@ ®3

H, 4% 59 Wys

_L,d
I

ozl & ARE R3] miRNA 24
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M
1
b
o

% (NGS, microarray #&)
« ZEES, AE ' A% AAAE
mikRNA 2

=

O [A 2 AF] B34 Hd HAFRDA
W& protein T W3 4
A AGE wEE 29 AN 29
4% ANsE
2H sl €% protein &d 24 43
(Proteomics #-&)
* BioinformaticsE 483l proteing
targetsh
miRNA o=
« AdHd AQE FAdE Hg AAAR
protein,
miRNA &&=

O [A 2 AR] & ZEdH2d wE
mRNA 28 ¥z}, 3363 24
* Bioinformatics& & {3l &5 /3
2]
mRNA 2& 3}
s 25 A/ A
& A4kl
mRNA 24 W A
* mRNA¢] 3t target miRNA o=
» 3% 2E¥ 2 24 AAAE mRNA,
miRNA 7t
=

A

g
o} 4

L

C M

cl
9

1, RT-PCR

M
|

100 %

oA 2 AX] 2  microRNA
microarray AL HF FAgF 7k
As FH

« I ol99 & FE (Y, nkex) 2

Z miRNA
a2

o I ol9 & FE A}, npex) 2

“ miRNA
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2
™ 1

=
ON

Am

WoAEA 2HE miRANY

ol

T
1z

OMA 2 AX] 2  microRNA
microarray A& R AHFH THHY
< A& F4 AF - 7€9F

 AF 2 FF A5 A9 HAgH 44

AY 473

- ¥4 A5S A AFH miRNA &4
H (Tagman

assay) 71& ZH
* miRNA microarray AZ 7]& &H 2
AA A A

20164

microRNAE 9]
£% 2T 7Y
g AA A& 4
A Vs &
4

60%

O [Al 1 AF] A R 294 A4t
€ I3 AdEH dFe= W4
Z9] g AF ¥ microRNA £

o A4 A R Y BESH daE F
stz A9 AFoE #Jd
Zbzy 40vfele] 22 dAw

A 5oz G7" Lo ¥

9 274 284 ANER 13,

2,

30%

O [A 1/ 2 AR] microarrayy] 2 F
%3 RT-PCRS ©o]£3 microRNA
94g A}

e 7} AZZHE microRNAE |8l
microarray'§ 2  ©]&3t  microRNA
g S AL

o Ao AYAS 9 A=A RT-PCR
71HL o)Lt micro —arrary’]H o
2 =AY d9E 2t #2428 E
2=

* Microarray®¥ A =4 RT-PCR7|Y <
EQ=E Z4zto AW 7o Z+
7|E2RE ddHE P dad dE

A
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microRNA 2] ~2EE Adsi]},

O A 2 A%] A% 7= Fd ZAL
Aw AgE 2 ot ¥ A
d 94,

i

» MicroarrayZA o zAig A4
Ef 2] 22 microRNAS] Td o4&
Ao microRNAS 2 gt 1
3t 718 E A microRNA 84

60% EZ Auaslc)

Bl ol oX

N
~J
FN
)
=

0 o
3
@]
2
%
=
o
|~
I

H -1 =

zgstel A4 Al gad

= ,

g 9%, AdSolE 3 Aug
=

=

NEe A g,

N
S

. &E Z0r 2] 7]9

4o A7 A DAL 5 A AAA Bl AA T 7o)
7 A S 2 Al 4k 844 7Y

A A E L AAstE E3) %—7]-21 olol &) 77| =3

A AA 2 dF Bold ¢lojx] $AHA AAAALA ZR

% ol99] Amd T F. 4E 24 2 Beld 7)o
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