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Abstract: This study was conducted to investigate the molecular mechanisms of muscle metabo-
lism regulated by conjugated linoleic acid (CLLA) through affecting the expression of miRNA in
porcine muscle. Twelve purebred Rongchang gilts with similar body weight were randomly divided
into control and CLA groups. The pregnant gilts in CLA group were fed with 1. 5% CLA diet
from the beginning of pregnancy to weaning at 28 days old; After weaning, 30 piglets were re-
spectively selected from the control and CLLA groups, and the diet of piglets in original CLA
group was also added 1. 5% CLA. When the body weight of piglets was about 30 kg, 6 piglets

from each group were slaughtered to collect the back muscle and leg muscle samples. After RNA
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extraction, cDNA libraries were constructed by the back muscle and leg muscle samples of the
control and CLLA groups; The Solexa deep sequencing was performed to analyze the effect of CLA
on the miRNA expression profiles in porcine muscle tissue, the target genes prediction and func-
tion analysis for differentially expressed miRNA were carried out through the bioinformatics
1) There were 44 869 982 and 45 105 806 clean reads in the
back muscle and leg muscle tissues, respectively, and most of the small RNA sequence were
20-23 nt.

muscle tissues, 295 known miRNAs were co-expressed in two tissues.

method. The results showed that:

2) 306 and 304 known miRNAs were respectively found in the back muscle and leg
3) The expression of
miRNA in porcine muscle was changed by CLLA supplementation and the effect of CLA on miRNA
expression in leg muscle was stronger than that in back muscle; 5 miRNAs in the back muscle
and 12 miRNAs in the leg muscle were differentially expressed in corresponding CLLA treatment
(P<C0.05), of which only the ssc-miR-224 was differentially expressed in both two tissues, thus
16 differentially expressed miRNAs were identified. 4) KEGG analysis revealed that the target
genes of 16 differentially expressed miRNAs were involved in 292 biological pathways, of which
24 pathways were significantly enriched (P<C0. 05), including the MAPK and Notch signaling
pathways, which were known to regulate muscle metabolism. 5) Six differentially expressed
miRNAs were randomly selected to validate the sequencing results by qRT-PCR, the qRT-PCR
expression results corresponded well with the results from the sequencing. This study suggests
that CLA may regulate muscle metabolic pathways by affecting the expression of miRNA.

Key words: CLA; pig; miRNA; Solexa sequencing; muscle tissue
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ZRAEBITIRE Y . LA S B R P R Y
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E‘Jii@”‘“ﬂ:ﬁni}ﬂféﬂﬂ%4’%%%%1”%@@&&%%%
PR B 38 DA 5 o sh 4 WL 4% 82 PR T ok A UL A
AR,
mlcroRNAs(miRNAs)%Q%KEﬂ\j 20~ 24 nt
I AE RS /N RNA, miRNA 5 52 5 56 5 b e % 5 8
F 3R G A X 45 4, B i 0 35 1 mRNA gk 37 4
FLRHRE 7R SR KPR R Kk N2 5 25
AW RES . B SEUE 52, miRNA FE L A 41 i 4>
ERH UL K & & o 72 rp & 7 5 AR fi sh 9
125 F 1 AR BB 52 e UL IR 41 20 miRNA (1) £ 5k
T IES fe /N B ADHR P R o R R T A R L
42 4~ miRNAs 8", A K 1) WK [H] fil ok U
4 R FiE B 2 5 W UL P 4H 20 R miR-23a, miR-409
Al miR-208b fyF ik, »ﬂ*&*%ﬁhu CLA 1685
M MR ZH 2 miRNA ik, 5 H A CLA X miRNA

/N BV R TP s CLA RE 5 38 2038 g 1y 4 41
miR-143 . miR-103 F1 miR-107 £ %15 . JE AR T i
A CLA W g .2 T 6 i 17 2H 21 miR-143 1 miR-27
Ik,

AR S0 2 {5 R B A K IR R AR R
1% ~1.5% CLA f& & & 23k 4 K w KL
A, B UL BE D5 A4 S i T el AR LA T B D7 R T
LR, Corino & BF T IIESE %ﬁfﬂ)ﬁﬁﬁﬁﬂiﬁ
?Lﬂ;ﬁ’ﬂ*ﬁ{*ﬁﬂ CLA n] & 25 52 A 45 A KR fE .

T AR KR R IR CLA X% LA miRNA %‘zn_l‘a
T B R I 5 e S H A AR B o PIL3E E RTIE R DR
. B AR A B S AR R s L. 5 %
CLA W H X T F UL 21 2 miRNA £ i85 1Y
o TR CLA X8 L 2H 28 miRNA (1) 34
FEAEM .

1 MRl5F*®
1.1 REHRMERRE

IR IEI 12 Sk PR 60, 83 kg T RS
24,16 mm 1Y) 7 58 B BESE  BE AL 53 A % BEZH N
CLAH . HH6AMEE. . BAHEE 1 K64, CLA
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EHBR R 1 T R A R W0 T AR VR m 1. 520 CLAIR
B R BT HE 28 HAS W s AP R Wi 0 5 4 B
B2 1 T 00 43 90 DX I ZH N LA 2k 328 {5 41
£ 30 k. 6 NEELBAES S SLFHE; B
JE R CLA AR R h 4k 2285 m 1. 5% CLA R A
W % FRZH AT 48 )RR v AN WS . o R 2 R R T 4
JE AP R 0 1A 55 K OF 2 BROSE B R SR A fE (GB/T
7223-2008) 1 [H 3 15 7R b5 E (NY /T65-2004) #EAT
T b 5 4 AR T i CLA 4858 L f3) 25 4 35 il A e v
(R A HA 2H 53 F0E R o 5 O IR — B, A4
30 kg ZE AT ) BEAH AR HE 6 SLATHE (3 Sk BESEFN 3 Sk
WO AT B RTINS AL SR IUZH ZURE
FTRAEG G 2 —80 CukA P RAA&H .
1.2 RNA XERHE

Trizol I FFEFEHALAN H 215 RNA, B4 3 17
FES AT RIRA R INR A 5 B RNA Fa ., R E
RIN(RNA integrity number){H} 7.5~9. 0, {#i
PAGE Ji& 73 B A [\ v Be K/ By RNA, Y) Bt 18 ~
30 ntZ [A] B 457 HEAT IR 2 S e ikl 370 5 3 4 1A
F IR B0 5 0 R 1 5 WO B SRR &R L 7E PCR
ASC b 36 VRS2 I — S B ) 3 4 7 ) I s B
FHEC ] PCR KRR & . 78 PCR AL I 4% I8 — 52 2 7
HATY 1 H PAGE ik X} PCR 7= %y #47 V) Jit [l
Weshifb . 58 B S PE A . 4 ek X B2 R CLA 4
M) LR BR L GRFE AT & PR, D H e — A8
SR 8 AR AL AR I LG BRAE T L5 L R
VN CLAZH T AL CLA 2 11 BR JLX H 2
T R4 1T B AL CLA 2 T MBENL CLA 21
Il . 8 4 1Y SC P #F 47 BT 4 J5 78 Tllumina HiSeq
2000 “F & HEAT B WY AR B IR AR KR
IR A BR A 5] 98 B .
1.3 T miRNA B4 E

W F 546 JE 31 (raw reads) 25 616 5 353k 05
YR /N 18 nt )P, 3515 clean reads, il i
SOAP il bowtie ¥ i ¥E 5 B sSRNA 5 7 2 % = %
K20 I (ftp://ftp. ensembl. org/pub/release-87/gtf/
sus_scrofa/) , 22 & rRNA . tRNA, scRNA . snRNA Fl
snoRNA 25/N RNA., 2R J5 % % 42 7 % 5 miRBase
21.0 Chttp://www. mirbase. org/) 1 5% ) & HI
miRNA #17 LA, 8 2 & M 39 miRNA, H mirdeep
BT B miRNA,
1.4 ZRFRIA miRNA {7 % F15& E FBE F Th BE 53 47

XPEEA B A1 miRNA BEfT R E B MG,

TPM' ik 47 1k 1 3 —fk 4 B, SR} SPSS 18. 0
J1 B 48 38 45 11 (descriptive statistics) 43§ 804 . LA
OPE AR UE2E RN miRNA Rk, ] Ex-
pDiff J7 ik tixt B4 Al CLA 4 2 i) miRNA ik
B2 5 A BT CLA 419 B miRNA
22 B (fold change) K P {H, i & 25 5 R ik 1Y
miRNA. H] miRanda il RNAhybrid # {43} 25 5 3%
INHYE A miRNA 47 58 5L PR F 0 . JBC 52 46 A o il
M5 M KEGG AU 18 B B i o 2 48 5k
W2 50 2 AMRERENGE S % SRR,
1.5 #HHE=Z PCREIENF

Shy B E fe 3 S 0 Y 45 2R A o At P L AR LR R
LA T4 3 4> 22 7 R A AY miRNAs #4756 %€ i
PCR X %, #% M Jx #% 5% SYBR® Prime Script ®™
miRNA RT-PCR i®#| & (TaKaRa, Japan) i 1t B
WK cDNA LK % B o AR 98 BT i miRNA
0 H &Pyt i Bl A T A TR ROy A
ARG HGE D, Figs a5 . ke U6
FWNZEH, H SYBR® Premix Ex Taq™ 1I &5
& (TaKaRa,Japan) #175¢ o2 5 PCR RN, R & -
Bz 2. 0 pL cDNA, 10 uL 2 X SYBR Premix Ex
Tag 1I,0. 4 pL. ROX Reference Dye, 0. 8 pl miRNA
Fe5eg19.0. 8 pl NS 9 GGR & B ) . i ddH, O
SRR Ry 20 pL. PR IKE 3 MHE.
P AGE i 20T AT AR E B AT .

F1 WHEREEPCREIYFT
Table 1 The primers sequence for qRT-PCR

miRNA # 5191 F 51 (5'—>3")
miRNA name Primer sequence
ssc-miR-224 CAAGTCACTAGTGGTTCCGTTTA
ssc-miR-4332 CACGGCCGCLCGCCGGGLGLL
ssc-miR-628 ATGCTGACATATTTACTAGAGG
ssc-miR-151-5p TCGAGGAGCTCACAGTCTAGT
ssc-miR-144 TACAGTATAGATGATGTAC
ssc-miR-1285 CTGGGCAACATAGCGAGACCCCGT
U6 GCTTCGGCAGCACATATACT

2 5% R

2.1 FEALPAALN S BT A sRNA 5145 8

233t Solexa M /7153 5 (1 raw data 48 9 17 5
UEAL IR, FEEAHE KBRSk U5 g AR T A A
ARG — Ay A 8 A SO LA 4 > SO R R
BT 44 869 982 4% clean reads. &5 M EL Y 95. 10% ;
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MBEALZE 4 A~ SCEE M 4R 45 T 45 105 806 %% clean
reads, 5 BT 95. 09% (£ 2), 5 NLFBE AL/
RNA JPHIHKFE A WA 1, 48 KR 2807 51K R 20~
23 nt, Hr1 22 nt KEEJFA) 5 1Y OBl RK . miRNA 78
H A B o AR I e A2 2 R Dicer i U 58 1%
(4 o DD A7 0 00 8 S ME A 15 miRNA VA (9 15 47
il S LA AR i %) e G- L 1L 2 ek T A LR AL
KPR 18~30 nt miRNA & 7 6 £ 73 A % &L » & B
S —ABREEXT U HA 5 20 e -k
2.2 ENAHALRAEH miRNA EFE 547

i@ blast 8% bowtie ¥ sRNA 5 miRBase 21. 0
F1 4% (Sus scro fa) miRNAs 75 3E 47 X, 35 LA

F2 MNEXERMNMRNARBERES %

R L 41 2 v 4 ) 4 e i 306 AT 304 A A
miRNAs, A 295 4 miRNAs £k, H i ssc-miR-
206, sscmiR-1, ssccmiR-133a-3p, ssc-miR-26a, ssc-
miR-10b Fll ssccmiR-128 2 £ > miRNAs 73 L A1
BRIV Srb s R 3k . AE 8 LA FR 5 PE miRNA,
ssc-miR-1.ssc-miR-206 F ssc-miR-133a-3p 1y £ ik
A T DA 3D,
2.3 i CLA X435 ALA miRNA 3RiA 89 %08
FEFERR th RS2 U CLA 5 i 5% 35 LA B UL
miRNA Fik % CLA 4 AU B4 bR 1L 2 J5 (1 3=
INE HEAT 25 5 LU, IR 4 22 S AR UL 2 R DS 0 X 8
Pl log; (Fold change) # 7~ , IE{EAC 2 L, /i (E AL

Table 2 The classification of small RNA tags in sequencing libraries

L Back muscle

3% Type o AR AL 1 o R 4L 1T CLA 41 CLA 4] 11
Control group 1 Control group 11 CLA group I CLA group II
JEHR P31 Total reads 12 039 290 11 319 172 12 054 534 11 766 943
B FE 5 High quality 11 992 921 11 268 066 12 001 613 11 712 746
T 3'4:3k 3'adapter null 211 522 255 760 172 667 188 809
T4 A R B Insert null 123 251 111 545 155 638 150 713
5'# 335 %¢ 5'adapter contaminant 29 963 25 709 34 716 27 803
/NTF 18 nt Smaller than 18 nt 111 414 117 133 158 020 230 238
% polyA Poly A 72 126 122 143
4151 J7 31 Clean reads 11 516 699 10 757 793 11 480 450 11 115 040
BRAL Leg muscle
3% Type 4 T AL T CLA#4 1 CLA 4 11
Control group 1 Control group 11 CLA group I CLA group I1

JE 5 7 5] Total reads 11 319 172 11 547 164 12 419 842 12 144 824
B R FE 5 High quality 11 268 066 11 496 610 12 363 660 12 098 777
¥ 3'# 3% 3'adapter null 255 760 187 021 214 316 292 296
Jo4fi A A B Insert null 111 545 103 416 111 132 201 319
543754 5 adapter contaminant 25 709 31 035 47 271 48 732
/NF 18 nt Smaller than 18 nt 117 133 120 093 114 339 139 781
1% polyA Poly A 126 145 75 63
4li g ¥ %] Clean reads 10 757 793 11 054 900 11 876 527 11 416 586

HAHBE—TEE LTI FRR

The replicate expressed as I and 1l in each group
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KR, ZEREYL SN CLA FENHA 151 4
miRNA Rk i, 155 P FRE T AL A 141 A
miRNA £ ik i, 163 N~ EXx T H., BALPA
17 ~miRNAs [ log, (Fold change) KT 1,135 L
FRA 7B A 13 4 miRNA /) log, (Fold
change)/NF— 1, & ML HA 6 4K 3). Bl
CLA XFBRIL miRNA 3K /Y 52 W 208 T3 L.

L) log, (Fold change)>1 8{<—1,P<C0.05 Jy
B fE O 8 X B R CLA 4 22 [0 i 35 25 5 ik W
miRNA, &I EAR s CLA B2 504 785 AL
ssc-miR-224 | ssc-miR-9841-3p, ssc-miR-4332, ssc-
miR-628 Hl ssc-miR-339-3p [ F ik ; I % k48 T iR
AL 12 4> miRNAs g %k, Hop 5 ARk 1M,
TANFRIE T L HoA HAT sse-miR-224 7R85 15 LATBR
AR 22 R KA (R O, MO, FHULABRAA L T A
8 M2 RIE miRNAs 2 R FHECLET 4 5L 1
B A AL FE TS WL Y sse-miR-9841-3p Fl sse-miR-
339-3p. DA M BB WL P Y sse-miR-151-5p, ssc-miR-
215,ssc-miR-194b-5p, ssc-miR-452, ssc-miR-205 #
ssc-miR-545-3p,

60
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30

20

H43 /% Percent

23

2.4 LA 16 A& R FiX miRNA )38 E E #i
FOIHEE S HT

CLA 75 NURBR Lrb 43 504 5 A~ F 12 4
miRNAs g #2223 E ik, P ssemiR-224 1 H Ff
WA R 2 7 3R 5, A 16 422 55 %3k miR-
NAs, fil RNAhybrid i miRanda 43 ¥7 5 £ %f 2% 5
FIkM 16 4> miRNAs 17 §8 5 P70, 2 550300 )
5 155/ HEFE M, X HE 5L X it 47 KEGG Tifig 40 #r
R ILE LS| 292 FAEY FE KD, A 24 4>
BEEHEBER(P<0.05. %5, BEEEBEME .
Notch {55 i % f1 MAPK {3 3-8 % %5 05 # 18 5 Wl
R E A B A G, FOIE R & i £ 19T 5 4
A AL A (376 ) LB B 40 AR
P2 (182 AN) L i iE 8 B% (160 ) L%l & B (148 )
MAPK {5 5 i [ (138 4~ , Hipr, WL3h 8 H 240 M
IE % B MAPK {5 530 I #0025 s 42
(P <0.05),
2.5 WHEE PCR KIFZEF KL miRNA

FEFR 4 PREALEE £E 6 422 5 KA K miRNAs,
P79 6 E & PCR(qRT-PCRO I IIF . 7EF AL K6

m TR
CLA%H
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Fig. 1

HAL(A)FARRANL (B) A/ RNA FHIKE ST

Length distribution of small RNA sequence in back muscle(A) and leg muscle(B)
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Fig. 2 First nucleotide bias of miRNA with 18-30 nt in back muscle(A) and leg muscle(B)
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Fig.3 The top 10 expressed miRNAs in back muscle(A) and leg muscle(B)
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Table 3 Effects of CLA supplementation on log, (Fold change) of miRNAs in back muscle and leg muscle

L Back muscle i L Leg muscle
log, 72 5%
log, (Fold change) miRNAs ¥ i B/ % miRNAs (& Ao/ %
Number of miRNAs Percent Number of miRNAs Percent

>3 0 0.00 2 0. 66
>1 H<3 7 2.29 15 4.93
>0.5 H<1 23 7.52 23 7.57
>0.1 H<0.5 78 25.49 68 22.37
>0 H<0.1 43 14. 05 33 10. 86
>—0.1 H<0 29 9.48 29 9.54
<—0.1 H>—0.5 101 33.01 78 25. 66
<—0.5 H>—1 19 6.21 43 14. 14
<—1H>-3 6 1. 96 13 4.28

F4 FCLABMAHREEERRIEZA miRNAs

Table 4 Significant differentially expressed miRNAs in muscle responsing to CLA treatment
miRNA % 7 xt i CLA 41 2% R AR log, % 5t ¥ P fif
miRNA name Control group CLA group Fold change log, (Fold change) P-value
I Back muscle
ssc-miR-224 43.08=E6.96 20.40+4, 50 0.47 —1.08 0.01
ssc-miR-9841-3p 0.93£0. 14 7.26740.90 7.77 2.96 0.01
ssc-miR-4332 5.4040.41 16.3343. 50 3.03 1. 60 0.01
ssc-miR-628 20.63+0.70 43.16+4. 24 2.09 1. 07 0.01
ssc-miR-339-3p 1.5240.50 7.00+1.51 4. 60 2.20 0.04
BRIl Leg muscle
ssc-miR-151-5p 702.27+34. 65 4 148.04=+388. 31 5. 91 2.56 0. 00
ssc-miR-215 6.8141.28 63.30+2.73 9. 30 3.22 0. 00
ssc-miR-194b-5p 1.984+0.00 24.60+3.23 12.42 3.63 0. 00
ssc-miR-122 75.37£9.19 231.04438. 89 3.07 1.62 0.00
ssc-miR-452 71.784+6.87 15.58+4. 34 0.22 —2.20 0.00
ssc-miR-144 554.78+53.50 254.21449.00 0.46 —1.13 0.00
ssc-miR-184 34.03+4, 14 99.47+9.09 2.92 1.55 0.01
ssc-miR-1285 293.46+26.87 143.85+13. 44 0.49 —1.03 0.01
ssc-miR-224 88.18+38.28 29.35+2.82 0.33 —1.59 0.01
ssc-miR-205 14.2042.53 3.1440.83 0.22 —2.18 0.03
ssc-miR-299 118.5547.07 53.28+4.74 0.45 —1.15 0.03
ssc-miR-545-3p 9.3840.71 1.6040. 50 0.17 —2.55 0.03




9 o BHAE AR R S 0 S BT i R X JUL P 2 2 miRINA 2% 3K 1 19 52 )

1915

x5 16 MEFFRE miRNAs I E F R KEGG BB = &£ 45

Table 5 KEGG pathway analysis for target genes of 16 differentially expressed miRNAs

KEGG i L K %K PfH it i ID 5
KEGG pathway Gene number  P-value  Pathway 1D
I8 R B4 f% Aminobenzoate degradation 12 0. 000 ko00627
IML%8 - 15 WL 45 Vascular smooth muscle contraction 125 0. 000 ko04270
DL 4% Cardiac muscle contraction 82 0.001 ko04260
B A - %) Circadian rhythm-plant 6 0.001 ko04712
5% 34 4 Tight junction 127 0.001 k004530
g8 Fn] Axon guidance 113 0.002 ko04360
M2 4 W Folate biosynthesis 13 0.002 ko00790
WLBh 3 3 4 i & 22 8 4% Regulation of actin cytoskeleton 182 0.002 ko04810
AT Alcoholism 79 0. 002 ko05034
5-32 {0, i HE A 22 25 fillh Serotonergic synapse 69 0.003 ko04726
AEJEL AL (L% Hypertrophic cardiomyopathy (HCM) 109 0. 005 ko05410
ME Y 43 I Salivary secretion 60 0.008 ko04970
1] & A & Cocaine addiction 35 0.009 ko05030
A R AE R filt Glutamatergic synapse 67 0.011 ko04724
Y5k A0 LG Dilated cardiomyopathy 109 0.011 ko05414
i 5 F {5 5 3@ I% Insulin signaling pathway 86 0.013 ko04910
FUR ME K 7 35 75 T B Y Pathogenic Escherichia coli infection 59 0.016 ko05130
VoI R A YL Salmonella infection 89 0.023 ko05132
Tt R &= A 8 & A A5 il Butirosin and neomycin biosynthesis 6 0. 024 ko00524
Notch {558 % Notch signaling pathway 31 0.032 ko04330
W H 5> % 48 Two-component system 20 0.034 ko02020
i % 1% 4% Adherens junction 63 0.035 ko04520
B & Bt Focal adhesion 148 0.043 ko04510
MAPK {5538 #% MAPK signaling pathway 138 0. 044 ko04010

M ssc-miR-224 | ssc-miR-4332 Fl ssc-miR-628 [ %
ik, 76 BB L A I A I sse-miR-151-5p. ssc-miR-144
Ml sse-miR-1285 By % jk. qRT-PCR 45 R R
27 AT RT3 A log, (CLA 4/ %t B 4D 15 1
FHXT RN BL . R 4 AT miRNA ) 35725 1k
P My 45 R A — 3, B gRT-PCR £ 9 2 iy %
IR KV A R BE 2N T

3 3
3.1 FHALRALR P HFRIEHN miRNA

A NUE LR AT RE R AR E 23 i, E2AE
ARG 2h B AR . T 1) B R sh A &
I 2l #J2 h A LI 4 52 T . miRNA R Sy & 22
MR 7 5B s L & B AR DA o, AR
5T, 35 LA BR LR 35 & A7 10 79 miRNAs £ 4§

sscmiR-206, sscmiR-1, sscmiR-133a-3p. sscmiR-
26a, sscmiR-10b, ssc-miR-128, ssc-miR-378, ssc-let-
7a, ssc-miR-126-3p F ssc-miR-22-3p, H. H1, miR-
206 ,miR-1 Al miR-133a-3p J& T ALY miRNA, T %
2 55 JLAH P 1 B0 R 43 AL S5 SRR L Qi SRR ST
KM, miR-26a, miR-10b, miR-128, miR-378 F let-
Ta fEREE BT R RB . 5B RS R 2. 5
ARG B #38 miRNAs, miR-126-3p 1 miR-22-3p
U] 2 3 5 57 LA B 39 A G, 25 U,
XL R IR miRNA TE LA 42 & 445 35 2
Y IIRE .
3.2 iR CLA FALA £ R RIE miRNA IhEED T
CLA XF miRNA 2K 5 Wi 19 0 52 32 24 v 7
Re Wi b Bt AR A CLA XFLA 42! miRNA %Kik
TS R TE . ACHIF S S A R R R 1.5 24
CLA, XS4 75 WUAEE JLZH 2L 64T miRNA U 5 7 4R
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