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Their Correlation Analysis in Chicken Skeletal Muscle

SHENG Zhong-wei® , SHAN Yan-ju®, SHU Jing-ting, ZHANG Ming, JI Gai-ge,
TU Yun-jie, FAN Jian-hua, ZOU Jian-min~
(Jiangsu Institute of Poultry Sciences, Yangzhou 225125, China)

Abstract: The objective of the present study was to investigate the expression profile of CaN/
NFAT-dependent pathway genes, and their correlation analysis in 2 phenotypically distinct skele-
tal muscles were studied in chicken during the early development. qRT-PCR was used to detect
the mRNA expression of CnAa, CnBl, NFATc3, MEF2C and PPARGCI1A genes in lateral gas-
trocnemius and extensor digitorum longus of Recessive White chicken at 0,1,3,5,7 and 9 week
age, the correlation among expression of these genes was analyzed. The results showed that the
expression trends of all the genes between 2 phenotypically distinct skeletal muscles were similar
except CnB1, and the expression level of these genes in 2 phenotypically distinct skeletal muscles

was all raised from 7 to 9 week age. Comparison among the expression of these genes in 2 pheno-
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typically distinct skeletal muscle showed that the expression level of PPARGCI1A in the lateral

gastrocnemius was higher than that in the extensor digitorum longus at each detected age, and the

expression level of other 4 genes in the lateral gastrocnemius was higher at 3 week age and lower

at 7 and 9 week age than that in the extensor digitorum longus. Correlation analysis among the 5

genes expression levels in the 2 phenotypically distinct skeletal muscles showed that there was a
negative correlation between the CnAaq and 2 genes (NFATc¢3 and PPARGC1A), and positive
correlations among the expression of other genes. Overall, the expression patterns of CnAa,
CnBl, NFATc3, MEF2C and PPARGCI1A genes in chicken skeletal muscle are age and pheno-

type specific, which may be related to the regulation of the myofiber growth and type transition.
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e A 2 T M R AR T R R
Hhr, 5 PR 2 B BR i (Calcinerin, CaN B Cn)/
NFAT {5 5 # $0A S 2 3 W A= 5 4 45 F0 55
HHENULEF 2L B F S R R B g Z —
TEB LR 05 5 ) CaN E25@E 16k T 41 %
K+ (Nuclear factor of activated T Cells, NFAT)
LA fa 34 55 -+ MEF2(Myocyte enhancer factor
2, MEF2) 2 2 %% 5% R 745 40 i S5 5 1% 328 3 20
A% P9 DATIT 06 18 JUL2F 2 2 o S B R i 5k
I3 8k CaN/NFAT {5538 P 10 WA 7E A i LS 1
{EURIAE DK L 81 5 R % LB K O TR % AR
CaN J2& H Hif & H1 1y M —#Of T Ca®" /5578 K (calm-
odulin, CaM) 225K / 75 2 R 25 1 B B » Hh fiE 1L
WAL CnA FIE AT WA CnB #7245 Ho il B8 45 S dl
B S0E ZRAK. CaN By 2 A 5L 3 4 R [ 1
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BB A] SR AE 10 H CABER 2P SR AE [ HE i AL
B AP LS & T WA R
1.3 2 RNAWIRBRERER

%M TRNzol-A + 4 RNA #2 Bk 7 DP421
(TIANGEN, 4t 50) Ui B S B RNA , BE i

x1 EE5MFS

FL VKRS RNA A 5 i 5, TGem Plus 423 K0
JEIEEE T (TIANGEN, A [ b 50) Il 5 Ho i B2 i 2
pg & RNA, # B8 QuantScript RT Kit (KR103-04)
(TIANGEN, w450 S A5 47 R e 5% .
1.4 SEB % & E E PCR (Quantitative real-time
PCR, qRT-PCR)

4G GenBank A KPR 7 91 551497, 28 1
A A TR CRIE) e A PR w5 . 51 1 51
W1,

Table 1 Primers sequence of the studied genes for qRT-PCR
e 2% )75 51495 (5'-3") P g /bp Ten/C
m

Gene Reference sequence Primer sequence Products size
5'primer; GTCCACCTTCCAGCAGATGT

ACTB NM_ 205518.1 , 169 60
3'primer: ATAAAGCCATGCCAATCTCG

5'primer; TGGTCCTTGCCGTTTGTG

CnAa XM_ 004935968. 1 , ) ) 228 60
3'primer: AGTCAGCCCTTTCAGCGTCA
5'primer: AATGTGCTCGCACTTTGATG

CnBl1 AY336970. 1 , ) ) 103 60
3 primer: CATGAACTCTTCCACGCTCA
5'primer; TTTGGGAATGAACAACCGTA

MEF2C XM_015280565. 1 , 133 60
3 primer; GGAAACCACTGGAGTAGCC
5'primer;: ACCATGTGCGATTCATCTCC

NFATe3 XM_015292362. 1 , 149 60
3'primer: GGCTGGTATTCCAGGTCAGA

) 5'primer;: AAGCAATTGAAGAGCGTCGT
PPARGC1A NM_001006457. 1 111 60

3'primer; CTGTGCACTCCTCGATTTCA

7E ABI7500 %% ¥ % 5 PCR {¥ I 5% Fl SYBR
Green [ ¥:3#E4T qRT-PCR, ¥ ACTB it K ¥E /N
Z W, #& M SuperRealPreMixSYBR Green
(FP204-01) (TTANGEN, w1 [# 4t 50) 3 7 £ 4 #5719
PR X IR IR BE 51 Wk 3 FNAS AR A B 15 A iR AT
Ak, 20 pL Wik R 4% .2 X SYBR Green Real-
time PCR Master Mix 10 pL,50 X ROX Reference
Dye 0.4 pL, FFIF514 (10 pmol « L™') 45 0. 4
pL 10 f5 75 B Y cDNA #ik 1 pL,fn ddH,0 7. 8
plo TR 5095 °C 20 5,60°C 20 5,72°C 20 s, 3t
40 NG BEAFE A3 BT BRI Y
681 FH 40 7K 2R ARABE AR 114 B 1 X R
1.5 Zitam

W B B PG 0 I HE B LA Sk 3 Sy xof AR
41, 27 kPO R A X A . 38 F] SPSS16. 0
B ANOVA Geit 43 #r, Hv A Univariate 43 #7 %

IRETEPE S H W ) Sk 22 5 Least signifi-
cant difference (LSD) Test #fi & [f] — Fh L A & B A
[7i) Ji] 8 1) 8 [) — o e A [) 3 TR L 14 M) ) 3 3k 2
24, A Bivariate Correlation 3 23 8 3 [H 33k &
Z [8) B AR DG I A B DL F S (8 AR IR 7 ROR

2 & R
2.1 CaN/NFAT S EHHXEE mRNA £R[E
REPAPHEBEERIE

Z W &R I 2 ma Rk M. CnAa, CnB1,
NFATc3 .MEF2C 1 PPARGCIA 3P mRNA 7
Btk 1P 2 Fod 2 A0 L PR AS T] o] 0 %) 2 8 4 A 7 il
[] 1 22 5 B0 AN 5 25 CHE A LA 3% < Foa, = 1. 263,
P>0.05;Fqp =2.002,P>>0.05; Fymps; =0,P>
0. 0535 Fugpoc =0. 228, P=>0. 05; Fppagacia = 0. 942,
P>0.05; BEEAFHL: Fou, =0. 117, P>>0. 05; Fep =
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0.37,P>>0.05; Fypars =1.006,P>>0.05; Fyppoc =
0.058,P>>0.05; Fpparacia=0.103,P>>0.05) ., It
B ARG A — B AT R 0K 8 2 5 00T

2.1.1 CnAa F=PH mRNA 7E B 135 1 LA
) Sk e LR R B MR CnAa %M
mRNA 7 [ F 393G ki LA Sk bk A L A
M H RN R ILE 1A, o 2 9 Ik, Bk -
CnAa mRNATE 2 FLARBIPLA 2% BTG
T RER B TE Rk S HE B DLAR I Sk CnAa mRNA
FIEAE O AR B B A, 1 RS 2 B FH (P<C0. 05),
FELEREFEA X RS K, 2 7 AR B R R E ALK
V5 R BT R A B R R B
F 0.1 F 7 JHEE(P<<0.05) 5 BEK AR WL CnAa mRNA
FEIRTE O o] % I AR X B 1 0 i k) b T 3 g
1 KO o S T A A5 R S (P<Z0. 05) , 3 JH % i)
N E T, 2 5 AR T R RAUKE, Rk a i
T M4 J8 i (P<<0. 05),7 J&# K B2
(P<C0.05),9 J#baksz b I+ 245 KF . 2 Fp kil
WU AR LG 78 0107 F 9 JE s i, ik B L A0 0 sk
CnAa mRNA FRIXLT A AL, HAE 1 J8 0% 1) ik
e $2 K- (P<<0. 01) s 7€ 3 A1 5 J& % sf o ik iz LAk
Mk CnAa mRNA Rk W & FREK AL, HAE 5 4
W& Bsf 3R A (2 K (P<<0. 01)

2.1.2 CnB1 £ mRNA 7E B 71939 M iz ALoh
) Sk i BE A LR R B MR CnBl1 %A
mRNA 75 Bk (P39 ik i LA Sk #0 Bk K fi L H
M RE MR L ILE 1B, M0 5] 9 J&] i, CaBl
mRNA 7£ 2 i 8 LA A ) 3R 5K I A — 30 HE
Ja LAMI 3k CnB1 mRNA K 7E 0 J # Bf 48 % 4%
KSR IG &M BT, 2 5 A B F 4B W R R 7 A
U IsF o 28 F K F L 9 B I B S B B T B R K
SE(P<20. 05) s ik KA Il CnB1 mRNA ik & 8 G
TREE BT R 1 i A K B ik, 9 S
IR IEAKF . 2 PR BLLIAAR EL . 75 0.7 F1 9
JE S B FHERA WLAMI 3k CnB1 mRNA 355 F Bk K
AL, HAE 7 JE I B IR K (P<<0. 05) 5 7E 1.3
5 S R LSRN S CrB1 mRNA %35 0 =
FhkK AR L, BAE 1 BRI IR 83 K (P<0.05),
2.1.3 NFATe3 3 H mRNA 7E B 11 549 ik
JULAMu Sk Bk A L 1 & B MR A NFATe3
FEP mRNA FE Bt F1 229X HE B WL AR ) Sk A kK i
W E B HEREGE R WE 1C, 2 FRANLA P

NFATc3 mRNA Fik i #2230 BRI, /P
BURAE 0 BT Rk i 3 & T HADH il (P<<
0. 05) SR 5 1 35 B I 4k 45 76 A0 X AR Y K HE
JaLAM Sk NFATe3 mRNA FiE7E 7 A i B 5
fIK, BE L NFATe3 mRNA Fik7E 1 8 B 3R
AR, 2 PRI L, AE 1.7 A1 9 i % B B
W LA Sk NFATe3 mRNA KA AR T B AL,
FLAE 1A 9 JE i I 22 55 52 @ 25 /K 7 (P<C0. 05) . 7E 7
JEL U I 2 S S A 3 /K OF (P<<0. 01D 5 T 7E 0.3 F1 5
SRS B S JHE B LSRN S NFATe 3 mRNA 3R 3K 0 & F
BERAFAL, BLAE 5 JA I 22 5 12 1 3 K- (P<<0. 05)
2.1.4 MEF2C JH mRNA 7¢ B 5 3038 HE i I
A S F0BE AR LA Y R MR A MEF2C 3
mRNA 7 B P 5 P08 HE i LS00 Sk bk K 1 AL
FR R BEEFRIBLE R IIE 1D, 0 2 9 k.2 F
RPN H MEF2C mRNA 35 Sk b 5“8 T R
Ja BT R R e R LA Sk MEF2C mRNA 3£
IKTE O RS AR AT 85 g o 1 A I8 B R 4 R R, 22 7 )
IR B 2 R AR K O B AR T I A A R (P <
0.05),9 JH W mr R FIt B mAK . BE&T 1.
3.5 7 JEE (P<C0. 05) s Bk Kl MEF2C mRNA
FIRTE O J I I A X A1 L 1 IR I R 46 R R & 3
JE S R B R AR G L 5 S S TT 4G BT g
F b Tt 2 B AKOE a9 JE W AR B AR AT DR R
EAKOE L R T 0.1.3 5 JHIR (P<<0.05), 2 fil
FAIWLR AR LG 72 0.1 F 3 Jal s s, JHE iz UL &1l 3k
MEF2C mRNA ik & FREK AL, H 22 708 8 3%
(P>0.05); M€ 5.7 F1 9 J& % o, JHE 7 UL A0 00 sk
MEF2C mRNA 235 WK T Bk AR AL, B AE 7 J5 i
i 22 5 5§ F K (P<<0. 05),

2.1.5 PPARGCI1A 3:H mRNA 7& FaE (35 4 fE
J LA Sk F0E DL i R B MR S
PPARGCIA 3 mRNA 7 Fa 11 23848 k7 WL oh
3k Bk < A L A Y kB MR SR A A5 R W LE,
0~9JEIL,2 Fh L AIWLA H PPARGCIA mRNA #
R A — 3, RIS TE O JE 8 I oy 2 v T L
il % Ji i (P<0. 050, 1 J&] % I JT 4 °F 6 B IS 4 45
FEA X AR FRIB KT 2 9 e A EF A
1.3.5 Al 7 JE % [ AH 258 B 3 (P>0.05), 2 fji&k
RUILAAE EE . HE LA S PPARGCTIA mRNA 3%
TRTE A JE U I 12y T kA UL, ELAE O 8] % i 22 7
5 F K (P<0.05),
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¢ D m JE7 VLA Sk Lateral gastrocnemius
14 O kKA JLExtensor digitorum longus
ar e i *
= 12l w7 LA Sk Lateral gastrocnemius 2.0 i b
iﬁ% ' g O BEKPHDLExtensor digitorum longus iz 8
W2 o l0 X 3 c
iy ki
=2508 =55 a
= £ =1 ba p
K] = R
I = 0.6 “.3 5 a g
n N = by o=
SEC 04 823
§ 3 E £ a
O 1 Il Il 1 1 I |
1 3 5 7 9
JEs Week

E

=}
H

PPARGC1A R £k

0.8

0.6

0.4

Normalized fold expression
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e
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m IS MU Sk Lateral gastrocnemius
O LKA JLExtensor digitorum longus

a
TP 3 5 7 9

JAly Week

A El/INE Rk R (6] — 2 B L PR A () A 8% 1) 22 57 38 (P<T0. 05) 5 » 3R [a] — Ji] e A [) 2 UL PA) 1] 2% S {8 2% (P<<0. 05)

x x 2 [] — JEL % AS ) 28 YL A ) 22 S5 i (. 3% (P<<0. 01)

Different lowercase letters indicate that the expression in the same phenotype muscle is significantly different among different

week ages (P<C0.05); * indicates the expression is significantly different between phenotypically distinct muscles at the

same week age ( P<C0.05), % x indicates the expression is extremely significantly different between phenotypically distinct

muscles at the same week age (P<C0.01)

Bl 1 CaN/NFAT ESEBEXERNEREE PG 2 HARREIA PHRIE

Fig. 1

2.2 CaN/NFAT BEHEXERRIEINHEX R
Btk 1 9 B L A0 sk R Bk K Al L e
CnAa.CnBl .NFATc3 .MEF2C J; PPARGC1A 3
HFRIB M I T 25 B W3R 2 filgk 3. M3k 2 ISR
3R 2 PR R CnAa 5§ NFATe3 3 A
12235 L0 K CnAe 5 PPARGCIA B (1) 363k 2

Expression of CaN/NFAT-dependent pathway genes in 2 phenotypically distinct muscles in Recessive White chicken

AN AR RN F R Z B R IEM G, H 2 fi g
BINLA  NFATe3 5 PPARGCIA 3t 1y 32 3k LU
F CnBl 5 MEF2C 3[R i) 223k 35 52 4 2 25 15 AH ¢
(P<<0. 01>, J3 40, ZE M WLAM 3K b CnAa 5
NFEATe3 L PPARGCIA 3 1y 3235 2 B % 17
M (P<C0.05), 5 CnB1 H:H B 8 T EIE A
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F(P<0.05),5 MEF2C 2 H £ E 2R B 2 F K PPARGCIA FEH ) 3k ¥ 5 g 35 1E A ¢ (P<
MK (P<<0. 0D, FEHKAPALF .CnBl 5 NFATc3 0.05),

K2 FERGALSMU Sk h CaN/NFAT 52 BB XEFRIEAEEY

Table 2 Correlation of CaN/NFAT-dependent pathway genes expression in extensor digitorum longus

FH Gene CnAa CnB1 NFATe3 MEF2C

CnAa

CnB1 0.713" —

NFATe3 —0.309" 0.119 —

MEF2C 0.633"" 0.666"" 0.186 —

PPARGCIA —0.307" 0.08 0.936" " 0.252

R AT T M 3 (P<C0.05) ;" * L MISEMR B (P<<0.0D), ¥
—. No correlation analysis; *. Significant correlation (P<C0.05); **. Highly significant correlation (P<C0.01). The same
as below

®3 B MALH CaN/NFAT {5 S 18 BE 18 X £ F KX M R B i

Table 3  Correlation of CaN/NFAT-dependent pathway genes expression in lateral gastrocnemius

FEH Gene CnAa CnB1 NFATe3 MEF2C
CnAa —

CnBl1 0.042

NFATe3 —0.19 0.318" —

MEF2C 0. 256 0.517"" 0.025 —
PPARGC1A —0. 085 0.278" 0.851"" 0.127

I G AR NFAT 7 &Y, A AR 2 A ] 28 B L7

3 # Y WLER 1 T DR A 3k
Bt AR U LAY B R B AR U A LT 4 JE K J. T. Shu #7558 & B IGF-1-CaN-NFAT {5

WALRE L WL e RGeS . R GRS LF e e 0 i LT e 28 T 6 e v ] B R 5
WAL g T B BAMBFIT R WL CaN/  WHEAE . HATA O Cn {5 5 B B 8 UL Y
NFAT (55 BEM A s i G Sl bk s PHOemRDd . APFF LB, CaN/NFAT {55 3 #
YRR AR L A R R R AL e K g K CnAa, CnBl, NFATc3, MEF2C Hi
FRIDUA BRI FE T, B HETX T CaN/NFAT — PPARGCIA mRNA 7 7B i 49 B o (5 28 08 fie
fE5 50 B /e B 7 B 7E 7E 4 L. U. Dellling W WLAMIU Sk QR G BULAD FEE AR L CHR AL Hr i &
AU RS % I NFATe3 & L4040 (LB Cn i B RSB EAG 4 08 A0 3 AR S M (H A 7 A Ve il
SEWOE ) . 0 NFATC3 #1452 3518 LA 4 il FESk . Br CnB1 JEP SN, HoAth 4 43K mRNA 78
BRAE M AR FE38 . HED Cn 3f i3 NFATe3 412 #F i 2 PR AL L rh R A A AR . NFATe3 Ml
JULAR B 43 Ak AR5 ot At DX (R 18 LR 4 L ek 8 PPARGCIA JE[H mRNA f£ 2 Fh & B % L 2
FESREIA. S. A Parsons U il i Cn B 76 0 JAME I a5 & 23 | T H A 3 i (P<<0. 05) 5
/N DT, Cn 3t R K # T NFAT HLHIJE T CnA mRNA FEREAHIL 1 &R B0 T 20k F I
LR S, D. L. Allen 257 LB FERALNL W T HAL A B (P<<0. 05): XA aE 5 4t )5
g4 MHCIla. I x M I b MR8 FRIBAAREZH  FWINLF4ER R L R A ¢, 2 Fh R B L
NFAT 454 07 5, B £k CaN o] LITG (b Lo el 5 I mRNA B93RE N 7 2] 9 IR 52 EJHE
YL H, 0 E. Calabria % " B #F 58 £ W, Cn #OXATREYS CaN/NFAT 5 Sl EN AR T
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Ja 0 SR AL UE LA 4R IR KA . BAN AWFSE &
B[] JE W% 2 Fho g YL P AR B BR HE B LA 0 Sk
PPARGCIA HE[R 45 J8 i 32 35 ¥ 5 F k4 i L5k
ol 4 AR A R AE 3 A I sk HE Az LA % =5
TREAARL, TAE 7 F0 9 JA % B ARG T Bk A AL 5 3 ]
e CaN/NFAT {5 53l #% AR 58 L A 28 2 A0 A K By
B R a gl K RE A K,

CaN 7E WL A Hh 1 36 # A A5 i 4k T B 4
CnA A7 %, if 5 H 37 W27 CnB A3 %77, AW
FERTBAPE P3G 2 Fh R R R L CnAa, CnBl1,
NFATc3 . MEF2C J; PPARGCIA 3% [H % ik 1 %
HR ATl S 2 B, B AR 2 Al R AL B L PR CaN 1)
AL W B CnAe R XX S HEHIKY
NEATe3 3 i 355 L) & B[ ] F PPARGCLA
BE DR 38 2O OC L (H AR 45 R R R GA Z ] ) &
TEAHIE WA 7R T 3k S 3 P ) 1 ke ik P R R

4 &

ARIHFIE T CaN/NFAT (5 E5@ % 5 3 H
TEXG AN ] R AL IR 30 B i Rk A R S
AHEER mRNA )RR E Ve AR E KB B
FEAL Y 22 5 H i R R PR 22 5%, H 5 A
Z ARG B IR 63K 5C & L $278 CaN/NFAT {55
AT RE S 5 R T B R LILER 4k i A R 2
LI

5 % 3k (References) :

C1] HEE, 2 Fl, EMAK, 5 FRIUEF REMHEC
IncRNAs fFFEBERE[T]. & 0 B4l 2016, 47(4):
637-644.

ZHAN SY, LIL, WANG L J, et al. Research pro-
gress of long noncoding RNAs in the regulation of
skeletal muscle development[ J]. Acta Veterinaria et
Zootechnica Sinica , 2016, 47(4) . 637-644. (in Chi-
nese)

SCHIAFFINO S, REGGIANI C. Molecular diversity

of myofibrillar proteins: gene regulation and functional

significance[ J]. Physiol Rev, 1996, 76(2) . 371-423.

GARRY D J, BASSEL-DUBY R S, RICHARDSON

J A, et al

[3]

Postnatal development and plasticity of
specialized muscle fiber characteristics in the hindlimb
[T]. Dev Genets 1996, 19(2). 146-156.

[4] CALABRIA E, CICILIOT S, MORETTI I, et al.

NFAT isoforms control activity-dependent muscle fi-

L6]

L7]

[9]

(10]

[11]

[12]

[13]

[14]

ber type specification[J]. Proc Natl Acad Sci U S
A, 2009, 106(32): 13335-13340.

WU H, NAVA FJ, MCKINSEY T A, et al. MEF2
responds to multiple calcium-regulated signals in the
control of skeletal muscle fiber type[J]. EMBO J,
2000, 19(9): 1963-1973.

SCHIAFFINO S, SANDRI M, MURGIA M. Activi-
ty-dependent signaling pathways controlling muscle
diversity and plasticity[ J]. Physiology (Bethesda) ,
2007, 22(4) . 269-278.

CHIN E R, OLSON E N, RICHARDSON J A, et
al. A calcineurin-dependent transcriptional pathway
controls skeletal muscle fiber type[ J]. Genes Dev,
1998, 12(16): 2499-2509.

HUDSON M B, PRICE S R. Calcineurin: a poorly
understood regulator of muscle mass[ J]. Int J Bio-
chem Cell Biol, 2013, 45(10). 2173-2178.
PARSONS S A, WILKINS BJ, BUENO O F, et al.

Altered skeletal muscle phenotypes in calcineurin Aq

and Ap gene-targeted mice[ J]. Mol Cell Biol, 2003,

23(12): 4331-4343.
LS S S SS ) G  h 3 R A

A JER (PPP3CA) 15 AN [3] ity 1 4 7 7 393 1L 1A o i
Tk B H G WA AR LT ] R AR
4. 2015, 23(2): 236-243.

SHAN Y J, SONG C, SHU ] T, et al. Expression
profile of protein phosphatase 3 catalytic A Gene
(PPP3CA) mRNA in muscles of two duck breeds
(Anas platyrhynchos domestica) and its relationship
with myofiber traits during early development[]].
Journal of Agricultural Biotechnology, 2015, 23
(2): 236-243. (in Chinese)

DELLING U, TURECKOVA J, LIM HW, etal. A
calcineurin-NFATc 3-dependent pathway regulates skele-
tal muscle differentiation and slow myosin heavy-chain
expression [ J . Mol Cell Biol, 2000, 20 (17):
6600-6611.

EDMONDSON D G, LYONS G E, MARTIN J F, et
al. Mef2 gene expression marks the cardiac and skele-
tal muscle lineages during mouse embryogenesis[ J].
Dewvelopment, 1994, 120(5) . 1251-1263.
POTTHOFF M J, WU H., ARNOLD M A. et al.
Histone deacetylase degradation and MEF2 activation
promote the formation of slow-twitch myofibers[ J].
J Clin Inwvest, 2007, 117(9) . 2459-2467.
POTTHOFF M J, ARNOLD M A, MCANALLY J,

et al. Regulation of skeletal muscle sarcomere integrity



1832 Ok OB E ¥ iR 48 &
and postnatal muscle function by Me f2¢[J]. Mol Cell [23] OH M, RYBKIN I1, COPELAND V, et al. Calci-
Biol, 2007, 27(23) . 8143-8151. neurin is necessary for the maintenance but not em-
[15] ANDERSON C M, HU J X, BARNES R M, et al. bryonic development of slow muscle fibers[J]. Mol
Myocyte enhancer factor 2C function in skeletal mus- Cell Biol, 2005, 25(15): 6629-6638.
cle is required for normal growth and glucose metabo- [24] MITCHELL P O, MILLS S T, PAVLATH G K.

[16]

[17]

(18]

[19]

[20]

(21]

[22]

lism in mice[ J|. Skelet Muscle, 2015, 5 7.
ROBERTS-WILSON T K, REDDY R N, BAILEY ]
L. et al. Calcineurin signaling and PGC-1a expression
are suppressed during muscle atrophy due to diabetes
[Jl. 2010, 1803 (8):
960-967.

BASSEL-DUBY R, OLSON E. Signaling pathways

Biochim Biophys Acta,

in skeletal muscle remodeling [J]. Annu Rev Bio-
chem , 2006, 75; 19-37.

LINJ D, WU H, TARR P T, et al. Transcriptional
co-activator PGC-1a drives the formation of slow-
twitch muscle fibres[J]. Nature, 2002, 418(6899) ;
797-801.

SHU J T, XU W J, ZHANG M, et al. Transcrip-
tional co-activator PGC-1q gene is associated with
chicken skeletal muscle fiber types[J]. Genet Mol
Res, 2014, 13(1): 895-905.

LIVAK K J, SCHMITTGEN T D. Analysis of rela-
tive gene expression data using real-time quantitative
PCR and the method[J]. Methods, 2001, 25(4):
402-408.

EIZEMA K, VAN DER WAL D E, VAN DER
BURG M M, et al. Differential expression of calci-
neurin and SR Ca’*" handling proteins in equine mus-
cle fibers during early postnatal growth[]J]. J Histo-
chem Cytochem , 2007, 55(3) . 247-254.

O, R, B, & RGBT R X A
X0 JE 1 JLJUL 2T 248 2 B0 0 AR K il A DG R PR 8 3K 1Y 32 T
LJ]. sh#¥=#k, 2006, 52(6): 1133-1141.

LIY, YUAN L X, YANG X J, et al. Effects of early
and late feed restriction on myofiber types and ex-
pression of growth-related genes in gastrocnemius of
broiler chickens[J]. Acta Zoologica Sinica , 2006, 52
(6): 1133-1141. (in Chinese)

[25]

[26]

[27]

[28]

(29]

[30]

[31]

Calcineurin differentially regulates maintenance and
growth of phenotypically distinct muscles[J]. Am J
Physiol Cell Physiol, 2002, 282(5) . C984-C992.
LOMONOSOVA Y N, TURTIKOVA O V, SHEN-
KMAN B S. Erratum to: reduced expression of My-
HC slow isoform in rat soleus during unloading is ac-
companied by alterations of endogenous inhibitors of
calcineurin/NFAT signaling pathway[J 1. J Muscle
Res Cell Motil, 2016, 37(1-2): 53.

ALLEN D L, SARTORIUS C A, SYCURO L K, et
al. Different pathways regulate expression of the
skeletal myosin heavy chain genes[J]. J Biol Chem ,
2001, 276(47); 43524-43533.

SHUJ T, LI H F, SHAN Y J, et al.
profile of IGF-I-calcineurin-NFATc3-dependent path-

Expression

way genes in skeletal muscle during early develop-
ment between duck breeds differing in growth rates
[J]. Dev Genes Evol, 2015, 225(3): 139-148.
WANL, MAJ S, XU G Y, et al. Molecular clo-
ning, structural analysis and tissue expression of pro-
tein phosphatase 3 catalytic subunit alpha isoform
(ppp3ca) gene in Tianfu goat muscle[J]. Int J Mol
Sci, 2014, 15(2): 2346-2358.

SCHULZ R A. YUTZEY K E. Calcineurin signaling
and NFAT activation in cardiovascular and skeletal
muscle development[J]. Dev Biol , 2004, 266(1); 1-16.
SAKUMA K, YAMAGUCHI A. The functional role
of calcineurin in hypertrophy. regeneration, and dis-
orders of skeletal muscle[ J]. J Biomed Biot, 2010,
2010 721219.

LIU J, LIANG X J, GAN Z J. Transcriptional regu-
latory circuits controlling muscle fiber type)switching

[J]. Sci China Life Sci, 2015, 58(4); 321-327.
(Ui FE



