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Research Progress on Wooden Breast and White Striping Myopathies in Broilers

KONG Fuli, LIU Ranran, ZHAO Guiping, WEN Jie”
(Key Laboratory of Animal (Poultry) Genetics, Breeding and Reproduction of
Ministry of Agriculture, State Key Laboratory of Animal Nutrition, Institute of
Animal Science , Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract: Recently, wooden breast (WB) and white striping (WS), the newly reported myopa-
thies attracted wide attention of global poultry industry for their increasing incidences and nega-
tive effects on meat quality and broiler performance. WS is characterized by the occurrence of
white fat striations parallel to muscle fibers, while WB is mainly featured with obvious hardening
of breast meat fillets. These two myopathies share similar histological lesions and often appear
together. They can adversely affect breast fillet’s appearance, nutrition value, ability for further
processes and consumption intention, which result in huge economic loss to the industry. In
recent years,most of the studies on WS and WB were reported by international research groups,
few by Chinese research teams. In this review, we summarized the research progress of WS and
WB from the aspect of pathological features,impacts on meat quality and nutrition value, the un-
derlying causes and possible detailed mechanism in order to provide reference and theoretical basis
for future studies.
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X PR SR B3k o ] AR Bt SR EE — KRS 2 . B
GIRREET RN K R A K =
P AW & . 2018 AE[E ARG A - 52 Ry 1 457. 8 J1
Wi, 24 4 [ P 2 A e (8 815. 6 JT M) I 16. 5%
AN R 7= Sk 1. 14 A2, 2 o B s R
(3.4 A2 Ay 33. 4%, ALK, — R B A R R
PR ) A AS BB B, 40 4% 80 (white striping,
WS K i B (woody/wooden breast, WB)E! D)
T B R A A (spaghetti meat, SM)MI &5 5 b &
J5 PAD ) R TR Bl Bt T A A R R e R
UL WB R WS i £, #fF5 &0, WS i1 WB
) K A S 0 ™ o R B AE — Y R o 5 L S T A
K, A PR R XS o, L WS R WB
(0 52 HE R Bk 10 B F 15 % 2 47 . JE A B4R ETHI
R TN | 0 N5 S TSN /8 B N N N 8
PG (R HE =>4, 0 kg) WB IR mik 2020 Al i1,
AU 9 [ PR 352 58 s A A 8t R AR ARk e T 5 42
ST > A DN B DA K 17 5N i N TS i A
WB &SRR N EL R TREHERNZRE, X
T WS HI WB 9555 B 2£ FRAE 6 1R 5 59 5 I L & A
B B 5 R R 9T H 3838 &2 . AR SCERR T 4F

KE NI WS FI WB 5 F 52 1 & . DU O i — 2B IR
ABEFE HAE BAL L 4R 58 25 & i D J7 58 $ IR 2
2%,

1 WS 1 WB )% IB 2245 4T

WS.WB il SM (1) 45 5 FRE A B 2% FR 1iE
FHIG . WS S UL AT UL ey L sl 58 LA 5 WL 4~ 47 19
B ARER A G s WB LA AL . il 55 1%
B, M AR 2R ™ R Y R 1 A M A s SM
Al UL VAR 4 SROA s s . WS R WB JE[R] i
BT, PR AR AT L R i 1 A A ) 5 DX IR R 2R Y
k80, Kuttappan % MR 5 1 45 2009 5 B A58
JEE O M LRE A7 4 2 < 0 R e LT B S 1 AR 80 T
WSHDREEE/NT 1 mm WHFKLGEE WS A
BMEZ5ERT 1 mm (A KL (K 1), Bowker 257
DX i) R) P 470 SO0 T 088 8 R Ry F 43 b o L XF WB i
TTVEA FA3 25 IE R (0 ) W B N B e 2 4k H B Ay
LM B WB (L 43 Sk o 55 U AE , 4 3 07 A7 Bt
P EE WB (2 43) i LI A, (3 2 5 A 5
P WB(3 43 B AN g L™ I A L 2 4 IR
(KD,

A €

B

A IEEALB. KL, P E-WS(H £&40<<1 mm);C. AL, EE-WS(H &8 >1 mm); D, AL, P E-WS(H &80<1
mm);E. ML, 5 EE-WBGEE (A s 34k s F. KL, th BE-WBCE [ ¥k i8 Pk X Ak s G, B L. 5 BE-WBCES (9 . 9 18 1 1
1k s A s YD s H. AL, WS F1 WB R & 451 AL, SM; ). BgL, WS Fit SM [l i & 4=

A. Normal breast muscle (without white striations or harden areas and hemorrhages); B. WS-moderate-2 breast muscle

(with striation<{1 mm covering the breast surface extensively); C. WS-severe-3 breast muscle (with striation™1 mm cover-

ing the breast surface extensively) ; D. WS-moderate-2 thigh muscle (with striation<{1 mm covering the thigh surface exten-

sively) ; E. WB-mild breast muscle (with focal, hardened, and pale areas, without the hemorrhages); F. WB-moderate

breast muscle(with diffused, hardened and pale areas, without the hemorrhages); G. WB-extremely severe breast muscle
(with diffused, hardened and paleareas and hemorrhages); H. Simultaneous occurrence of WS and WB (WS/WDB) breast
muscle; 1. SM-breast muscle (tendency towards separation of the berbundles composing the muscle tissue itself) ; J. Simul-

taneous occurrence of WS and SM (WS/SM) breast muscle
Bl MALRES &

Fig. 1 Classification of myopathies in chicken breast!'
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WF5E R, AT DL 3 a0 1 b 5 WU 45 0 A
S I T 5 1 O W) A6 T S M L B A AR
B 1 IR U RE T A4 2 P WSOIL S aB AT P A 2
HCAE Jre vk o BRI ik B 04 3% B0 3 L 5 e R 1Y O R (R
i 38 32 I 3 X (1 3 25 58 ) AT LA SR i WB AN (&
)M 1985 4F, Siller™ H 3 L 38 1 I 2 A il g
JLIR 18 i (creatine kinase, CK) 2 8 7] ) 28 51 38 #F

Jig AL 9% (deep pectoral myopathy, DPM); Kutta-
ppan 45 R HL L T WS AN T o CKL A TR # &
fif (alanine aminotransferase, ALT) .| ]2 & R & £ 5%
i (aspartate aminotransferase, AST) 1%L BRI & fif
(lactate dehydrogenase, LDH) & & & & JI & ; Ka-
wasaki S0 RS K M LR 005 A A PR Ok R B2 g
T Z A0 ML o CK A1 AST (H R TR .

a.c. IE¥W;b.d. WB Mk
a,c. Control birds; b.d. Affected birds(WB)
2 IR TEEGF WB A E

Fig. 2 Standing positions of normal birds and the affected birds (WB)C's!

WS, WB Hl SM 4 A 7] B8 A [] . 5 X5 L pY 41 21
ARG 2RI 5 3 3 i JUL PRI Bl B A 45 1 AR R 11 A 2L
5 B 2E R L (H SR AL (2 1) . Sihvo Z9 X WB
HEAT I B2 S BT R B 2 30 T8 WLET de s /b, B[R] TP
WLET 2 5 98 1 40 B 10 A 2 LT 43R Ak RTIR T 5 3R
A6 1 LIRS 2H 2P A s 4 AN W 52 R e I 2 1 45 4
HE LA RS I L2V B T 4k, WD 4140
x1 EEMAS WSWBHI SMZ EHEARFER

R i DA UL T 1) A 0 T T R

2 WS WB 3t i fa i #0 0 T & 1 B9 52
2.1 WS F1 WB Xt AL B 28 B ) 43 B9 32 i
AR S e e AR E R EE .
T e R R AT D R EAREZ
— BRI A B AR Y (A WS R WB 1

Table 1 The histological difference between normal and abnormal breast muscle( WS, WB and SM)

%5 EH HE A N BRFH A
Item Normal White striping Wooden breast Spaghetti meat
A1 W95 8 R A, FEK FAT T WU £ 4 X BRALE AL, 52 1Y, 3R WL 4 A
Appearance lesion JrA A AL HHEOE B Y, 3 B AU [

fih 45 152 it
21 B2 R AE E2uBI e -4 REEW NN . 50 DL 4 5 B % Ak 22 v IRE
Histological HELL S35 L I AOLEF 41 2 5245 0 LY T 0L 4 25 41 L0
characteristic fig Iiii 048 1 240 e v Vi
LS ) R 17 20 23 AE WL 5+ JULJE] 99 £ ) 348 58 JUL P L] 45 4 2 21
Special structure H UL (IR B AD 4R (L4140 A, BILET 2 7 5
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S M X TR 35 B T K BRI . EELR
FEAK G & RGN HLER (1 R R R R
TG S A TS R LR R A R R R
JBE B 1A e 4 A A 40 T B R S R L, A R
JUL PR B RE 5 AR . WB LE IE B i UL B AT R S ok A
ST A R I R S A L S T AR R
W E TR . SRR G R 5wk R A, T AR 4 X
WLPA 7= & B A7 fif 7= A R RS ', ik 4b, Soglia
S, WS R WB Hp R 2T 2 R R,
T TE R Il 1 B 3R R i 4 7% Ak L R 1 0 R g Jo 4 1k 3R
4 WS 1 WB g5 g4 & it 2 T 40 xS Y
TR0 T RE e i AL A A4 1 R 2 —

®2 WS WB G RBRIERMZ M (n=48)0"

2.2 WS #1 WBXH &R

AR S T 2 3 0 TR T Y SRR TR 4 R T
WS Fil WB 5|2 R AR 035 it b AR fb (3R 2) iR
HuFZ R T A I SR R WA R B, N TR AR
J£ WS iy pH 25K % ABEE WS ™ & 72 7 1
g n , [W SRR EE ) WB b WS XF pH 5% K,
WS 1 WB 3 [6] H B pH 52 58 27 OK [ i
FELERARY] WS A1 WB 5 15 W LA Fe A (L=
ax \bx )3 AME R B E = AP AL B — A (Lox 5 a * 5
bx BN (Lx (bx fil Lx ax)FEBEFEMEZES, H
Xof g AL B2 JERAV %) 552 i KT A 5 He v WB Fn WS 3
7] HH B WA A G s WB YR 22 s WS SR R /N 727919

Ttable 2 Effect of WS and WB on the meat quality traits of chicken(n=48)"]

g JJLZE 5] Breast meat category

S b iR P1{H
Parameter 1EH B AL H a4l NS = S S W N S E M P value
Normal WS WB WS/WB
#£ /- A Fresh meat
pH 5. 80° 5.90° 5. 87" 6. 04" 0.01 <20. 001
Lightness L 56. 0% 54. 9" 57.0° 55. 2" 0.2 <<0. 001
Redness a * 1.76 1.72 1. 67 1.70 0.05 ns
Yellowness b # 2.72" 2. 70" 3. 27 2. 64" 0.08 0.017
KI5/ % Drip loss 0. 93" 0. 72° 1.19° 1.03" 0.03 <0. 001
A Cooked meat
FEH R/ % Cooking loss 1.6 24.7 28. 0" 29. 5° 0.4 <20. 001
55 4) 1 /kg Shearing force 2.37 2.35 2.19 2.21 0. 04 ns
Lightness L 4.0 83.7 84.0 83.5 0.1 0. 037
Redness a % 1. 64 1.81 1.79 1. 85 0.03 ns
Yellowness b * 8.01° 8. 30" 8.43" 8.47° 0.05 0. 001

[RATBUE B b A Rl /NG ZE R 28 57 035 (P<<0. 05) . JB bR AN Rl K E FH8E R 22 50 3 (P<<0. 01) , J8 FR A 7] 57 B o 6 =7 £

RREFRABEP>0.05, FI[d

In the same row,values with different small letter superscripts mean significant difference (P<Z0. 05) ; and values with different

capital letter superscripts mean extremely significant difference(P<C0.01); while values with the same or no letter superscript

mean no siginificant difference(P>>0. 05). The same as below

2.3 WS 71 WB X4 B in T 45 14 A9 %2

WS 1 WB B A AR BY 7 7K J7 F0 i il 05z 1 %
EEM KBRS FEmE R R, 5
TEH X 6 PR PAT JBE A B R BT A X i PR JBE R K
S RRA IS A5 B 0 8 e A R L B L N SR M AR
R A 457 i = AT L8 R 00 L O e o L 5 R A I, 2
B K B B 1 o 1R E & B AR B4 & 3

B ff i, Aguirre SFUY T L IE H A S0 i 07
WAl 83,2100, EEE WB Jhy 59. 2300 ; 78 Bt | f
VIR R AR AT R ST A R RS G R L g
T EE WB Y TR R R ST
EIERRE RS WB I 5 i AT . e Ab A R AL EE
R A AR E M, WS WB il SM. Y i
AR R i R AR N A R R
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DR A S5, 3 AT RE SR WS I WB B2 R I 9f 4 H R
FEFHZ —,
2.4 WS 0 WB K TR 46

PRRB PR E LR B, r#leE
XoF 45 JU X e PR 1A o PR AL R R TR ORI N W 07 L 5
PUAE P2 e Bk DU AT R MR 4R AR R, BT
WB K 4> FEE [ & 5 0E % MUY 25 et 7
i 41 #h (near-infrared spectroscopys NIR) Jill & L. A
KA LR B, Wold 47 g 57 7 #) J NIR
BORKG I 2 A K > & sk %0 WB 5. R
P WS B W7 & A8k (A 0. 5% 73] 10. 1%0)3X
— ¥ 45, Traffano-Schiffo &7 Fi] F 53 451 ) 1% % J&&
i ST T A OO B R SR A XS AR 1 SR8, A,
PG AES T 1 0 25 S B I i B, WB A4 B
J& J1 (compression force, CF) /N ja JLE & %5 ] 46
XK bt WB PF43 34 hn, CF & 25 35 I, 78 I Al B
FEST T E CF 4045k WB 7%,

3 WSH WBREBKEmMESE
3.1 EEMER

ST F B ASTA] S A GRO ) L 6 L™ X8 3 1
WS Fil WB & Az R [R] X Az B2 A AL 7= 2 1) 258
BHRE T RERMN K EF, 2013 48, Kuttappan
SEVPRAR 4 AR S R A WS 5 e PR 2R A B
ENCETES Y 2 o < N G PN E AP LY e o T R
(% 3), Petracci %5 % 3, w2 Mo L= 5 5 3% 3 iy L
PR A L BT WS R R & (15. 2% ws
10.0%), Chen 5" 52 3 A~ AL A XY 5 & M
ACRB PR (1950 4F A 3% (Y A XS) WB 55 A48 B & BE

®3 FERRMERHBH WS &K £ xRN

ACRB 3% WB i 48 2 B 5548, 3 A IR I A9 &
ZIa] WB = E R EF R %2 HF . Zampiga &
3 ) 6 456 R A [ 35 FRT AR 04 /)N 7 4 5 TR A KR
S Ak AN AR % R BEAR [ L B AR [R]85 i A K g A
I AHHE WS F1 WB i AR M2 7B, Tro-
cino MY K B, WB 7E A G H H B0 HE 2R 8 1 B XY
(8.0% ws 6.3%). Brothers M58 13 4> #r WB £
AR FE N F R KB, A XS A 189 AN FE N Kk i,
103 AN GBS YO T Z Jetafk -, 5 iR A
A7 38 G LA A BRI 6 G 2 AU AR A S L X — L
SEHOIIN A o A f AT 3 A 7 vk 5 AL PR BB 5 R O 1 4 T
Fric A FH 8% 5 B 0 7 2 R AK WS R WB i &
R,
3.2 hEMEAE

W5 R WS il WB #9 % 4= 5 B L5 %5 Y1 A1
5% LA T R SF R . WS R WB B & AR R TR
45 Sy E el (3% 4) ., Malila 250 B F logistic
1= 53 B 8RB JUL B 4 18 n 106, WS R WB &
A B 4 S i 50. 9% F 61.0% . J&SE H &M 6
JE B E) 7 JE R E R, WS T R A B 2 3
(F5), WL AT UL, 4 5 A i L B R A AN 1R
A WS Hl WB i JL3 K,
3.3 H%*

WFoE R I 05 A KPR RE VB R Lh 25 3 5 39 R
e AL 7= S L [ s 2 UL PR B 1 kAR O
I7) A K B B 1 B 5 it 4 BR a OR B i R £ ) B
Wi AR AR AR A B VR B 45, S — 8 R IR WS AN
WB ) & A 38 {0 2 5 A = ik gt R Rt
e Mg WL 5 WSHIWB I & A2 R ) F & A 7] i

Table 3 The incidence frequency of WS in broilers with different strains and sexes'*"

KAEBUR/ R (/%) Frequency

R N 3%
Factor E# B L I H SR G AsE e FEA B
Normal MOD-WS SEV-WS Total
Z 9 Strain
A 112 (59. 3) 72 (38. 1) 5 (2.6) 189
B 50 (27.2) 99 (53.8) 35 (19.0) 184
C 85 (49. 1) 83 (48.0) 5 (2.9 173
D 80 (41.5) 97 (50.2) 16 (8.3) 193
P Sex
38 Female 199 (53.2) 157 (42.0) 18 (4. 8) 374
N8 Male 128 (35. 1) 194 (53. 1) 43 (11.8) 365
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R P I . B WF 5T & B, 9/ B A= K A 1 6 2
/SRS 2 R L A5 . BT RSS2 e AR PR RE L T
FRITRE PR 0T ) R R WL PR R B (2 WS ORI
SM) % A= AT B ), Ik 4b, Livingston
SEUTIR ST W L A B R A A7 B TR A R R LR
BRI SR £ T A WS Rl WB B %z A 2 g 748 iR B
A1 35 B B v mT R 8 K S [ A L R R R H
MY E FE K WB &A%, Greene % & 3.,
1% ik T Aok 9 T PR R A PN AR R A R OC i TR R AR
WB )™ R A KRR AN Z . AT

F4 MNRENEBEES . R TG REE

TN o of 3 A Uk % TR X 2B K AT I LA K 7 R S TR
B 30 A R R A A A o A A L B i £ 7R 1 AR
HAE—E R LB WS 1 WB i kA4, ERUH
PN IR S T I S T RN A BB i DG R RE U
ARG WS WB ik

4 WS WB % EH &
4.1 WSH WB WA 4%k RiTiE

WG R, WS Fl WB & —Fp g AT, H
Az 5 R A P R AT G, A2 JE % T b S IR

Table 4 Effect of breast muscle abnormalities on weight,dimension and texture of raw chicken fillets"”

Mg JLZE 5] Breast meat category

ifmeter I e L L L szliz vafue
Normal WS WB WS/WB
H g /g Weight 244. 7% 305. 5° 298. 7¢ 318. 3* 3.4 <0. 001
0B & ¥ (H1) /mm Top height 38.1° 45. 7% 43. 9" 45.7° 0.4 <C0. 001
H S B (H2) /mm Middle height 24.7° 31.2" 30. 5" 33. 8" 0.4 <C0. 001
JiS B = B (H3) /mm Bottom height 8.2° 8. 7" 11.0° 11. 6° 0.2 <C0. 001
K /mm Length 195 196.5 196. 8 196.5 0.9 ns
Pi /mm Width 78.7 81.5 80. 3 79.9 0.6 ns
JE45 71 /kg Compression force 2.02° 2.28" 4. 02¢ 3.33¢% 0.15 <C0. 001
n=48/20 s H1 7E TR £ J5 A0 I 5% s H2 7 Jig LI B i — 2 A I A s HS ERE S 39 1 em 40 I 4
n = 48/group; H1 was measured at the thickest point in the cranial part; H2 was measured at half distance of the breast muscle
length; H3 was measured far from the end of the caudal part by 1 cm towards adorsal direction
£S5 AEEEIARRW ALK PG AR 4
Table 5 Carcass characteristics of commercial broilers affected by white striping and wooden breast muscle™**
WLIA BB 251 Defect level
it /I H i BEASA T 80 Gl AR e
1E 5 W AL Mild WS Moderate WS Severe WS
Age/Carcass weight Trait
Normal — JEARFW  AKBRK  EARBEW  AKERA  EARBEAN AER
Non-WB WB Non-WB WB Non-WB WB
6 i/ <<2.5 kg A& 2 29 0 10 0 0 0
A T/ kg 2.3 2.3% nd 2.4° nd nd nd
ML E /g 165. 5" 193.1° nd 208. 2° nd nd nd
T JL= A/ V% 14. 8" 16. 9° nd 17. 5° nd nd nd
6 A%/ >2.5 kg FEA R 2 34 3 18 2 0 0
Wil 14 2/ kg 2.9 2.8 2.7 2.9 2.9 nd nd
W WLEE /g 211. 2" 228.5"  237.4"  254.3% 295. 5° nd nd
it JL7 4/ % 14. 6¢ 16. 4% 17. 8% 17.7° 20. 4° nd nd
7AW/ >2.5 kg FEA R 0 34 2 38 3 4 2
I 14 2/ kg nd 3.2 3.3 3.3 3.4 3.4 3.1
ML/ g nd 286. 8 327.5 304. 5 312. 2 318. 6 311. 4
T JL7= 4/ Vo nd 17.8 19.7 18.3 18.6 19.0 19.9
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AR AE 28 d NI RN . T ST AR B O Sk S 1 Y
Ik &« [ s A i o352 3 B s AT L LT 4 28 1
FEA: L B I 38 WK R D 18 M 2R Y AL . Papah
SEUTIESE . WB 2 22 R AIE A TR i 36k 48 T BCAE
55 1 JE A A SR R T T A I A 2 b 2 2 B
PSR KR B ULET SR AL PE L 2R 3 A T B S8 AE JE L 2 4
IR IE A S 7 eL-4 a5 AL 7 T AN 1 D5 i %
PHERR o0 A A M FR I L B B e Y S~ T R R A

| S RN B R |

y

| ek |

L

JULET 24 i A9 AN 2

C LB R s A2 0 13, U2 £t ] - YEL I,
P R e I e

AP ANAETATR R R
FELHAU AR, AR A 2

R M L A M IR BE L 2T 4 Ak RN IE 7 IR 3 A T 1
M
4.2 WS F1 WB & E£H4

WS 1 WB & A= HLERAIF 5 2 02 [l S8 41 2B AR
A0 W LEF i 2 AL 5% R AR S i 45 O T e JF . i )L
AR B A S TR A ARG 2 5 ke 2
B 7 NGy 5 FRE RK P S A A WS F1 WB Y U A
Petracci 45 545 T WUABREA Y & AEHLHT (L 3)

\ 3 2o EENOL AT i 34

|

SIS LR ALK T 1

’ AR i_///) A FELTTRYE
. | sz |
| BB | |
sopmicn || e |
(B SR L)
| il | BRI A
GIEEZ i Y
[ wemmmmE I e e e

B 3 WS.WB #1 SM m 8¢ i & A #L &I

Fig. 3 Schematic representation of the possible etiologies and mechanisms leading to the development of white striping (WS),

wooden breast (WB) ,and spaghetti meat (SM) abnormalities

4.2.1 SRAESEANE TR R, g
I 3 11 = e N 9 (A R R VAN
AR R B B ARk R R oo
JUPAI PR A R AT R - B0 (LA T 3 25 A R IR S
M WS fT WB & 41 Malila 250 38 i @
WA R RS T I 1 (HIFLA) 09 5% 56 9 78
WS fit WB BEAR R8T 25 1. 7 £%; Mutryn 217
Xf WB i#47 RNA-Seq., i it X it 1 500 4~ A [6] Y
FE DR 4347 R 0 ¥ 4 55 DR 55 L PR o 4L 400 L P S o 3
TR AL PR £ 28 T 25 5 78 A1 5% s Xing 2608 F s & 1,
AL S T T T A S R R A 0 L T
SR Ca™" (R MPIR A Ca® " -7 (1) 25 6L 2 1A

[13]

B AL . WB R Bt B AR 9 K B R 3 O T fE
Ca®" e B2 3% 0T B L Wi 6 4 O

4.2.2  JWUEFHESE R EE 4 UEF 4 73 g | U5 4
e A G- 21 (0 JL2F 4 ) A 11 B 2T 4 CHR sl 4 -1
LT 45D PIRR , ARG g LT 4k L 56 4 iy 11 B 47 4
. F & ARG VLT 2 505 S P s L i 2T 4 2R
TURF SR AL o 2 2 2 R0 5 AL U 18 UL ) PR
ZLUER A  BRZT L i o i) R FILES AE o 5 28 e Al D R
AL IEES EZ RN L R . BFFE A B
WB R hoL g 3] T UL 4R A AR s WB
P E A S I AL E A B A e [
SR I AT RE R TT 72T 2 40 B 0R T A TR 2F 4t
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A B0 s Zambonelli 2557 & B, 5 HLEF 4t
B RAH IR L R ZE WB A b 3L s &2
2% H 2 (CSRP2), FAMG64A %t [ ; Papah Fl
Abasht' ™' & B, WB H 12 JJLET 4k 51 3 [ 74 40 g 52 7
FakBEI., mIEAT L, WB kA frE T A4
dim) T RULF A 4

4.2.3 LT R 40 i BT A B AT
S MLV T A A TR TR 8 R A AR L FE L
WO E 2 h kPG EEAE . e, Bl
20 R S S S 4 A R A3 Ak R R Y 8L 2
JL 3 S LR 5 45 05 ) L SE A R LT 4E AR 45 5 L AR
T ) FILET 2 A48 2 45 405 1 ILET 4. Harding
SEIIIESY K B, 24 A7 B PR L DR AR g L T A
20 M L G AR TR R Sk LT R A R T 5 e e W
fb. SAPETER, B LA 08 195 F 36k I T &
1 T BETE M LR 45 08 2 ek AR rp e AR 4R UKL WS
1 WB N AT RERIE T B & LA %L, Me-
loche 275 %3, ¥ ¥ WDB 0] 2t 48 Myf-5+ Fl Pax7
= WU T 40 A S5 5 R A 22 53 245 1 . Powell
SFEUORE S R B AN VR B Met/Cys F 52 i 3 g 1L
R UL TR A B T 3 R RN oAk [ B e A
K F1 5 5 e 3 O 4 36 D Can WL Us M DR 45 7 1
(MyoD) sk A F AT G A 7 ) I RIE, Kok
A T B 1 A 0 4 e UL T 20 R A Ak Y
FROT R VIR BN G WS F1 WB iR .

4.2.4 REHE  WSH WB W4 ks 22 1k
FERIN RN & & T B T R AR G
78 L4 H FE X B4 J7 I . Papah I Abasht ™ F|
FH RNA G4 52 Fe AR 400 WB H i & B, I8 & H
R I CLPL) 70 0 5 40 1487 A B2 200 I A /) 11 428 i Jok
th A 235 RNA-seq 43 HT s, 45 3 Ji ) 5 15 it
FHOC I FE PR R IR AL 58 7 Jal i 5 i Jo A O 1 R 1A
FK T, Zhao VS KL, WB il i I R FLR
i <l (LDHB) Al — TR 2 e iz 3 (MCT4) /K F-
SRER LR & & . De Almeida Mallmann 2% %
B, 5 IE W AH . WB XS5 #8 N IR I DO 3 LB
W ALRENG . A AL 5 0 58 45 2R Bk . WS AR 2 L
SEUR T IR XS Y B TR A AL TCA R 28 O 2 W AR
AR R AR, 3 A i Ik Bk LB B R RN s WB
T2 A 05 P k55 0 W g 3 A T 2 T R 3 A2 0
a3 B TR A R 2 Bk R A A KO
B 2= s DU Y & A 5 8 AR A
AR5 s DA OC . 88 AR A T e S B

(18 A A A/ SR AT M U 1948 5 P2 OG5 T
LI B 7K A A 9 AR K B A p H T

4.2.5 STFHLE B 53 F A 5 BRI 43 F
IKF-fEAT WS Fit WB (1 & AENLEE, U T 8 2 ki,
Fare 251 A WB 5 1E % W IL3E B 223k, & B8 113 4
ZEF IR H T1 ARG B 42 SR T E UM
K W A 4 12 B QA L A B 0 35 I3 32 AR AH B
YER. Vignale 8" s34 & B, WS () MuRF1
FAXS R IKAKF 1 35 T8 atrogin-1 Rk K F- B A T+
5. Zambonelli Z5U7Y 8 T WS il WB H 54L&
KRB R R E A 2GS L RE S (5 S
i BEAH OC A 204 22 5 3R IR L (DEGs) (102 >3
ik 1,102 A~ 3K T D). Marchesi %% 3 i 5%
SR E AR WS AR 36 W m Rk &% 1)
AH G 0 A2 ) 2 R R e 8 2R 0 VT I AR L R
20 PRLBE TR RE SO LM 4 A . S SR A T AR X
SEZE IR VR A S A e B W] WS f1 WB &A1Y
g3 F AL

5 IN &

ZE LTk . WS 1 WB 25 A XS F2 5k & i 1T B
REYLTEIR & H AT A g e fyfE iz —. WA
RO SR T 5 0W M AL S BE R E. L
AR DL DR IR AE D R A AR AR G R
A )2 R R Bl B2 DA B L 53 KT B A AR LT
YA AUFL 555 22 AR TE T WL 1 g AL {H B 1Y
KAV . J5 22050 0 2 7E A iRl Y 5
fitlt b s — 7 T A S R 0 5 9 A5 R B O 1 il L ik
PRI IR 8 B 585 O3 — 7 IR AR 58 M LA AR
S AL SR DG 1 43 35t 1 A2 A LR Sk 4
th WS 1 WB iy & A= J5 R, DU R st 4% 3 & i
BREAR L R A%,
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