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Comparison of Gene Expressions of Fast and Slow Skeletal
Muscle-Related Regulatory Genesin Yaks at Different Altitudes
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Abstract: [Objectives] This study aims to clarify the expression characteristics of genes regulating fast and
slow skeletal muscles of Yak Bos mutus at different altitudes and their adaptive mechanisms to hypoxia.
[Methods] The Yaks were selected from Hualong County (1 900 m above sea level, hereinafter referred to as
the low altitude group), Haiyan County (3 200 m above sea level, hereinafter referred to as the middle-altitude
group) and Banma County (4 200 m above sea level, hereinafter referred to as the high-altitude group),
Qinghai, China, with the low-altitude Yak and Cattle B. taurus were taken as the control. Real-time

quantitative PCR and Western blotting technology were used to detect changes in mRNA expression and
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protein content of genes regulating fast and slow skeletal muscle in Yak at different altitudes, respectively.

[Results] The results showed that with the increase of altitude, the expression of MyoG that regulates the

expression of fast muscle, gradually increased, the mRNA of MyoD which regulates the expression of slow

muscle first decreased and then increased, while the protein expression of slow muscle first increased and

then decreased (Fig. 2, 3). In addition, the expression of PGC-1 mRNA and PGC-1 protein gradually
increased with altitude (P < 0.05) (Fig. 4, 5). [Conclusion] The above results showed that the mRNA

expression of MyoG, MyoD and PGC-1 may be associated with the hypoxic environment. The muscle fibre

types and the expression of regulatory genes of skeletal muscles changed to adapt to the low oxygen

environment. The present study provides basic data for the in-depth study of the mechanism of hypoxia

adaptation in Yaks at different altitudes in Qinghai Province.
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PRAE, Bl I ) A S K 2 R B 20 2 3 4
LN 2 A AR A, T R AR S
WIAE AR S PR 85 b AU A A7 ) 2 T D 3 8 1 A
o XPIMAR S AR AL AUEE N
ANTTIEAR I, & SRR A P AE ), X Fl
L e ZARIAEFE KK, BRI Fe R PRI AE IR
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A BOILFE S, ¥ Bbox, AN
-CANNTG- (N R —Ffisdt ), 2 MLERE

M E#E % (myosin heavy chain, MYHC) K%
W FIZRIE (Zierath et al. 2004). #ERkIHE,
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MyoG 1 PGC-1 mRNA [{JRIE/KF, %+ TB
Green Premix Ex Taqll [EAEY TR (Ki&E) H

1 44 MyoD, MyoG Fil PGC-1 ZFH 51 #1551
Tablel Primer sequencesof MyoD, MyoG and PGC-1 genes of Yak

FEH SlRA A (53" PR/ (bp) B (T
Gene Primer type Sequence Product size Annealing temperature
1E[A 514 Forward GCTTCTTCGAGGACCTGGATC
MyoD o 293 60
S [ 514) Reverse GCTAGACGTGCAGCGTTTGA
1E[ 5|4 Forward AGAACTACCTGCCTGTCCAC
MyoG 184 52
J% [ 514 Reverse TCCACAGACACCGACTTCC
PGC-1 1E A 514 Forward CCGACCCGTGCTACCTGAGAG 130 5
J% [ 5|4 Reverse GCTTGACTGGGATGACCGAAGTG
1E M 5|9 Forward CCCTCGTGCTATCTTGGT
TUBB 155 52
J% [ 5|9 Reverse GCTCGGCTCCCTCTGTAT
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PCR. SIS IERHN TUBB, JfH KNSk
R H PIEER 5 3 AT SERSOE R
PCR ¥ ##2/7: 95 CHIAEYE 30 s; 95 CAEME
5s; MyoD (60 °C) 1 MyoG. PGC-1 A X TUBB
(52 C) Bk 30s; 72 CHEfH 30s. 3L 404
TEIR, TERAMEIE G AT 9615 SR,
FHE S G AT ISt e i, RSN R
S R ARA IR Ct AR, SR AN AACE ¥ (2744
%} MyoD. MyoG #I PGC-1 5% K mRNA
TE A [R] 5 06 2 % L2 23 (1) 3 S /K Pk
17387
1.5 Western-blot 44

HEmAR R 1 g IAALZ, WFEE, 21355
ORI BIEW . P AR ARG & (LR
IEEEMEARFRAA, 85 KGP250) $2HL
HHIALSEN, N EAROCEE, i
HWRE. BEAFRES 4 x HABHRM 301
MELEIR S, SREH #3100 °C 5 min.
X 40 pg HIE BV TS AT ARV . B 40 pg
M E R AR LA, 408 SDS-PAGE HLjk
(S5%IRYEIL, 8%H 15%4r B ) M. #4li,
TR SE R, A0 R I E U PVDF JiE, 28
Ji 5% BG40 P 3 he 4 CHMEF—t
B5E 15 h, WHIESEEREVEARAGIR A A
(1 B E A —Hi 58 %bt MYOD fifk (52
5 bs-2442R, WKIE 1115000, %P MYOG i
& (18%5 bs-3550R; #KPE 1:1 200) Flfd
PGC-1 Jifk (585 bs-1832R; ¥KFE 1:1800).
WS EA PRI Beta tubulin Fiifk (85
bsm-33034M, W 1:1000); —HiE &
1 x TBST ¥tk 2 X, 7 min/ik; ¥ PVDF fii
S5 oPiHTE, 25 CA&/F —HiE 90 r/min
2 h; M 5 QR R AE R A R A R H )
BAPUNILEY% 1gG H&L (HRP) (5
ab6721, WFE 1:20000), WZ HUANLED
/MR IgG H&L (HRP) (#7%5 ab205719, K&
1:10000); 1 xTBST ¥ 10 ¥, 10 min/ik;
e {# H ECL 177 (Immobilon Western Chemilum

HRP Substrate; Millipore 22 7], 535 WBKLSO500)
HATHEG, &k wiEmENK., £H
AlphaView ARSI % EME, X HMEA%
TR, AR 3 REE.
1.6 St

FIH SPSS 23.0 B AH A 147 B K]
F 72250 HT, LRI E & PCR AR [l EZE
Mg R LLFIE + FRfER (Mean = SE) RIR.

2 4R

21 MyoD. MyoG. PGC-1 5| #4556 3iF

E (V5L R N P 2 35 IR 2y B — ELT M I 5
(B D, 51t RE, BT 4 551407 LA
YE9 qQRT-PCR 1514

B 1 fR#ERIEF MyoD. MyoG Al PGC-1 2 ¥ il
PCR ¥ 4R
Fig.1 Theresultsof general PCR amplification of
MyoD, MyoG and PGC-1 genesin low-altitude Yak
M. DL 2 000 DNA 4> F&EF5#E; 1 ~4 2351418% N MyoG. PGC-1.
MyoD F1 TUBB ] PCR #3474 .

M. DL 2000 DNA marker; 1 - 4 represent PCR amplification
products of MyoG, PGC-1, MyoD and TUBB.

22 AEEREFTIEERESBHILG
MyoD. MyoG mRNA FIE AL R

e BB LT MyoD mRNA )24 1 il 4K
(7t = RIS AR S F i i3S (IR vs.
iR : Fy o =208.286, P <0.05; H1iFKk vs. &
B3 F = 13.064, P> 0.05)( 2), 1 MYOD
HARIERI N T w5 ARG (KRR
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vs. FiE: Fi4=100.776, P<0.01; HifFik
vs. R F4=131.149, P<0.01) (& 3),
Horr, g iR 5 i A AR 2 e A
2% e i 3% o IR AR E A B B UL MyoD
mRNA Hl MYOD % H KA B K Tk
¥4 (MyoD mRNA: F; ,=297.140, P<0.01;
MYOD & : F,=32.052, P<0.05),

YEA4-H Bl MyoG mRNA A /K T-%
BB, BRIV S, HERE B
Fhm (B 2, 3), mEiEkESEEIIT MyoG
FEPIA MYOG 8 FI/KF35 2 2 & TR IR
4= (MyoG mRNA: F; 4 =19.532, P<0.01;
MYOG #HH: F4=159.370, P<0.01). fkifF
RF A E L MyoG mRNA & Z K TR
ek (F4=13.772, P<0.01), = E&EA
KIEERAEE (F4=5911, P>0.05).
23 ARBHREFNRERALFEHRILG
PGC-1 ZERMEHLER

PGC-1 mRNA 1% [135 /& B 10 T
HEREXEZHI G, @igHRES T8I+
PGC-1 & R7KF i TR AT g R e (IR
W vs. iR F6=99.514, P<0.01;
WK vs. iR Fie = 94.605, P < 0.01),
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The relative expression of MyoD mRNA
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[F) B R KT 2 3 v TR R RN v i R 4 A
KR vs. miEdhk: Fi 4 = 586.933, P <
0.01; HifFIk vs. @ik Fi4=166.210, P<
0.01), Hifgik SIRIFIRFEF ML 27 A B E
KR vs. Filgik: Fi 4 = 105930, P <
0.01; K 4, 5. KSR FHFEHIF PGC-1
mRNA 5 REFHLLERARE (F 6 =
3.490, P>0.05), {HHEHFRIAEDEMTIK
HEHRUEE (F4=52.989, P<0.05),
3 Wik

AR T 0 R LR T T R g R
W E. P REIREEA 20.9%, HUEN
AR R BT, AL A 2
P SEIRE RN 3% A, BB SE IR FEAE
1% ~ 10%/4 4 (Allen et al. 2001, Zhu et al.
2013). B B LR I UL B B 44k R LA 4
(FIRE ST, TEREAN A i 72 A R VLA i 7 4 4
FrE RS Re A 2 E ) EE )RS, MRFs
2 5 50 VAR R 4k, S 42k
EEEEMH, JLHZ MYOD Ml MYOG fIRIA
FAREE R R (FRHEL 2005).

S BT 73R B (Richardson et al. 1998), X
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The relative expression of MyoG mRNA
W

MRS RS IR RIES iRt
L-Yak M-Yak  H-Yak  L-Cattle

B2 ARRESAEEREFEFBILS MyoD (a) il MyoG (b) mRNA fEX} E B4R
Fig. 2 Relative quantitative results of MyoD (a) and MyoG (b) mRNA in skeletal muscle of Bos mutus at different
altitudes and low-altitude B. taurus

K ARRKRZRERZE (P<0.05), MATRARZREALE (P>0.05); RELARRHERE.
L-Yak. Yaks of the low-altitude group; M-Yak. Yaks of the medium-altitude group; H-Yak. Yaks of the high-altitude group; L-Cattle. Cattle of the

low-altitude group. Different letters above figure represent significant differences (P < 0.05), and the same letters represent insignificant

differences (P > 0.05). Error bar shows standard error.
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L-Yak
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MYOD =

TUBE i, o a— "

RERES TIRES RIgRES RiERES
L-Yak M-Yak H-Yak L-Cattle

5

H15¢
S b 2
S“ Ey
S
3 b
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=< ©O
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Féﬂi Eo.s .
=
T ol . . .
é BRSSPI RES SiERES B RES
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£30r 2
895t
s S
%ﬁ % 20F tx)
I 3 c .
Eéﬂ{ 1ot c
S8
EE05—
5 O BRI R PRI R
= L-Yak M-Yak H-Yak  L-Cattle

B3 AREREFTMEEREF RIS MYOD M MYOG EAMXNREE
Fig. 3 Therelativeexpression of MYOD and MY OG proteinsin skeletal muscle of Bos mutus

at different altitudes and low-altitude B. taurus

a. MYOD & 1 it ; b. MYOD & A HI % 34 & ; ¢. MYOG # BT ; d. MYOG & FARX R IE & B PR R R 22 71 B 3 (P < 0.05),

R FEREZREREE (P>0.05); RELREIFERE.

a. Western blot of MYOD; b. Relative expression of MYOD; c. Western blot of MYOG; d. Relative expression of MYOG. L-Yak. Yaks of the
low-altitude group; M-Yak. Yaks of the medium-altitude group; H-Yak. Yaks of the high-altitude group; L-Cattle. Cattle of the low-altitude group.

Different letters above figure represent significant differences (P < 0.05), and the same letters represent insignificant differences (P > 0.05). Error bar

shows standard error.

JULEH 5 B TR S 4] 2 A% IV R ORI 43
hrEYmREL, MKEETES MYOD |
R A BELLE S A LA AR SRR R, p21
(CDK ##5 1) A1 Rb (Rb MR & )
S5, PBHAE T 7K AT 40 M BAIR AN ZOR 04,

TN MyoD B A AU i — AN AH DG i (HR
TARAFEEXT MYOD [JR4M, ABFFu4s Rk
B, e Rl MYOD H AR XS
Fak BAL TR 1T RE S RN AR FE B8
fIlhNE 7 MYOD B FEfig, X 575H820 (2005)
XK ER (Rattus norvegicus) HEAH#EHR 4 000 m
PR EARZE R —5, (K4 F 5 MyoD mRNA &

Z FF, 3 Hi\ v MYOD iid iff#% MYHC i
B MYH1 1JRIA G R 48R B 1) oz .

MYOG 75 JJLZF 2 28 B 5L BR] 1 20 A A A AR
T TH R EEEMER, MyoG mRNA FlE 7K
SEYBEE IR T E R R, R EEAN
WA R B B JE I, KSR MyoG 2 R
EAEKPFEZEFA S (Greenbaum et al. 1997, 7
12l 2005), A WAKAEXT MyoD #iI MyoG
mRNA DL A MRIE B, R
T A MYOD F{E it MYOG fI3i&, FL[H
Z 5PURA S B ERIES . Harki,

MyoD F1 MyoG 4% 5 LZTF- 4 95 7 AH 5% 1) 2 K]
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PGC-1 mRNAMIXT AR
The relative expression of PGC 1 mRNA
'S

L-Yak M-Yak H-Yak L-Cattle
E 4 AESREFTOERAEFBHIF PGC-1
MRNA X} e &4 R

Fig. 4 Relative quantitativeresults of PGC-1 mRNA
in skeletal muscle of Bos mutus and low-altitude B.

taurus at different altitudes

Bl REARR R ZE R R E (P<0.05), MFEZRMUEZE R
TEE (P>0.05); RELNAKIFERZE.

L-Yak. Yaks of the low-altitude group; M-Yak. Yaks of the
medium-altitude group; H-Yak. Yaks of the high-altitude group;
L-Cattle. Cattle of the low-altitude group. Different letters above
figure represent significant differences (P < 0.05), and the same
letters represent insignificant differences (P > 0.05). Error bar shows

standard error.

MYHC [13iE, w8 LR a8 M o,
Hughes % (1997) $#2&H MyoD 1 MyoG 7£ L

a
! % -
PGC-1 PE Y TerS NS 3> 3 5 88 ku
o LN o »

TUBB

T — N

fREERES HgRES RigRES RiERES
L-Yak M-Yak H-Yak  L-Cattle

A LA i FerE ik, EEIH MyoG %t
RIZKF B i TAE PRI MyoD 2 BRlK P i
MYOD 5 MYOG HAHX} FRIA AR R FKIL
R E R R (BRI 2007, EFRZE 2010).
ABEAT T TR BTG BRI
AR R & B AL, RIS LA 4E
a5 b LA M MYH7 mRNA T Y
WLEF4E) BT mB#i T m, SAEE R
MyoG mRNA FlfE FRik@EH—5, 4& Lk
g5 R MyoD 5 RIEF4ErR ) MYH1 mRNA
(Il x BPLEFSE). MYH4 mRNA CI1b BLEF
) BRI E IR N B R, T
MYOD HMEEILF MYOG ) E ik S5 1 b
MR E VLA = UL A A
AHFFAF, MyoD HIFRIAEA R &
S IR AE FUKEAFERD &S, TREE
AN FEHER A AR AN F F 8L mRNA & H
(2 A—F, Di Carlo 25 (2004) B
Xf MyoD [ FiEMLHIE, HRI MYOD HH
() 535 R 5 H mRNA KPR EE A A7,
B MyoD ER5EZ R-EARK RS
EBRMEMRE R, WNEREBINS S THE
/-2 MYOD #iil, KT ARG R RS

W

%: Sr b .
- €30 I
AR 25t
K
Re 20t b
Zs ;
215
£ T d
8 205
<8
2 9 ; ) ) ;
é R RES RS SlERES Rkt

L-Yak M-Yak H-Yak L-Cattle

B 5 REERESAEEREFSHIF PGC-1EA () FIMRNA (b) HXREELR
Fig.5 Relative expression of PGC-1 protein (a) and mRNA (b) in skeletal muscle of Bos mutus and low-altitude B.

taurus at different altitudes

EETFRARRERZRERE (P<0.05), MRATFHAREREARE (P> 0.05). RELICRIRHERZ.
L-Yak. Yaks of the low-altitude group; M-Yak. Yaks of the medium-altitude group; H-Yak. Yaks of the high-altitude group; L-Cattle. Cattle of the

low-altitude group. Different letters above figure represent significant differences (P < 0.05), and the same letters represent insignificant

differences (P > 0.05). Error bar shows standard error.
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ALY, R B RIS SR Th R 4 R
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R ERTR, IR AR MyoG mRNA
FEE AR IA E A R g s,
P IA ) MyoD mRNA FB L T+ 2 3N %6
FARF T &, 11 MYOD A RIARI AT
T BRGHa%s, PGC-1 mRNA I A )% ik
R IIRER T m R E T . FIRE, DL R4E
A BRIV AL 18 LA R 42 JE R E AN R AR 1Y)
FEIRRE p A AR LA PR A B UUILAT 4R R Y Ak
MEZHE.

Z % X W

Allen D L, Sartorius C A, Sycuro L K, et al. 2001. Different
pathways regulate expression of the skeletal myosin heavy
chain genes. Journal of Biological Chemistry, 276(47):
43524-43533.

Berkes C A, Tapscott S J. 2005. MyoD and the transcriptional control
of myogenesis. Seminars in Cell & Developmental Biology,
16(4/5): 585-595.

Di Carlo A, De Mori R, Martelli F, et al. 2004. Hypoxia inhibits

myogenic differentiation through accelerated MyoD degradation.

Journal of Biological Chemistry, 279(16): 16332—-16338.

Greenbaum A R, Etherington P J, Manek S, et al. 1997.
Measurements of oxygenation and perfusion in skeletal muscle
using multiple microelectrodes. Journal of Muscle Research and
Cell Motility, 18(2): 149-159.

Hughes S M, Koishi K, Rudnicki M, et al. 1997. MyoD protein is
differentially accumulated in fast and slow skeletal muscle fibres
and required for normal fibre type balance in rodents.
Mechanisms of Development, 61(1/2): 151-163.

Relaix F, Rocancourt D, Mansouri A, et al. 2005. A Pax3/Pax7-
dependent population of skeletal muscle progenitor cells. Nature,
435(7044): 948-953.

Richardson R S, Noyszewski E A, Leigh J S, et al. 1998. Lactate
efflux from exercising human skeletal muscle: role of
intracellular PO2. Journal of Applied Physiology, 85(2): 627—
634.

Wu Z D, Puigserver P, Andersson U, et al. 1999. Mechanisms
controlling mitochondrial biogenesis and respiration through the
thermogenic coactivator PGC-1. Cell, 98(1): 115-124.

Zhu L N, Ren Y, Chen J Q, et al. 2013. Effects of myogenin on
muscle fiber types and key metabolic enzymes in gene transfer
mice and C2C12 myoblasts. Gene, 532(2): 246-252.

Zierath J R, Hawley J A. 2004. Skeletal muscle fiber type: influence
on contractile and metabolic properties. PLoS Biology, 2(10):
e348.

PRES]. 2017, AR 5K AENIAER L & R R R IE.

RPN R LA
¥, BRI, HRAETR, 5. 2015, MRFs 3 58 P 5 ST 0 ()
Wit e, BT B HCRE, (9): 65-67.
TPRME, mAREL, SEEUR, % 2001, ARSI RILAR TR LG BERY
TERPEMAE, A ER AR A, 17(7): 606-609

TN, SREIR, Ex, 55 2018 KGR AR M A B i
RAMBIGE. TR #R, 27(10): 1405-1415.

KRR, 2014 PR NLAI KR T AR S IR IR Y RE A0 36 58 e IGF2 A1
ZBED6 £ K FIRIEHI. B PILRMBEOR Y+
AL,

ZH, RISES, WREBEHME, % 2007. HIF-1 38 8% 75K O su L4 i 3
SHOM ARSI PV . AR TR 2B, 38(3): 224-228.
HSE. 2017, 78I ST R ST IRAS Rk i v 2 R 2 S R e FL 2
EER e o ORI W N R VXY N L R DA

D

E



* 954 «

W22 & Chinese Journal of Zoology 59 3%

R BRI LR

EEDR, BALAZ, THIT. 2007, W8HETE I G IS K R %
JULBR UL 5 T MyoD Fl myogenin 3£ 5154, Jb 54
B REA, 30(9): 1209-1211.

WEEDR, Fh A, BASEZ, . 20100 SUEACA K ITRIZE SN KR
B HEULSUULIE S B T MyoD Fll myogenin £ K X 520, b
SR R 2EAR, 33(1): 45-47.

FFHILL. 2005. MyoD~ myogenin fERA. JZE0 5] L NIBRE 1 EiE
AR, dbst USRS R LA .
FWTTE, ARE, RFAS, S5 2017, HiAR AR BRI B A S
F MRFs, Pax3 il Pax7 3 [H A MU, WL R 54R,

34(6): 1065-1070.

RHAE. 2016, MREZBIN IR BB FIL AMPK-PGC-1a J2J
T T FREACMIIRm, B IR 7 S B 2
e

HIAE, B, 2018, IR IR0 E T R FFIUIR. AR
=43, 39(2): 108-112.

ik = #. 2015. FHL3 5 MyoD 1 pCREB #K (41 H.1E Fi 2 5 4%
MyHC % W AUEE I F IR IR 43 ALk L Aol R 341
ER-LTATS'E

A, SO, AN, & 2011, BRI BRILE K R B,
A Akl 23(1): 37-44.

R, TAEER, RIS, 45 2022, AFEERIESE RPN 4
AR MYHC R R RIEM R, o E S EER, 4206):
1263-1269.

Bl #kRRKESE
Fig.1 Grey-sided Thrush Turdusfeae and Grey-crowned Warbler Phylloscopus tephrocephalus

a. MR BT 2022 4E9 A 21 HDs b KR (BT 202245 A 17 HDs . KaAS® (BT 202249 A 30 HD.
a. Grey-sided Thrush (photo on September 21st, 2022); b. Grey-crowned Warbler (photo on May 17th, 2022); c. Grey-crowned Warbler (photo on

September 30th, 2022).
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