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Abstract

In the plateau region, the main environment is hypoxic, and species on the plateau have evolved to
adapt to the local environment. At present, people's research directions for highland species are
mainly on how highland species adapt to low oxygen environment. By comparing the physiological
and genetic differences between the highland species and the relatives of the plain, such as yak,
people gradually found some physiological characteristics and genes related to the adaptation to
the plateau. This article mainly analyzed the advantage of the yaks to adapt to the high altitude
environment from the aspects of yaks’ physiological index and related genes, and will provide a
theoretical basis for the subsequent research on yaks or other highland species and plateau in-
troduction.
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1. 5|8

Ye bR B T B A S, R RS, PR € . AETEAEIRZ) 3000~6000 K
X, N5, AR, SRR, BOR YA A LLEER 5000~6000 K HTHLX,
WA T HE T 4. HF AT IE, MHREEERASL XSRS A A BORR & R, SR
LRI FARIEF AR TR, 80 SHAMMA XRITR, 7oA TG RNARSE A B M A B i, 3R
137 BeME R AL AR OCEE R o A SO IR (¥ A2 AR AR A DG DRI AT I S VE (R 3k, AT A 2 1Y)
WAL F A LS N o0t i Jd A T S B B B IR S AR 2 AR

2. B4 BRRSREN M EIRERR

R BRE RN TIER T, ¥k 5P UL SR Z AR BRI D5 T 7 A4 T BRI 22 5%, JUHHE
i AEE PR 2L 3 25 R R I = SR I R AR DA W

2.1. FhRERYLELALEH

RO, KA A I BT m TR BRI 3000 REGHLIX, KA S AR ONEET
T 73%; 5000 AKX AL gifE T 53%, 4B PRI BREFMAN TESF T, CRE TGN
e AR SR R A 2R, XA I L v B N F HACACHA o IR0 IE R A Hh 8 A% R 3R BTt
(1, RIVEE A (A 22 T Bl — I BRR RE B 45 R R IE AR SR B 1]

SR A BEAT PR B EEEAR R, M A 5 M RE 1A F RE A G AR SR o A8 /A M P 1 7 i — J= i
s, FEE AR ARG N, R SER 7 BV 2 SE B AR AN, /NI 8] B B R T S L /DN TR
DAL fio e K8 3 [ 2L p Ao 1) J5d o Ao P SIZ 5 iy 2 SRR A IR PR AL R . FERRAR S R L, AR 2RI IE B A — %2 1Y
FERRPE2]

Fh g 4S5 T A 7 — I S 24 A SRR S 8 A8 R TR A T R, B — U 24 M JUE S 57 L A 5 K A
it e T AR AN B P e, AT e HN i AR SR A B — MG R it B PR SRR P
JE RS A2 JR K LAy, R HBAT R USSR I T A A M i AT = B ) 8 A 13
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JERER AN, b TR RO B 32 AR 7, SN R T A v SR ARSI T AR S 3]

Du 555 FH LA JE3 ek 54 PR R 348 Fh 5 T 3 A B /4 B 0 8 v L 5 5 R AT 1 LR, R K 2 O
SEEEM T A AT T T A R B A I, TR I o D) R A R v N P TS i R - LA B
AREAHI/NBIK S RSB KAT B A LA BT DS R L TP LRI PR AN ERCIR B2, i WA 6 4 1
B R L) VA AT B AR, SR AR A BRI (IR AU A B (1 B Ak 4] o

2.2. MAAFFE

R e SRR AU PR I B B 1 AE It 75 T 5 U SR AN R A, TR IR bt 5 AR ST B AR 0 BOR 1)
ZR, M. MR AR NESM RS A, BRI ZER.

S el 55 18 0T B 3000 KRR A 5000 KR AR A 1 LR AR BRAR AR A I, 5000 SKAE - 2144 %,
ML A& A BN B 5000 KA B A BARRI A AL B . MRPH 7y, A R8Ot T 240 i SR AR
FE . AR A DL R R P T e R R, X AR R AR AR s S R T TSRS T AR R
P, TEREE MR IR EE[S].

3. SERESEENEEX S TFIEBHE
3.1. EPO £HE

PR 40 P A 2K (EPO) R — R aR (2%, 7E I 20 40 f 0 2B 7 i R b k4% 8 B AR 5 1 H - EPO g
HELT AR O IR, e KRS R AR R E . AR AER A4 N, EPO REfEHELT 40 i A ZE Ak
FARNLE A HLA LK N BPO IR T, J8 I MR RS BIAEBESAL, 540 R A4 i S 40 i f
(1] EPO Ak e &, (R 4U MR /3 4k, TERCIhRE AT ZL 40 [6]. 4] EPO i 165 1M&
BLWR, DUZKEFERI A, R BEEE R B RY EPO S5 MIANYE S0 B FH ZE AR 1 SO 3R I (7] HE4R 1 EPO E[H]
BFE 5 MM TF LA A ANWE T, ANFHLIX A ZIE R K/ANAITE 3260 bp 47, JafGIX K 1527 bp, Zwhl
508 NEFEMR, UbFEYE R, (HA ZER(8].

AR EPO P AR RNt 2 B R, R BLAA AR 2 SR #nT LA B R BRI ) EPO HITE [ 7]
PELIE X EPO 2 B (17 5 RT DAAS S48 A o JEAR UG BRI R R, Dl s 2 O T 3 it

3.2. MMP3 EH

FE 51 4 J& 85 A B (matrix metalloproteinases, MMPs) & —21 Zn, + KR AR E, S HKE
(gelatinases), ¢ 5[ (collagenases), ¥4 fift 1] B 7C & (stromelysins) A5 4 3L i 43 J& & A i (membrane type
matrix metalloproteinase, MT-MMP) 4 F12:7[9],

JEA A o b AR A . H R REAE . KOESE . RAUES MMP3 R (140 ¥ X 34T PCR 973,
33 MMP3 AR R4 AR SE0E B () B 27 T4 bn, BRI 7 iR N MMP3 [, ik — 2Bl 7
R e S A0 S 1R 231 AR 1]

3.3. HIF

RS T K7 (HTF) & AR ZR AR SR 15 2 20 40 M 2B i 2 H L) sk 2 o il R LI, HITF S BPO IR 51
T CEE N T, R A S A S SRR O R T, EREEE SR 2 MR
R AR [10]. Li S50s AR, Jlad s b s I B SR IE B % 4F T HIF-1o 88 A& &1 VEGF,
13t VEGF [ s SLAE$25 1) A0 v J5 3470 (0 S A RTRE P2 A JUL A o #8531 TAIRSRUR 77 kdh, 2RV R
F W] HIF-1 M1 VEGF 1 5 S 2 (B % VI 9% & [ 1]
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3.4. VEGF-A £H

1A A B2 A B T -a JE TR (VEGF-A) 2 LA i 0 S SRR 40 FR] 7, S A e A 1 7 v s 4 A P
BeARlfi 3R . VEGF-A Rk sk A G A, &5 MU A B 5% A S B I AE AR iR R T Wu S i 0 6
3 ANEFAEE A AP 700 ASAME, I SRR SON R ) B BE 2 S PEAT DNA IFECR, 28 2 4
VEGF fUSE3E0  ZERR ARG, 3 MBS AT I 2 458, U] VEGF-A 5 78w A IO AEs
HER S TR PLERERIE R [12]

4. RE

WEFERE, T, RS R TR, RASO L i o X O R E R Rl e
REIERE ) 203 R T AW T, AT DR N SRAR SR 51 RS A0 BEAT T A0 AL B e 2a T A ERT: v
JE SR, S R A 2 BRSO T ATRE s vlir AT ERE R, Bk S e RSN R A LR B AR R
J 4 RE AR ESR 1 T AR SR

=
2K R AR A P2 R AR 22 (CARS-37) % Bl

SE

[1] JAKIM. 484 MMP3.ADAMI17.ARG2 %K SNPs &5 H & SR S0E B AR S 40 M [D]: (W42 hrie 0], 220 H
AL R, 2014,

(2] FRAKAE, 1R, 2 AR A Atk vy B B (R 25 AT FE ). B AR, 2006, 39(10): 2107-2113.

(31 Atmete, X, EHETT, XITE — HEHE A Ml St # i S TR 2w 7T ()], HOR AL R 22224k, 2014(3):
6-11.

[4] Du, X.X., Yu, HX., Yan, J.L., Liu, Y., Guo, J.Q., Du, X.H., Zhao, J.H., Wang, Y., Liu, D.Y., Li, R.G., Zhao, H.T. and
Liu, B. (2009) The Subpleural Pulmonary Microvasculature in Newborn Yak (Bos grunniens). Veterinary Research
Communications, 33, 355-365. https://doi.org/10.1007/s11259-008-9183-2

(51 Jrmehd, D&, WErEe, fLE, PRA. FRE . AR N R AE BURAET FU )], LB SRR 2017(1):
9-14.

[6] BRf, FREMM. R AL LLA A B B RIE RILAI ], PR 559 B &, 2000(6): 467-470.

[7] RMEE. SRSV R & IR 4L 40M A R (EPO)IE (Rl % 2 B 7T [D]: [Wl 22608 30]. 220 Hl
ALK, 2012.

[8] kB, SeERK, Bh&. PB4 BARSECE N AU D). YRR, 2016, 44(3): 13-17.

(91 SadE, RFE. iR E ARSIk R R BT FTHE R[], O BER B AR GE, 2011, 20(2):
178-182.

[10] V27, 3R IE, 2Rz, HEE. REARTHE T HHEEZAR]. 8 B KRR, 2004, 25(9): 1023-1026.

[11] Xie, H.-C., He, J.-P., Zhu, J.-F. and Li, J.-G. (2014) Expression of HIF-1a and VEGF in Skeletal Muscle of Plateau
Animals in Response to Hypoxic Stress. Physiological Research, 63, 801-805.

[12] Wu, X.Y., Liang, C.N., Ding, X.Z., Guo, X., Bao, P.J., Chu, M., Liu, W.B. and Yan, P. (2013) Association of Novel
Single-Nucleotide Polymorphisms of the Vascular Endothelial Growth Factor-A Gene with High-Altitude Adaptation
in Yak (Bos grunniens). Genetics and Molecular Research, 12, 5506-5515.
https://doi.org/10.4238/2013.November.18.1

[13] AHH, FMRE, #InS, REE. FilmE R R L 2% & SR AR TR [J]. 2RS4, 2016,
25(1): 92-98.

DOI: 10.12677/ije.2018.72011 79 A


https://doi.org/10.12677/ije.2018.72011
https://doi.org/10.1007/s11259-008-9183-2
https://doi.org/10.4238/2013.November.18.1

1
Hans X
PR 2R BT 2
1. FTHF%0M T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD

TRIFIRAEESE: [ISSN], FABAT) ISSN: 2324-7967, EPAT i

2. FTFFHIM UL http://cnki.net/
LEf R BRSCRR AL E” HEN, BN SCEARE, B A

AmiE S http:/www.hanspub.org/Submission.aspx

HATIMEFE : ije@hanspub.org



http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:ije@hanspub.org

	Physiology and Molecular Mechanism of Plateau Adaptability in Yak
	Abstract
	Keywords
	牦牛高原低氧适应性生理及分子机制
	摘  要
	关键词
	1. 引言
	2. 牦牛高原低氧适应性的生理指标
	2.1. 肺脏的组织结构
	2.2. 血液学特性

	3. 高原低氧适应性相关分子调节机制
	3.1. EPO基因
	3.2. MMP3基因
	3.3. HIF 
	3.4. VEGF-A基因

	4. 展望
	基金项目
	参考文献

