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Impact of hypoxic adaptation in pig lung tissue under different
altitudes and pig breeds
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Abstract To explore differentially expressed genes (DEGs) related to hypoxia adaptation in lung tissues of
Tibetan pigs and Yorkshire pigs under different altitudes, lung tissues were collected from Tibetan pigs and
Yorkshire pigs raised at 100 and 2 900 m above sea level. RNA was extracted, purified, and subjected to
transcriptome sequencing analysis. Through transcriptomic comparative analysis of the hypoxia tolerance

molecular mechanisms in pig lung tissues at different altitudes within the same breed and at the same
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altitude between different breeds, a protein-protein interaction (PPI) network was constructed based on the
intersection genes across the groups. Hub genes under different conditions were then screened. The
results showed that: 1) A total of 20 266 genes were identified in the lung tissues of Tibetan pigs and
Yorkshire pigs at different altitudes. 2) Using llog,Fold changel=1 and an adjusted P<<0.05 as screening
criteria, differential expression genes (DEGs) were further filtered. 306 DEGs were identified in the lung
tissue of Tibetan pigs, and 503 DEGs in the lung tissue of Yorkshire pigs. 3) The DEGs in different pig
breeds were mainly enriched in regulatory pathways closely related to hypoxic response, such as the PI3K-
Akt signaling pathway, the AGE-RAGE signaling pathway in diabetic complications, and the metabolism of
glycine, serine, and threonine, as well as metabolic pathways. At the same time, the expression
differences of hypoxia adaptation-related genes between Tibetan pigs and Yorkshire pigs were explored. 4)
By constructing a PPl network, the hub genes in Tibetan pigs and Yorkshire pigs were identified as
SERPINAT1, FGB, ALB, FGA, AMBP, SERPINC1, and FGG. In summary, this study used transcriptomics
to screen for differentially expressed genes in the lung tissues of pigs at different altitudes within the same
breed and across different breeds at the same altitude, and by constructing a gene network, SERPINA1
and CCL27, along with 14 other upregulated genes, were identified as potentially involved in the regulation
of altitude adaptation in Tibetan and Yorkshire pigs. These findings provide valuable insights into candidate
genes and regulatory pathways related to low-oxygen adaptation in Tibetan pigs.

Keywords hypoxia adaptation; Tibetan pig; Yorkshire pig; differentially expressed genes; PPl network
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Table 1 Sequencing statistics

FEAR 44 B JEL A RO A R & Y4 Q30/%
Sample name Raw reads number Clean reads number Clean reads rate
TH1 48 851 466 46 697 094 95.59 92.81
TH2 46 298 982 45 175 680 97.57 92.67
THS3 44 555 282 43 010 300 96. 53 92.69
TL1 48 754 430 45 053 358 92.41 92.75
TL2 45 878 102 44 092 582 96.11 92.65
TL3 48 790 712 47 061 668 96. 46 91.74
YH1 44 735 398 42 922 674 95.95 93.17
YH2 47 307 448 45 741 214 96. 69 93.05
YH3 46 295 742 45423 994 98.12 93.07
YL1 48 760 060 47 869 324 98.17 92.12
YL2 48 347 588 47 256 496 97.74 92.89
YL3 46 960 758 45 678 460 97.27 92.71
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(a) Heatmap of differentially expressed genes in the lung tissue of Tibetan pigs at different altitudes; (b) Heatmap of differentially expressed
genes in the lung tissue of Yorkshire pigs at different altitudes; (c¢) Bar chart of upregulated and downregulated genes among differentially expressed
genes in the lung tissue of Tibetan pigs at different altitudes; (d) Bar chart of upregulated and downregulated genes among differentially expressed
genes in the lung tissue of Yorkshire pigs at different altitudes.
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Fig. 1 Differential gene expression analysis of lung tissue between Tibetan pigs and Yorkshire pigs at different altitudes
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Table 2 Information on the top 10 differentially expressed genes in the lung tissue of Tibetan pigs at different altitudes

H A D F A P{H /A

Gene ID Gene log:Fold change P value Up/Down
ENSSSCG00000036841 RF01881 11. 626 844 790 3.38X10° "
ENSSSCG00000033718 RF02266 10. 419 292 630 5.06X10 ™
ENSSSCG00000008998 ENSSSCG00000008998 8.073 410 246 9.58x 1077 Up
ENSSSCG00000024314 FGG 6.751 676 150 2.65X10°*
ENSSSCG00000035347 ENSSSCG00000035347 6.220 598 958 6.54x10°
ENSSSCG00000040795 ENSSSCG00000040795 —7.403 744 692 4.42X10°°
ENSSSCG00000024911 ENSSSCG00000024911 —4.321 141 664 2.9x107°
ENSSSCG00000017320 RPRML —4.230 061 990 2.23X107° Down
ENSSSCG00000037547 SLCI7A3 —3.631 355 884 8.13x10°*

ENSSSCG00000012003 ENSSSCG00000012003 — 3. 588 985 085 5.42x10*
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Table 3 Information on the top 10 differentially expressed genes in the lung tissue of Yorkshire pigs at different altitudes
H A ID Hk P18 /T
Gene 1D Gene log:Fold change P value Up/Down
ENSSSCG00000002483 ENSSSCG00000002483 10. 011 542 360 2.29%x10°°
ENSSSCG00000010780 CYP2E1 9.941 204 314 5.68X1077
ENSSSCG00000040910 APOH 9.727 632 723 3.97X1077 Up
ENSSSCG00000002476 SERPINA1 9.596 387 214 2.02X107°
ENSSSCG00000020750 ENSSSCG00000020750 9.572 976 828 4.11x10 ™
ENSSSCG00000034871 ENSSSCG00000034871 —7.403 744 692 2.48X107°
ENSSSCG00000039870 ENSSSCG00000039870 —4.321 141 664 1.39X107°
ENSSSCG00000032263 ENSSSCG00000032263 —4.230 061 990 9.95X107° Down
ENSSSCG00000005385 NR4A3 —3.631 355 884 3.43X107%
ENSSSCG00000036859 ENSSSCG00000036859 —3. 588 985 085 7.37X107"

DEGs#lt
Number of DEGs

Ca) o P 4R TS RS A 249 5 B % U 2 20 vl 22 3 0 AL 0A 1 5 (oD I T 45T 0 11 249 5 B89 ) I PR 260 280 v 2 S 32 5 3 PR AV I 5 (o e ¥4
I R R 24 T A (Y O 2 2 2 S Rk R R b R R B R AR s (DA B R R 24 T R Y U 2 2 2 S Rk FE R P b R R

PFEAR A

(a) Heatmap of differentially expressed genes in the lung tissue of Tibetan pigs and Yorkshire pigs at high altitudes; (b) Heatmap of
differentially expressed genes in the lung tissue of Tibetan pigs and Yorkshire pigs at low altitudes; (c) Bar chart of upregulated and downregulated
genes among differentially expressed genes in the lung tissue of Tibetan pigs and Yorkshire pigs at high altitudes; (d) Bar chart of upregulated and
downregulated genes among differentially expressed genes in the lung tissue of Tibetan pigs and Yorkshire pigs at low altitudes.
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Fig. 2 Differential gene expression analysis in the lung tissue of different pig breeds at high and low altitudes
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Table 4 Information on the top 10 differentially expressed genes in lung tissue of different pig breeds at low altitudes

FE A ID . Py /R A
Gene Gene ID log:Fold change P value Up/Down
ENSSSCG00000034866 ENSSSCG00000034866 4.874 096 798 1.54x10 %
ENSSSCG00000039926 ENSSSCG00000039926 2.515 957 494 2.35X107"
ENSSSCG00000029066 ENSSSCG00000029066 1.742 342 232 7.09Xx107% Up
PGC ENSSSCG00000001625 3.376 657 689 4.05X10°%
NREP ENSSSCG00000034993 1.991 226 250 2.05X107%
DEPPI ENSSSCG00000022256 —2.304 447 064 7.09Xx10 *
BCL2L 15 ENSSSCG00000038970 —2.365 362 696 1.72X107*
ENSSSCG00000008954 ENSSSCG00000008954 —3.092 183 666 8.88x107" Down
HISTIHID ENSSSCG00000001137 —1.540 252 615 9.78Xx10°"
NR4A3 ENSSSCG00000005385 —1.968 959 740 1.86Xx 107"

R5 BEBERATAREMNMEARAPI IO ZRRERENER

Table 5 Information on the top 10 differentially expressed genes in lung tissue of different pig breeds at high altitudes

H A KW ID P1i F98 /A
Gene Gene 1D log:Fold change P value Up/Down
ENSSSCG00000000207 ENSSSCG00000000207 3.025 182 865 1.88X10°%
ENSSSCG00000028695 ENSSSCG00000028695 3.796 684 971 9.24x10°#
PERI ENSSSCG00000017983 1. 387 978 092 1.52X10°" Up
WSCD1 ENSSSCG00000017894 1.677 956 690 2.27X107"
ARMCX2 ENSSSCG00000012510 1.682 872 590 2.98Xx10°"»
PAH ENSSSCG00000000856 —1.684 162 535 2.72X107"7
RGSS ENSSSCG00000037821 —2.522 848 942 1.91x10° "
GJB1 ENSSSCG00000012394 —2.502 587 117 9.74x10°" Down
ENSSSCG00000038429 ENSSSCG00000038429 —1. 368 380 096 9.74Xx10°"
ANKRD1 ENSSSCG00000010461 — 2.897 545 316 2.01x10™"
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(a) GO functional enrichment analysis of differentially expressed genes in Tibetan pig lung tissue at different altitudes; (b) KEGG enrichment
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Fig. 3 Functional enrichment analysis of differentially expressed genes in Tibetan pig lung tissue at different altitudes
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Table 6 Gene expression related to hypoxic adaptation in Tibetan pig lung tissue

[EE 3
Fold enrichment

A FPKM Pt LA/
Gene TL TH P value Up/Down
LAMC3 0.24+0.19 1.4540. 54 0. 047 Up
TNC 43.084+5. 39 13.314+4.89 0.002
COLIAZ2 160.98+4. 40 51.46+8.80 0. 000
COL4AS 25.4842.75 10.684+2.09 0.002
COLIA1 161.16+15. 21 46.68+13.22 0.001 Down
COL4A4 21.47+1.88 7.96+£2.27 0.002
COLG6AG6 11.40+2. 44 1.46+0.73 0.014
ITGA1l 118.77+12. 47 50.56+21.08 0.010

HP<<0.05 8RB, P<<0.01 N ERHEE NulhEME. TR, FPKM XN 5 H 7 WGF 5 b4 T 0 5L 5 A 1 7 B, T Il

Note: P<<0. 05 indicates significant difference, P<Z0. 01 indicates highly significant difference, and null indicates an invalid value. The same

as below. FPKM represents fragments per kilobase of transcript per million mapped reads. Same as below.
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(b) GO functional enrichment analysis of differentially expressed genes in Yorkshire pigs at low and high altitudes; (b) KEGG enrichment

analysis of differentially expressed genes in Yorkshire pigs at low and high altitudes.
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Fig. 4 KEGG pathway enrichment analysis of differentially expressed genes in Yorkshire pigs at different breeds
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Table 7 Expression of genes related to hypoxia adaptation in Yorkshire pigs at different altitudes

FEH FPKM PAi /R
Gene YL YH P value Up/Down
DMGDH 0.00+£0. 00 .1340.11 Null
BHMT 0.03+0.03 .1742.93 0.334
PHGDH 1.5940.45 .1341.33 0.068
ALAS2 1.8640.77 .9043. 46 0.175 Up
SARDH 0.03+0.00 .2540.18 0.171
AGXT 1.5540.49 .00+3.64 0.119
PGAM?2 0.33+0.08 .9240. 22 0.033
SHMTI 2.43+0.71 .19+0. 31 0.077 Down
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(a) GO functional enrichment analysis of differentially expressed genes in lung tissue between different pig breeds at low altitudes;

(b) KEGG enrichment analysis of differentially expressed genes in lung tissue between different pig breeds at low altitudes.
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Fig. 5 Functional enrichment analysis of differentially expressed genes between different pig breeds at low altitudes
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Table 8 Gene expression related to hypoxic adaptation in the lungs of different pig breeds at low altitudes.

S FPKM PH FR/ T
Gene TL YL P value Up/Down
CRISPLDZ2 19.98+2. 20 40.9549.52 0.027
DEFBI 6.48+1.52 16.74+4.44 0.017 Up
CCL11 0.35+0.06 1.3040.59 0.0018
CDIE 0.71+£0. 26 0.22+0.07 0.01
SCGBIA1 4738.36+728.86 1377.45+892.32 0.000 2 Down
CRISP3 36.65+10. 64 2.41+2.80 0.000 4
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(a) GO functional enrichment analysis of differentially expressed genes between Tibetan pigs and Yorkshire pigs in high-altitude regions; (b)

KEGG enrichment analysis of differentially expressed genes between Tibetan pigs and Yorkshire pigs at high altitudes.
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Fig. 6 Functional enrichment analysis of differentially expressed genes in lung tissue of different pig breeds at high altitudes
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Table 9 Expression of genes related to hypoxia adaptation in the lungs of different pig breeds at high altitudes

A FPKM PA /R
Gene TH YH P value Up/Down
DEFBI1 5.466 9+0.6713 14.309 7£3.67 0.003
CCL11 0.806 34+0.2535 2.12284+0.9575 0.03 Up
CDIE 0.447 240.188 7 1.61514+1.39 0.12
CRISPLD?Z2 25.819245.15 11.080 7£2.48 0. 004
SCGBIA1 8 765.792 6+2 710. 68 2001.039 5+731.69 0. 000 02 Down
CRISP3 38.440 84+34. 34 7.557 9+0.6625 0.08
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(a) Venn analysis of differentially expressed genes between TH vs TL group and YH vs YL group; (b) Venn analysis of differentially

expressed genes between TH vs YH group and TL vs YL group; (c¢) PPI network of differentially expressed genes in different pig breeds; (d) PPI

network of differentially expressed genes at different altitudes.
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Fig. 7 Venn diagram and PPI network of differentially expressed genes between groups

B, IF ELA BT B 0 v gk L R Dk R B
Wy 19 T XS A A5 T AR X oA 1 HL A T K i B L
T 22 04 il A S D ol R IR AR R B
W A1 g 3 — 2 R A S 7 AR S A BE AL T A A
58 K FH RNA-seq 43 M Fb 388 1 78 S [\ ¥ 4k 5% A T 4]
I 19 J8C A R 24 v B0 I Il DR 4 25 S A BH e o A
AN [ J o RUA [ 0 48 55 18 °F 43 30 2 A e ik 4 B A
b3 GO FKEGG T g 43 #T % o b 4h, Fl H Sus
scrofa i) STRING % FE A & T PPI I 45, LA 5
B2 1) SRR I

XF AN [ T 4 T[] — % o Ml U 21 23 v i) 22 5
FIRFE R HEAT Y8 o AN [ U R A I DR 4 2 v 22
SFRIKFEWEET 94 GO B 6 4 KEGG i %
(FDR<C0.05) , i 55 1 & Fp A9 7 of 72 20 L 40 o
Mo FUIRE . X2 GO i H A 46 I I 27 4 4 41
O e A L O g TN 1 0 B R e o

FEJIT REJRC e i = SRR 4 i 3R 1D RN 4 A Ah B T
SR 5y o KEGG 38 A 45 85 11 0T 3 16 A i
ECM-3Z R 40 5 AE R B oK [0 £ 50K B L PISK-
AKU(F 5 38 B RO R 9 & E T i AGE-RAGE {5
I B o AH DG ST FR I Ik 3 B A R A A N R TR
PAR A I B P Al BB R 4 SCHEE ™, 2 5 T 41
A W) 2E DI RE AV & SRl AR . BFAE KW B TR IR
A8 Ak, B A 04 Bl O I IR T ECM - 32 7R AH B4R
FH B RS AN PISK-AKT 38 B 19 300E 2, 1 e 5
5% 1) T A A e AR AR R B 1 AL . PISK-
AKtH [ 2 38 K A AR PR I SRR AR R SCHRTE
B e ok EOE AKT B H B0 BO 02 3 240 B 77 1% JF
P47 40 A 32 ST A 405 1 5 e >

KT AN R 3K T 24 v B8 il 0 41 20 22 S 3k
KRB E T 124 GOl i M 54 KEGG 18 #%
(FDR<20. 05) , #5 K 2 IfiL % &E 1l . £F ¥ . 40 il ok =5



55 1

TN AT A AN [T AR B A [ 8 il 46 01T 4 i U 2L PR ST A B4 5 ) 151

51N O NI 1 o NP 1R YR 1 YANES B g
JE A A W T S B I A R A 4 4% L L BE 1
LTANE 2 -l N R N IR | B T e
KEGG i [ 3 240 45 b 1 R i 2% Bk 5 v H &
MR | 22 S0 R o5 S R AR A B A0 AR g
IR A A R X B AR AR AT RE R X I A
BE B4 T VL 45 T o R A R O I BBk N AE G 3 B 2K
IV 35 45 v e 2 OCBEAE . DR SR R SR A
IR AU BRUAETRY  JHF AL 5 058 i AF G 1 35 [ 363k 1 3
VA, 3 e WG R 2% 1 T 8 3 A TS sh 4 A4 P 1 B
F G0, T B 2 e SR S R PR
N EIERRE Z A SRR KRR, A
WA PUEA RN R R G RE A RS
JN S T2 L R ¢ (1 = 3 (O SO =
RIS 5 PR AR 3Bt A AR Cn A e H
JO B A B, AR 7 A B 3 v e T ax sk
S F2 A AR T IS B AR T I — b R R B
FE AR A0 32 S AR A5 493 1) S

i 1 4% 2H K AR B B, AT LAFE H R il ik 2H 2
1 TNC.COLIA2.COL4A5.COLIA1,.COL4A4,
COLG6AG6 F COL4A2 TEARMF SR 5 T R 8 1 35
. HA COLIATHI COLIA2 5 4 iy U8 i )5 2
FIAYE BT, 32 AFAE T 45 40 4140 R IR L5 5 AR it
A TR J SR 1 A il v A 3 AR R R AR A R
AR LU S8 . BT R, /N RO LA i 7 e
S5 HEAT 0 S AL R 2 L TR I A 1 B 2 3k T
Y, COL4A4 .COL4A5 .COL4A2FI COL6AG Yy
2 59 VIR FR M . VUG R A EE AR 2
5 I 3 1) 5 P R TI B o TR Sy i o6 35 B4R I S g
A BT ORI A S0 R MRS o 4 Bk B ) &
Al 7R T D A 1 R 5 i A R AR Ak 2 T A A
BRI SEE . A R AR AT BT i A5 AR RN I
G E I i 2 K T AR R ECM B S
T A s 225 40 LA 336 7 A1 4R 05 o {106 4% 1) 4 4 3l ik
R g DR A B PR R Tk R DR R A, AT
Bl T i 5 il o A v A B R G 1 o MR, B VIR
I, R 2 i 2 2 e SRR P R TR Ak TR R X
EOARBEGE TS 0 25 AL B JE AR 1 b T
SR T BRI A v VR PR BT PR S SR LT AR T A
{85 L S0 400 R 0% 3 O Bk SRR Y I 2 BB L i
5 A TR HR PR B 3 R Y e R P M S 3R R A R
KBS S 1) 45 4 S RERE 0, DU R MR AR

G H 2R, AR PAGAM2 F
TR A R B U A R W R R LR
9 R PR A6 B T ) 2C PA GAM2) T8 i 75 4 7 48 ik
WA A 2 5 B A W)y TR HEAE L RS T B 4 i
T N e VAR AR SR BN IR B D, A S R
6 i) R T A a2, S AT AR R A, AT i R
290 i 30 3 O R R R I N R B = S SR A A
RE 7o G RN 24 5 4 I AT A1 40 7E A [R) 30 558 T I
ST ARG P R B 24 5 X — R e T A
I 8 42T 45 4 b 1) s A 4 7 97 X6 3 85 P Ty s 4
AR L 2 BIL A

[ sF, AN [ B R — VA 5% 1R T il I 20 20
22 SRR AT . AR 2 T 84 GO
A 5 AN KEGG il % , Forb gk 40 i o0 3L i g 21
20 i 2 1 7 A A e T T A 4 40 T A R
e ey 1 I o N P N s - = R 1 o v I
JitL IR 32 AR B AR LA ] ECM -2 AR K A L TL-17
175 5 380 145 R 200 i DS - 40 6 PR 32 R A AR A S I
SR IO AR DG 1438 o AR T AR A B DR U ARV
B v i B LA 5 v RO B AR ) A i e
FEMB R IR 1A RN 20 it 21 35 J5 7 98 A5 ML ) R 1
T RS ARR I IE N o FE R, %08 T 104 GO
B A KEGG i o Hoh Bk B Geie iy ik
KA B Ak 20 B A0 I I L 22 R AL P9 U0 K T T 1 5
PR RMACRIEE I S 006 S N 9 B AR 115 A0 A P R 4
i DR 2 A ) AR AR P R PR B A O 5 A1 4R
A G 03 B o A T TR M X, SR S R A,
i Ml DX A A7 3 5 3 2t g SO AR R T B At AR
SEZ AN J7 TR WAL A BE M BE R . 7 = T 4R A4
W /N B A BUE5 ) S B AR R T
AR X AR AR 5 G PR R KT A S R T
/IN BRGS0 38T i 3 T B A 35 1 M R A TToe
GO R B, FE R RN A A T A B 4 41
2RI D BEAH G 1) BE DR e 3k R A ARk B VAR T
1R U A A o) R AR il B M T A AL A
H BRI RE , AR X i B I R R e b
A R TE A IR 3 d A TSI E I P 4 B 4N
WESE T i W 44 2 8 T RE S| R W) 1) 9 i 07, {HL Bt 25
T8 N Ao AR O HEAT 4 A G g8 BN 3% T R T
SRR Rl B E S

Mk — BRI RILH Z M E R,
FIH STRING £ 4 A8 g T 22 5 5% 5 25 11 5T AH



152 0 LN ES I Y NS S 4

2025 4F 45 30 %

A FH 45 DT 48 7~ HL 0 7 1 A2 9 2 T BE R B
RHE . AEAS RV 04 B R 2 v B il U 21 2
Hi 22 5 FE DR Veen B3 BT, Pkt 47 A 22 57 0
M. 454 STRING o4l e 2 il PP 2%, e £ 1
7 hub 3, 4345 SERPINA 1. FGB.ALB . FGA .
AMBP . SERPINC1 fl FGG., H h SERPINC1 Al
SERPINA1#BJ& T Serpin K % , — F # & @
R T, E AR N R E B B 48 43 B 3R 5 K P 1T g

w0 AR HLE A ARl . SERPINCI 3 %
A I A DR 0 T B R o RN 2y o
BB AR SR AR e . 5 FGB . FGA MIFGG 3
i) 2 55 (i L 27 4 85 1 0 A s Y, A B i
R PRESCHEAEN . 28 T IRE
R BB AL R BRI AR R AT BE BTSRRI R
B, DT 0 T B XUBS: . SERPINA 1 X 4
1Y Alpha-1 Antitrypsin(AAT )2 — Flt 75 % 14 17 11
RN O S o8 (A e o T 1 I
1 1l (Elastase) 55 85 (B 9 16 P | By 15 13 26 85 1 il i
IR 3 20 2 v ) P 1 2 A R B e A2 o B %
iE AV IR 5 T A B OCBEAE . E AR rp ik A
5 FI) FH 1 TRt AT 1 700 3K 3 T i 2 4 Ak Y
ALDB 7 fiti 3 5 A7 Bt S8 AL AT R B, 2 5508 73 i35
HNE FNEF A4, D = W A 1 AR AR i Y . AMBP
JE—AETMRE L, &8 KR 7 A SUR R Al o-1-
Bk H (AIMD o AIM & — Fl B A 38 J5 1 | il 21
S AR A d LS AP A R R R gl 21
AR . 78 NS B4k, i 5% & B A 1M 1] R85

IETE B OE L DR 2 AT 0 8 RE B R S, DA
77 U 2 AR 5 | RS P AL 4L 407, X (A ATMLAE
R TT AR AL N S B0 AR DGR TP 3R B T 1 I
PRI FH A SR &, A8 6] 4% RO 8 16
PR P 3k AR v, a4 5 DR A T AL A B L R E S
R AU R B T I RIEH . 205 FE R [
Tl e v VR A RIVALC Vi A 2 355 ol e A1 20 v 1 2 S S
K Veen 70, ki S 92 A~ &= H KW, 4545
STRING $04 FE 4241 T PPI R 2% , N ik £ 7 74
hub 3% [N , 41 §§ CCL27, CCL11. NPY . BDNF ,
CCR6.,CCL2 #1 CXCR3., H:f CCL27.CCL11 F
CCL2 # 2 )@ T # 1k I 7 (Chemokines) K % , % %
T R A 38 I 5 R A2 AR A G TR R A IR E RS Y
{55 45, DT 45 Bl LA B3 47 Jln i 7 IR 4090 5%
NPY Fl BDNF ¥ ik 28 R g0 vh R 45 d 2R T,

] I A5 95 6 B, NPY il BDNF 0] GE 18 i 41 . AF
L[] b RGN TIRE R R LR PR R
N K R Rl ¥ . OCTF BDNF J L 5 NPY M H.
P54 B 8 E B, 2o BDNF i 3 3k 0T & 35 38 fin
NPY mRNA & (K F“ . NPY i@ i /£ i F
BDNF [ $2 5 Wi '8 F2 A B, o 4238 75 1 i i 2
(I NE 5 RN s E EE Ve R = (2
FHUSHT g BT IR X 26 hub 3 (K] ] 76 5% X S 1
PR3 7 Ak i v e A DG B T, R ik S L R Y B ST
Bl F 5 R Hb TR A R L At 3 N e VAR A B B
VI A= R .

4 & it

A 58 X AN [6] 15 45T 65 A0 2 v B 1 i e
LGV AT 5 S LT, 4 45 3 9 508 43 R S [R] T 4K
[i) Ak L L K AS [ 5 A 1) Ak L, b 75 29 13 %) 22 5 3 )
ik Ty e w2 R A Bk oK R R AR
BT T AT A M, TR 2 B AN [R) Ak BT S PR R Gk
Y 25 Sk o e 2 AE AN R V4K [R] 9 %6 Y SERPINA L,
FGB.ALB.FGA ,AMBP . SERPINCI1 1 FGG, 3
7/~ hub B AE AN R E B E] G E H CCL27 .
CCLI11.NPY .BDNF .CCR6 .CCL2#1 CXCR3,3£7
A hub FE 3k 2 JE PR AR AR 4TS N o B R R R TR
A (A AW 98 0T Ry 4 J5 R 98 A [R5 b 6 T AN [
VAR ) 35 NV RE S PRI S

S EZ Bk References

[1] BXERI, X4H# . CGRP & ALKBHS5/m6A H 4l B 1412 3t 5k 8/ 5 &l
AABRRIETE[)]. MBEEHR, 2024, 46(2): 123-131
Geng Z G, Liu HM. CGRP inhibits antophagy and promotes the proliferation
of hypoxia/reoxygenation cardiomyocytes through ALKBH5/m6A [J].
Anatomy Research , 2024, 46(2): 123-131 (in Chinese)

[2] Z=RW, BRA, 6B, TEB, RAE, BREXE, I8, BEE, B
Bk, FiRE, FF. RRBRERS/ESONEBRETHNERRN
FHR[I]. REEMKZFIR, 2024, 59(6): 1006-1012
LiY Q, Duan Z G, Bao HL, Wang Q T, An H X, Xiahou L D, Wang
X, Jiang M T, Zhou H'Y, Luo Z H, Li W. The role and mechanism of
palmitoleic acid in the pyroptosis of cardiomyocytes hypoxia/
reoxygenation-induced injury[J]. Acta Universitatis Medicalis, 2024, 59
(6): 1006-1012 (in Chinese)

[3] Bk BREECEHSRMBFESHETHFRAENEARI]. FHLRF
5, 2023, (20): 99-101
Chen H. Adaptability of Tibetan pigs to the unique ecological
environment of the Qinghai-Tibet Plate[J]. Livestock and Environment,

2023, (20): 99-101 (in Chinese)



55 1

TN AT A AN [T AR B A [ 8 il 46 01T 4 i U 2L PR ST A B4 5 )

153

(4]

[5]

[7]

[8]

[9]

[10

[11

[12

]

]

]

Hsia C C W, Carbayo J J, Yan X, Bellotto D J. Enhanced alveolar
growth and remodeling in Guinea pigs raised at high altitude [J].
Respiratory Physiology & Neurobiology, 2005, 147(1):105-115

R, BRI, RCFH, BEER, BEHER, HiAES, THH#L,
BEEZ, FHHE . SRIVEEENHRAUEEZNHAR]. FE
BHEE, 2024, 51(4): 1582-1592

Zhang K, Basang Z Z, Ciren L B, Danzeng L S, Nima C J, Sirlang W
M, Pubu Q Z, Deji Y Z, Solang Q J. Study on the epigenetic mechanism
of hypoxic adaptation in plateau animals[J]. China Animal Husbandry &
Veterinary Medicine, 2024, 51(4): 1582-1592 (in Chinese)

DHEEZ, NI, ExR, 5. SRRREVHAUEHNNARER
[J]. BFE, 2022, 31 (3): 55-59

Ma Y H, Lamencuo, Cui Y B, Zou D L. Progress in the evolutionary
Adaptation of organisms on the Tibet PlateaulJ]. Qinghai Prataculture,
2022, 31(3): 55-59 (in Chinese)

BRR, B, TR, BE, TME, X8, FTaf, BRER. BEE
R AR SRR A M SF RS AE (V] PEEEZFIR, 2021, 41(3):
526-531

Yang T L, Yang Y N, Wang B, Cai Y, Wang X R, WangL Z, LiZ H,
Zhao S G. characteristics of pulmonary vascular casting in Tibetan pigs
adapted to the hypoxic environment at high altitude[J]. Chinese Journal
of Veterinary Science, 2021, 41(3): 526-531 (in Chinese)

BEX, RER, BER, HEE, BR. BEOCNABMEAERENSE
BIAEFAELT ). MR K], 2023, 41(3): 509-514, 545

Yang Q T, Wu S R, Yang C X, Yang Y N, Cai Y. Adaptive
characteristics of Tibetan Pig’s cardiomyocytes to hypoxic environment
[J]. Journal of Sichuan Agricultural University, 2023, 41(3): 509-514,
545 (in Chinese)

BHE, =, ETE, TRE. ETHRERENFNARERESN
HEMOREE TSR] FEIHWER, 2024, 45(2): 305-313
Zhao K'Y, Li Y, Nan X Y, Li Y D. Liver transcriptome sequencing-
based adaptation to Hypoxia in Himalayan marmot at different altitudes
[J]. Chinese of Wildlife, 2024, 45(2): 305-313 (in Chinese)

Shang P, Zhang B, Li P, Ahmed Z, Hu X X, Chamba Y, Zhang H.
Plateau adaptation gene analyses reveal transcriptomic, proteomic, and
dual omics expression in the lung tissues of Tibetan and Yorkshire Pigs
[J]. Animals, 2022, 12(15): 1919

Duan M Q, WangZ M, Guo XY, Wang KJ, Liu S Y, Zhang B, Shang
P. Integrated analysis of transcriptomic and proteomic analyses reveals
different metabolic patterns in the livers of Tibetan and Yorkshire pigs
[J]. Animal Bioscience, 2021, 34(5): 922-930

Wi, RERR, FTXRH, BEH, TXF, WLE, Kt BEAKRE—
AULRABNOSHEERNRESRAERAH[I]. FERLXFZFR,
2013, 18(5): 104-108

Zhang B, Qiang BY, LiQ G, Yang Y Z, Wang Z X, Ban D M, Zhang

H. Expression of endothelial nitric oxide synthase (eNOS) gene

expression and hypoxia adaptation analysis in Tibetan pig[J]. Journal of

China Agricultural University, 2013, 18(5): 104-108 (in Chinese)

Gong X L, Zheng M, ZhangJ, Ye Y R, Duan M Q, Chamba Y, Wang Z
B, Shang P. Transcriptomics-based study of differentially expressed
genes related to fat deposition in Tibetan and Yorkshire pigs [J].

Frontiers in Veterinary Science, 2022, 9: 919904

[14] 8%, PhFIRR, ZH, FEES, TR, REL. BFEMEFNEBRRSE

[15

[16

[17

[19

[21

[22

[23

]

]

]

]

]

]

ERRENES FEREFHRERI]. REESER, 2022, 43 (4): 1-7
De J. Sun K X, Luo Q, Awangeuoji. Wang X L, Wu Y J. Physiological
characteristics and molecular genetics study of Tibetan sheep, goats and
yak adaptation to highland [J]. Journal of Domestic Animal Ecology,
2022, 43 (4): 1-7 (in Chinese)

REm, E2®, T8, Wi, ZE3A, BB . SRSREENEY
REERN BB RHRLI]. FEEL, 2022, 31 (D: 27-30

Sang D C, CuiY B, Wang Y, LaM C, Long ZJ, Zou D L. Progress in
the hypoxia mechanism of endemic plants and plants on the Qinghai-Tibet
Plateaul J|. Qinghai Prataculture, 2022, 31 (1): 27-30 (in Chinese)
A, WA, XRE, B8 SIS R R SRR E R R R
B s%58E, 2021, 53 (12): 128-133

Zhao Y, Zhang W C, Liu C W, Yang M. Progress in research on adaptation
of animals to high altitude hypoxia environment[J]. Animal Husbandry &
Veterinary Medicine, 2021, 53 (12): 128-133 (in Chinese)

Ayalew W, Chu M, Liang C N, Wu X Y, Yan P. Adaptation
mechanisms of yak (Bos grunniens) to high-altitude environmental stress
[J]. Animals, 2021, 11(8): 2344

KR, Nk, B, AR, ARE, E8%, FXF, WkAHTW. &
LWEERBEMARLEMOMNLEARI]. BWERE,
687-692

2019, 54(5):

Zhang C, Liu SR, Cai Y, LiYR, He L Z, CaiJ L, Luo W X, Ayigul.
Comparison of lung microstructure between Tibetan goat and Tibetan sheep
[J]. Chinese Journal of Zoology, 2019, 54 (5): 687-692 (in Chinese)
Yang Y, Gao C, Yang T, Sha Y, Cai Y, Wang X, Yang Q, Liu C,
Wang B, Zhao S. Characteristics of Tibetan pig lung tissue in response to
a hypoxic environment on the Qinghai-Tibet Plateau [J]. Archives
Animal Breeding, 2021, 64(1): 283-292

ke, HEW, BEER, N, 8HE, BHE. EUSREEREERL
MR ERT]. RERE, 2023, 45(11): 55-60

Zhang Q, Tian H L, Ga M, La P, Zhao M D, Guo R P. Research
progress on the adaptation mechanism of Tibetan chicken to the low
oxygen environment of plateaul[J]. Poultry Science, 2023, 45(11) : 55-60
(in Chinese)

BRER B¢, T2, TR, ARK, BXkiF, BT, FOF. B5RH
HEBSREAXEERTAMNABRERARD]. AKREHEE, 2020
(11): 23-26

He Z H, Tian M, Wang X W, Luo X, Tao L Q, Zhao Y Q, Ma N, LiZ
Z. Relationship between metabolic regulatory enzymes and hypoxia-
related gene expression in yak [J]. Modern Journal of Animal
Husbandry and Veterinary Medicine, 2020(11) : 23-26 (in Chinese)
OFig, BER, Hif, TED, TR, BkiF, FoiF. BFRERTE
EiREHRtRT]. BHEERSE, 2019(18): 4-6

Ma X M, He Z H, Tian M, Wang X W, Luo X, Zhao Y Q, Li Z Z.
Research progress on gene regulation in yaks at high altitudes[J]. Animal
Husbandry and Veterinary Science, 2019(18) : 4-6 (in Chinese)

Qi X B, Zhang Q, He Y X, Yang L X, Zhang X M, Shi P, Yang L P,
Liu Z H, Zhang F H, Liu F Y, Liu S M, Wa T Y, Cui C Y,
Ouzhuluobu, Bai C J, Baimakangzhuo, Han J L, Zhao S G, Liang C N,
Su B. The transcriptomic landscape of yaks reveals molecular pathways

for high altitude adaptation[J]. Genome Biology and Evolution, 2019, 11



154 OE R R R 2025 4F 5 30 &
(1): 72-85 instructive regenerative angiogenesis. Journal of Biomedical Materials
[24] $RER/R, B, REW . T RiE FAM3A 833 #& PI3K/Akt = S i 3% & Research Part B, Applied Biomaterials, 2020, 108(6): 2407-2416

[26]

[27]

[28

[29]

[30]

[31

[32]

[33]

BEA/ESFSHOMARBLG]. WEEMKXFRE, 2023, 54(9):
1208-1216

Zhong N, Yang G, An H X. Overexpression of FAM3A alleviates
hypoxia/reoxygenation-induced injury of cardiomyocytes by activating of
the PI3K/Akt signaling pathway [J]. Jowrnal of Shanxi Medical
University, 2023, 54(9): 1208-1216 (in Chinese)

TEL, AN, £F, BG, NER, BER, ETEZ. BRERET
PI3K/AKT/mTOR {5 S 18 & 8 12 ] & 1% 5 Y fi 3 Bk F 75 L 40 A 1 1t A0 488
EEMLERITT]. B EEZRFER, 2023, 44(5): 533-540, 548

Ding Q, Liu C C, Wang Z, Zhou R, Liu H Q, Chen X L, Wang S L.
OPN regulates hypoxia-induced autophagy and proliferation in pulmonary
artery smooth muscle cells through PI3K/AKT/mTOR signaling pathway
[J]. Academic Journal of Chinese PLA Medical School, 2023, 44(5) :
533-540, 548 (in Chinese)

Gan Z H, Powell F L, Zambon A C, Buchholz K S, Fu Z X, Ocorr K,
Bodmer R, Moya E A, Stowe J C, Haddad G G, McCulloch A D.
Transcriptomic analysis identifies a role of PI3K-Akt signalling in the
responses of skeletal muscle to acute hypoxia in wvivo[J]. The Journal of
Physiology, 2017, 595(17): 5797-5813

ER¥, BB . WEZ FIE T IEE miR-451/PI3K/AKT/
RXRA/Bel-2 S BHEEMAFSHMHRBEI]. BMNERKZER
], 2024, 54(3): 173-183

Rz,

Wu P L, Wang L X, Huang X Y. Wogonin protects hypoxia-induced
pulmonary arterial hypertension via regulating miR-451/PI3K/AKT/
RXRA/Bcl-2 signaling pathway [J]. Journal of Wenzhou Medical
University, 2024, 54(3): 173-183 (in Chinese)

E®,KEHN, HERH, ER. REERXRFERDEFRAKEI]
FEZEZRE, 2023, 43 (12): 2989-2992

Wang Z, Zhang P L, Yang F M, Cui S. Expression level of coagulation
factors in rat liver of hypoxic model rats [J]. Chinese Journal of
Gerontology, 2023, 43(12): 2989-2992 (in Chinese)

Zhang S H, Zeng X F, Ren M, Mao X B, Qiao S Y. Novel metabolic and
physiological functions of branched chain amino acids: A review [J].
Journal of Animal Science and Biotechnology, 2017, 8(1): 10

Wassie T, Duan X Y, Xie C Y, Wang R X, Wu X. Dietary
Enteromorpha polysaccharide-Zn supplementation regulates amino acid
and fatty acid metabolism by improving the antioxidant activity in chicken
[J]. Journal of Animal Science and Biotechnology, 2022, 13(1): 18

Hu C P, Dandapat A, Liu Y, Hermonat P L, Mehta J L. Blockade of
hypoxia-reoxygenation-mediated collagen type I expression and MMP
activity by overexpression of TGF-betal delivered by AAV in mouse
cardiomyocytes [J]. American Journal of Physiology Heart and
Circulatory Physiology, 2007, 293(3): H1833-H1838

Wiener P, Robert C, Ahbara A, Salavati M, Abebe A, Kebede A,
Wragg D, Friedrich J, Vasoya D, Hume D A, Djikeng A, Watson M,
Prendergast J G D, Hanotte O, Mwacharo J M, Clark E L. Whole-
genome sequence data suggest environmental adaptation of Ethiopian
sheep populations [J]. Genome Biology and Ewvolution, 2021, 13 (3) :
evab014

Minor A J, Coulombe K L K. Engineering a collagen matrix for cell-

[34

[35

[36

[37

[38

[39

[40

[41

[42

[43

[44

]

]

]

]

]

]

]

]

]

]

Shi L Z, Herrmann J, Bou Jawde S, Bates J H T, Nia H T, Suki B.
Modeling the influence of gravity and the mechanical properties of elastin
and collagen fibers on alveolar and lung pressure-volume curves [J].
Scientific Reports, 2022, 12(1): 12280

Zhang WJ, Lin Q X, Zhang Y, LiuC T, QuuL Y, Wang H B, Wang Y
M, Duan C M, Liu Z Q, ZhouJ, Wang C Y. The reconstruction of lung
alveolus-like structure in collagen-matrigel/microcapsules scaffolds in
vitro [J].

1878-1886

Journal of Cellular and Molecular Medicine, 2011, 15(9) :

LiJ Y, Huang N T, Zhang X, Sun C, Chen J R, Wei Q. Changes of
collagen content in lung tissues of plateau yak and its mechanism of
adaptation to hypoxia[J]. PeerJ, 2024, 12: 18250

Huo D, Zhang L. B, Yang H S, Sun L N. Adaptation to hypoxic stress
involves amino acid metabolism: A case in sea cucumber [J].
Environmental Pollution, 2023, 330: 121766

Graf A, Trofimova L, Ksenofontov A, Baratova L, Bunik V. Hypoxic
adaptation of mitochondrial metabolism in rat cerebellum decreases in
pregnancy[J]. Cells, 2020, 9C1): 139

RS, TME, NS, T, KLEE, RITP, HEW. EBLEE 5000
mEERENNRBGERENGERENEZMI]. AREVEZHE,
2022, 22(8): 1401-1407

Qin PR, WangJ N, Liu S Y, Wang X, ChaiJ M, Song QY, XuC L.

Effects of simulated hypoxic environment at 5000 m altitude on intestinal

immunity and gut microbiota in mice [J]. Progress in Modern
Biomedicine, 2022, 22(8): 1401-1407 (in Chinese)
T, 855, L, BEFR, BRA, =08 . FERGHRES BEEAE

REMMEREXERREBMESNRI]. PEBFHEE, 2024, 601D :
262-267

Ding Y, Zhao F F, Hu J, Zhao Z D, Shi B G, Li S B. Analysis of the
expression characteristics of genes related to mitochondrial morphology
and function in the kidneys of yaks at different altitudes [J]. Chinese
Journal of Animal Husbandry, 2024, 60(11): 262-267 (in Chinese)
Pham K, Vargas A, Frost S, Shah S, Heinrich E C. Changes in immune
cell populations during acclimatization to high altitude [J]. Physiological
Reports, 2024, 12(22): e70024

I, KIEH, HEH, ER . KREEEXRFERRDEFRAKFEI]
FEZEZEREE, 2023, 43(12): 2989-2992

Wang Z, Zhang P L, Yang F M, Cui S. Expression level of coagulation
factors in liver of hypoxic model rats[J]. Chinese Journal of Geriatology,
2023, 43(12): 2989-2992 (in Chinese)

ChenIC, LiuY C, WuY H, Lo SH, Dai ZK, HsuJ H, Tseng Y H.
Evaluation of proteasome inhibitors in the treatment of idiopathic
pulmonary fibrosis[J]. Cells, 2022, 11(9):1543

Bergwik J, Kristiansson A, Allhorn M, Gram M, Akerstrom B.
Structure, functions, and physiological roles of the lipocalin al-
microglobulin CAIM)[J]. Frontiers in Physiology, 2021, 12: 645650
Kristiansson A, Davidsson S, Johansson M E, Piel S, Elmér E, Hansson
M J, Akerstrom B, Gram M. al-microglobulin (AIM) protects human

proximal tubule epithelial cells from heme-induced damage in vitro[J].

International Journal of Molecular Sciences, 2020, 21(16) : 5825



5 5 4

A AN )RR S TR A AT 5 I U AL AR A N ) 5

155

[46]

[47]

[48]

Aleksenko L, Akerstrom B, Hansson E, Erlandsson L, Hansson S R.
Pregnant alpha-1-microglobulin (A1M) knockout mice exhibit features of
kidney and placental damage, hemodynamic changes and intrauterine
growth restriction[J]. Scientific Reports, 2020, 10(1): 20625

Xie Y X, Hayden M R, Xu B J. BDNF overexpression in the forebrain
rescues Huntington’ s disease phenotypes in YAC128 mice [J]. The
Journal of Neuroscience, 2010, 30(44) :14708-14718

Simoes A T, den

Duarte-Neves J, Goncalves N, Cunha-Santos J,

Dunnen W F A, Hirai H, Kiigler S, Cavadas C, Pereira de Almeida L.

A

[49]

Neuropeptide Y mitigates neuropathology and motor deficits in mouse
models of Machado-Joseph disease [J]. Human Molecular Genetics,
2015, 24(19):5451-5463

Croce N, Gelfo F, Ciotti M T, Federici G, Caltagirone C, Bernardini S,
Angelucci F. NPY modulates miR-30a-5p and BDNF in opposite direction

in an in vitro model of Alzheimer disease: A possible role in neuroprotection

[J]. Molecular and Cellular Biochemistry, 2013, 376(1/2):189-195

HAE G B A

E—IEEE N WA, 5 MR R EE A, PO B O B AR A L AT A A

R g R L I e i & i T B 1) e S [ P2 & o R R R VS 2 BB i e R S s
B [ S AR S ) B B A A S Wy i A B IR AP S T RE SR AT Y, SE R R
THIE A SR 0 H VUG A 36 DX R % 100 PU R A 3 XORHT BT 0 E R T L X
SBE iR AFE R U E 20 405 i A2 8 TP B 1 I DX 3 5 AR ME 5 2 RPHURE SC 200 &, Hh SCTig
SO0 AR o AR 5% 2 I8 5 ik AR 1A | 4 DX AR IR S HE SN VIR X R ER — T =



