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Transcriptomics -based study of the mechanism of the effect of plateau hypoxia stress on

energy metabolism-related pathways in the mouse kidney
GAO Yujie, LONG Qifu, LI Jidong, HU Ying, LI Changxing, TANG Chaoqun, YONG Sheng’
Medical College , Qinghai University , Xining 810016, China

[Abstract] Objective: To investigate the molecular mechanisms of gene expression and response in mouse kidney tissue during
adaptation to hypoxic stress in the plateau based on transcriptome sequencing technology. Methods: C57BL/6 mice were reared at 4
200 m (high altitude kidney test group, HKT) and 400 m (plain kidney control group, PKC) above sea level, and kidney tissues were
removed aseptically after 30 days for transcriptome sequencing using high-throughput RNA -sequencing (RNA-Seq). The sequencing
results from the HKT and PKC groups were analyzed by gene ontology (GO) annotation and enrichment in the Kyoto encyclopedia of
genes and genomes (KEGG) , and the reliability of the sequencing results was verified by real -time quantitative PCR (RT-qPCR).
Results: Compared to the PKC group, 1 349 genes expression were upregulated (P < 0.05) and 1 658 genes expression were
downregulated in the HKT group (P < 0.05). Among them, prolactin receptor (PRLR) , apolipoprotein E (APOE) , apolipoprotein A4
(APOA4) , cytochrome C somatic (cyes) , acyl - coenzyme A oxidase 1 (ACOX2) , cytochrome C oxidase subunit 5A (COX5A) ,
cytochrome C oxidase subunit 5B (COX5B) , cytochrome C oxidase subunit 7A (COX7) and heat shock protein B-1(HSPB1) genes

were significantly enriched. GO annotation analysis and KEGG enrichment analysis showed that differential genes were significantly
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enriched in organelle inner membrane, mitochondrial inner membrane and mitochondrial protein complexes, in addition to

peroxisomal , oxidative phosphorylation , thermogenesis , carbon metabolism and tricarboxylic acid cycle pathways. Conclusion : Hypoxic

stimulation at high altitude may cause oxidative stress, inflammatory response and imbalance of lipid metabolism in the body by

affecting energy metabolism-related pathways.
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Table 1 Information of primers for RT-qPCR

Yo LE R AR v T RS (£ 2),
22 ESFERKERE S

R SRS —3") LE 3 AT ST LT 4 SR A SR (1 1) o,
B-actin  F:CATCCGTAAAGACCTCTATGCCAAC 25 A 12 326 B PI7E HKT #1 PKC rhb 35k 24
R:ATGGAGCCACCGATCCACA 19 kS BB L FCR KT LG 1 096 4454
PRTN3  F:CAGCAGAAGTTCACCATCAGTCAGG 25 LB . HKT I PKC A R385 1 3 007 4 DEG
R:CTGGAGGAGAAGCACGTCATTGAG 24 B ZE R ZRsE IR ' ’
FCGR4  F:CACCGTGGCATCAAATCACATTCTG 25 BLAE 1349 A4~ L AL M1 658 A T i
R:GTCCTGAGGTTCCTTGCTCCATTG 2 (llog:FCI>0 F1 P < 0.05) . M ILEI (] 2) Al UL, 5%
APOE  F:GAGGAACAGACCCAGCAAATA 21 T ARE A P /N R IR IR 2 T
R:CGATGCATGTCTTCCACTATTG 22 PR, BT A UEF DEG, fE PKCH 5 HKT4H 22
PRLR  F:CCTGAAATCCACAAATGTCGTT 2 T 55 030 2 2 A Fr ] (D 3) L 3 S s RE A Tt
R:CATATGGAAGTGTACTGCTTGC 22 B4y B2 5 PKC LA 1Y , HKT 41 DEG [t 22 ik 4
HPGDS  F:AGAGCGGATGTTCAATGAATT 2 . N
(]5 R': G(;TS;(TJ((IICGCA(?TAEAAGCTI‘CTGC(C; 2 ﬁﬁﬁ%k . e
BAAT  F:GGTGTAGAGTTTCTCCTGAGAC 2 23 EFRBAHHKECCE %ﬁ*ﬁ% GO EAEAT
R:CAATCTCTGCTCCAATGCATAC 23 K TR FEHIPTR DEG A5 ARSI A T Ay
APOA4  F:GGGTGAAGGAAGAGATCAAGAA %) A DI RE I I A g L BT o 7 R S B )
R:GTGTGTTGATCTGATCTTGCAG 2 SR, AT T KEGG i % (& 4) F1 GO 13 ¢
RXRB  F:TGACCTACTCGTGTCGTGATAA 22 WA (KB 5) 8. KEGG 455 7k, DEG & 4 3|
R:CTGATAGCGACAGTACTGACAG 22 300 AE 5 B L 2 L P A A o AL
CYCS F:CCAAATCTCCACGGTCTGTTCGG 23 ,leg ffﬂ%@i@ﬁ% \fﬁaﬁh ﬁﬁ{ﬁiﬁﬂl]}(f?ﬁ@fiﬂﬁ%%g
USSR O T
: L L 2
R:GAGAGATGTAGCCATGTTCGTC 22 HEREACHI AL TR L °
COX5A  F:TGATGCTCGCTGGGTGACATATTIC 25 JHIHE PRI A % 53 BT A T2 R 52 A1 P (IR 46052 i 11
R:ACCGTCTACATGCTCGCAATGC 2 DEG, 1£ BP J5 il , B SERMAX A U A A
COX5B  F:CTGGGCTGGAGAGGGAGATCATG 23 PR A | AR I Y RE B A ad A 5 7 CC
R:TGCTGATGGACGGGACTAGATTAGG 25 AT, ZR0 A N B 20 i N S RN b AR B 1 2 A
COX7A  F:CCGTGTGGCAGAGAAGCAGAAG 2 VE MR 75 MF 7 167 B 1 45 46 5% 40 6
R:GCCCAGCCCAAGCAGTATAAGC 22 o % ggf I % % % . GOIE *%ﬁ:}’*ﬁ ?ﬁ% %% i3 , 1& iin
ACOX2 F:CAATGACTTCCATCAAGTGGTG 22 'fEE /%:L ﬂ:i_ﬁg—F HLM: E/‘J E‘E%&ﬁiﬁiﬁ#ﬁiﬁﬁiﬁﬁi
R:GTCTATGTTTTCGAAGCCCATC 22 . . .
MT-ATPS F:CTCATCACAAACATTCCCACTG 2 Zjﬁ o GOLERFII L T KEGG I B 40 Hr 9
R:TGGGGTAATGAATGAGGCAAAT 22 -
F2 TEEMEESIT
Table 2 Statistics of filtered data
FEA SRR AL EUR 52 I U AL R (%) 20(%) Q30(%) GC(%)
P_KI 45535920 43775 810 6.57G 0.02 98.33 95.09 48.60
P_K2 44139 150 43 071 646 6.46G 0.02 98.21 94.47 4871
P_K3 45730 632 44 406 156 6.66G 0.02 98.32 94.94 48.35
P_K4 45 882 796 44208 044 6.63G 0.02 98.25 94.80 48.60
P_KS 43798 942 42719 804 6.41G 0.02 98.14 94.52 48.47
H_K1 46 244 654 44711 452 6.71G 0.02 98.35 95.00 46.97
H_K2 46 442 944 45012 502 6.75G 0.02 98.34 94.99 48.19
H_K3 44712 114 43407 818 651G 0.02 98.30 94.81 47.99
H_K4 46 629 204 44948 988 6.74G 0.02 98.43 95.22 47.30
H_KS 44913 840 42 662 742 6.40G 0.02 98.24 94.76 47.82
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Figure 1 Venn diagram of gene coexpression
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Figure 2 Volcano plot of DEG
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CYCS Bk L A By ARR LA, CYCS By 34
S A% i A AL B R 1k (ATP 7 A 1 2R
) I 2R A ATP 45 U1 I ROS 774
2T R AE SN 2 o AR RNA-Seq 45 2R 7R
CYCS A 2 2 T, SR & T S LR ATP
87 A2 98D, o e AR AR 8 2 R LA Lok i
AR A

PURTEEH B-1(heat shock protein 3-1, HSPB1)
PR ARG, PR R R — A
A Z A RERE A . BEFER Y], HSPB1 i#
1 FEARAN I A ROS Fil— 4L UK T, A4 D H IR
(glutathione , GSH ) 7K - DA K B 5 L iR e A7, 7
HEHT AR S 0, R FE AR I M HOE
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PR, HSPB1 B35 1 K SO LAR A N M4 o ik
Eﬁﬁ(glutathione reductase , GR)/GSH/Z Dt H ka3 44
1k W 1 (glutathione peroxidase, GPx) FlAR %8 i 5
(thioredoxin, Trx) /At EH AL IR R & (peroxiredoxin, Prx)
PUEAL RGN )ETIRE  IESE T HSPBL 2 58 1 i
PrEALRON ™, L, HSPB1 B335 B T4 F5EHL
PREALI . AWF5E T, HKT 41 HSPB1 5EH #3581
AL PKCHL,

X 22 IR AT GO R AT A B, =K
Tifiesr2sh bt 19 GO 4% H 5 HURRE A
K, Ao i B LR PR R AR B R LA R RERE AR
BRI T H b, R, AHF 50 Re A
FHOCHERIFEAT T KEGG il % 5 5270 , 2 AL 5 4
eI AL G AR 7 B AR L e =R IR
TR 22 2Rl R A T R

i A Tl A 2 — b AT 2R AL 1 4
wr, FEZ 5HUAIRIIRIB-A k. BRI, 4
Wy EIATE S N8 BT 5 LA A A% AR L 2
Wit AR AN A, e bt S A P A 22 i —
o 24 6 DXL, A 30 gk 22 A AR AR A T S S R AR S
A A2 AEFE s IR ARAL B AR R T Ak
Wy A 3 % v I S B A 4L AL (acyl-coenzyme A
oxidase, ACOX) H1 /] ACOX1,ACOX2,ACOX3 F ik
BE T, ACOX 2 it A AW IA rh i 1h 7 fife 2% il
JRYIBEALINEE—2L . ACOX1,ACOX2 I ACOX3
SRR B-A A X, ACOX1 7 B¢ K BLBE g i
BRI, ACOX2 SEME—Z 5 IR A W& )
MRl A SAUILIG , ACOX2 R ACOX3 #/ 5 15 3 it
JIR T ) it =7

AL IR AL A5 500 B = LA™ 2 B i 1
K, SN RE RS UG, AR CHAL
Jif (cytochrome C oxidase subunit, COX) V. 3£ 48 1k
BERR AL AT 530 3 T AR O 1 1E 5 DI RE L 5 )5
S/ BUE IEL1 21 COX5A .COXSB . COXT7A %5 3&
PRI TR W2 R . R R, TEB AR T RO
HEE AL LA COXSA 3K 1 25 AR , COX5A 4E
PRI 3R I 5 R 405 S i A M 0 T 285 DDA G Rl s
COXSA 7] AE /& 1 % & 245 W) 1Y ¥ 7 $8 A 2
COX5B [ 2 23155 A SoRLAAR D) B R A, 00 1 210 it 2
KIFR A, 2 AN T e ik A 32 -8 FH:
b 240 B DR 1 7 A, DA T3 S 20 BT RS £ A
kA, COXTA BA U IIRE, fEsE /Ml
LR A Fh T

L5 TR AR A RO ) i R R T Y

INEUES I A U SR A0, e D 8 e SRR SR T R
5 AE R RUBHR AR A G DEG, KEGG 7Bt & BLiX
S92 S LI i BE g AR T SR W R A | SRR TR

o7 B B AR LA S =R AF R 44, 78 GO T
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