% 4 4442 F 48 Chinese Journal of Wildlife 2024,45(2):305-313

% 4 8 5 48

W

Chinese Journal of Wildlife

% 4 30 90 F 8.

http: //ysdw. nefu. edu. cn

BRIEE, 2%

=T FF A% SR Al e X A
E—%ﬁﬂ’ﬁ;ﬁﬁﬂ’]ﬁ

G hie%77
s M R

EHEAR

L, mHE

(Flgk¥EuE¥K, WT, 810016)

m =

BB E B 2023-09-13 .,@“"‘.
A H . 2023 - 10 -20 S

SEHEIR . = R R
ARARUAE 5
o2
JFIE

Key words: Himalayan marmot (Mar-

mota himalayana) ;
Hypoxia adaptation;
Transcriptomics
Liver

RESHES: 953

XERFRIZAD: A

XERS:

2310-1490(2024)-02-0305-09

DOI:10.12375/ysdwxb.20240209

HRGEAR v 3 AN R AR B R B SRR R (Marmota himalayana) 3
TR OAAAEZE S, T Y R 55 e D A1 S B R 58 A4 S PR 5 338 7 14 R DX A i
[, 5% FH Illumina HiSeq 2500 i 38 50 )3 F- 5 ) 5 T h fE S IE 2 U7 o 24
SRL AT 3 AR T S O AR 5 22 B R A Y LR A AT, e 22 Rk BRI
J5 #EAT GO DI BB R KEGG & 24017 o 45 R R < SR AE il (IRIBR 2, LD) (A
B (R AL, YS) B S A AU AT 20 27 v 2 59 3 TR B P9 2 S 5 K, IR B (o
MR AL, GC) 5 H A W2 1R 5 1A B /NI R e ik 25 R IR BRI 7 194
GO Terms fl 6 1~ KEGG i s A7 1 2% & 4E , S ML R AL AR DG K (HiF-1a . MPKA3) |
) 5 W AT i T A R DG 3 IR (PPARs ) 78 R TR vh SR B 1 R 63k, ) 3k b 3
DRI R Rl E 4  )42 7  E R e S7 0E 7 ge TA AR A 56 A i P 5 v, 36 0 8 20 £
AR AL A D RE T L B H iR e SN R 4 B 1 AR BRI R R A AR RE T L R
SRR AT 5 S5 BT A5 S SE R 2R A R o5 o o A SR A 43 1oy P (I S R 4 2

Liver Transcriptome Sequencing-based
Adaptation to Hypoxia in
Himalayan Marmot at Different Altitudes

ZHAO Kunyu, LI You, NAN Xinying, LI Yaodong”

(College of Basic Medical Sciences, Qinghai University, Xining, 810016, China)

HE£mAB:
F—1EEEN
*BIEIEE

WA BRI H (2018-2]-775)
T OBROHER (1998—) , Lo, B AFFT AR 5 35 B R i SRR AR

WA FALEIFSE . E-mail: 1015226624@qq. com

ZHEA , E-mail : Liyaodong6401@126. com



306

o4 3 B o W %45 %

Abstract: To investigate the differences in gene expression in Himalayan marmot (Marmota himalayana) at three different
altitudinal gradients and screen the candidate genes related to the adaptation of this species to the plateau low-oxygen
and ultraviolet radiation environments, the non-referential transcriptomic analysis of liver tissues of M. himalayana were
conducted by using the lllumina HiSeg-2500 high-throughput sequencing platform. By comparative analysis of the sequenc-
ing data after quality control and the reference genome, we screened the differentially expressed genes and then performed
GO functional annotation and KEGG enrichment analysis. The results showed that the differentially expressed genes in
the liver tissues of M. himalayana in the Ledu sample group (low altitude area, LD) and Yushu sample group (high altitude
area, YS) differed greatly, while the difference of differentially expressed genes of this species in the Gangcha
sample group (medium altitude area, GC) was small compared with the other two groups (high altitude and low altitude
areas). The up-regulated genes were significantly enriched in 19 GO Terms and six KEGG pathways, and the oxidative
phosphorylation-related genes (HiF-1a, MPKA3) , mineral uptake and lipid metabolism-related genes (PPARs) were up-
regulated in the YS group. These genes may directly or indirectly play a role in the adaptation of M. himalayana to the ex-
treme environment such as high altitude with low oxygen by adjusting the cellular metabolism, improving the redox capacity
and enhancing the immune response to maintain their physiological functions and survival ability. The results of this study

provide more genomic data for further research on genetic diversity of highland wildlife on hypoxic adaptation of M. himala-

yana.
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Tab. 1 Basic information of transcriptome libraries of Marmota himalayana at different altitudes
T H Term LD Ge4l Ys4l
Jﬁﬁﬁﬁ}ﬁﬂﬂg)ﬁﬂ’wﬁgle 6.65 6. 86 6.87
Bases filtered from raw data
Phred {E K T 20 A5R3E HL 61 ( Q) (%)
6. 45 6. 68 6. 82

Proportion of bases with a Phred value >20 ? ? ?
TEBUFH GC(%)
High quality sequence GC content 48.20 47.63 47.68
B Unigene/2&
4 Unigene/ & 109 488 84753 85 064
Total Unigener

S ER 7N
NR R IR/ 26 963 23008 24 603
NR-annotated genes
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KOTERFIO AR 15755 13818 13 461
KO-annotated genes

. P A
Sw%ss Prot {1 Ry HE K 24 479 21059 22571
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1 1 1 1
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Fig. 2 Comparison notes and proportion statistics of Unigenes in LD, GC and YS groups with six databases
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Fig. 3 Venn diagram of gene co-expression
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c49333_gl c46759_gl €20217_gl
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c11640_gl 6728 _gl 17951 gl
17798 gl 34822 gl 68351 _gl
GC LD GC YS LD YS
A. LD 5 GCH;B. YS5GCH;C. LDAAS YS4.

A. LD vs GC;B. YSvs GC;C. LD vs YS.
B4 RRGH RS DT RS SR ARE (DECs) B

Fig. 4 Heat map analysis of differentially expressed genes (DEGs) among Marmota himalayana at different altitudes
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Tab. 2 GO enrichment results of up/down-regulated differentially expressed genes(DEGs) in Marmota himalayana
DEGs(up/down) GO Term GO ID
I 4 FL 1538 5% Respirator electron transport chain G0:0022904
Yl P9 — S AL B A G PE Intracellular nitric oxide synthase activity G0:0006123
fRIHETT Metabolic regulation G0:0006123
JIOAK GG H1 7] Cholinesterase inhibitor G0:0022900
— A A A TG Nitric oxide synthase activity G0:0015992
4N B FEAZS Cellular sodium ion homeostasis 50:0006879
HL P56 A2 T Electron transfer activity G0:0009055
Hil B 7454 Copper ion binding G0:0005507
A (1 2R ¢ SRS PE Cytochrome-c oxidase activity G0:0004129
ﬁffjii}z . BRES T2 485 Tron fon transport regulation 0:0020037
WK B 454 Ferric iron binding G0:0008199
Yl 5 Cytoplasm G0:0008199
AR Cell membrane 50:0016020
-4 52 £ 4) Respiratory chain complex G0:0045277
HEYEA I Cellular photosynthetic membrane G0:0070469
A Integral component of membrane G0:0016021
LA L 4418 Mitochondrial electron transport G0:0006120
WL Mineral absorption G0:0055072
DNA [f# DNA degradation G0:0006308
DNA MR 5 5% Regulation of transcription , DNA-templated 50:0006355
/N GTP B T 8915 5145 Small GTPase mediated signal transduction G0:0007264
B R RALTE T Protein dimerization activity G0 :0046983
B4 4 Nucleic acid binding G0:0003676
WENETEILEELS & Phosphatidylinositol binding G0:0035091
Tk GTP#54 GTP binding G0:0005525
Down-regulated DEGs DNA 5[] DNA 54 il ¥ DNA-directed DNA polymerase activity G0:0003887
DNA 254555 55K 115 % DNA-binding transcription factor activity 50:0003700
DNA %54 DNA binding G0:0003677
IR Cell membrane G0:0016020
M KA F L Cell macromolecular localization G0:0042575
I 5 R T3 45 W) Transeription factor complex G0:0005667




AIPER A o 5T BT S L0 P X AN [ T4 - T S 1 4L

NEAERIFSE 311

Aromatic amino acid family metabolic process [~ ’

Alditol phosphate metabolic process - @
Negative regulation of transferase activity |- @
Negative regulation of protein phosphorylation |- ®
Negative regulation of protein kinase activity - @
Negative regulation of phosphorylation [- ®

DNA catabolic process

Lysine metabolic process

dd

p value

Negative regulation of kinase activity [- @ 0.05
Charged-tRNA amino acid modification [ @ ] I 0.04

[ | 0.03

Viral capsid

Exodeoxyribonuclease VIl complex
Periplasmic space
Other organism membrane

0.02
0.01

Other organism cell membrane [

Host cell membrane
Exocyst
Immunological synapse

Count
o5

050000
0

Dynactin complex

cAMP-dependent protein kinase complex [® I I @ 10

Exonuclease activity, active with either ribo- or deoxyribonucleic acids and producing 5'-phosphomonoesters

tRNA A64-2"-O-ribosylphosphate transferase activity
cAMP-dependent protein kinase inhibitor activity @

Deoxyribonuclease activity

Exodeoxyribonuclease VI activity %
Exodeoxyribonuclease activity, producing 5'-phosphomonoesters [
Exodeoxyribonuclease activity [

) @5
Exonuclease activity : @ 0
Tetrapyrrole binding . 25

Heme binding

0.01 0.02

BP. AW 5 CC. ALY s MF. 53T RE , B (B UL ) Pl iR R JiE TR Sh RE M AT 4
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Fig. 5 GO enrichment analysis of differentially expressed genes in Marmota himalayana liver tissues
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P o R R ) G S E I (L 6) .

3 it

T R fr A ) R SR PR 958 X AR - B 4y i o 1% 486 R
J1 A HAESY T KT b FE 30 8 R Rk 2 AL
G S 5 K %%%meh1ﬂﬁ¢nﬂ?
+E YT AR v AL A IS AL . KEGG
[ R A A AT R B S RV BB R A R
255 IR FE A I 2w AR AE S AL W2 1K (ko00190) L 4
Ji JE B (ko04110) | K 8 45 15 5 1 % (ko04927)
PI3K-Akt {5 5 1% (ko04151) | i 5 18 5 (ko00061)
DL AR T (ko04210) S55 B (£ 3)

RRLRAE N “BEm T 7 PRI ATP, 328
e R LS I A A Bl e e A T U
s T A AL BRI S — SRIRIE IR, SO S i
i ESSM LY S R A A B IN E R S

®3 EDHNEEWMEAERREEEKECCESRS
Tab. 3 Results of KEGG enrichment of up-regulated dlfferentlally ex-

pressed genes in Marmota himalayana

KEGG it HEH 44 Bk it i 1D
KEGG pathway Gene name Pathway 1D
G HiF-1
LB bl k000190
Oxidative phosphorylation MPKA3
21 Hfa S5 301 TP53
ko04110
Cell eycle CHEK] ©
S s 2 L
B S u«f? ' TFRI k004927
Iron regulatory signaling pathway HIF-2«
Ak ;
PI3K. Aklﬂj JLE% VEGF Ko04151
PI3K-Akt signaling pathway Akt
RE £
REfE PPARs ko00061
Lipid metabolism
T
EHHEHE P53 ko04210
Apoptosis

45 °F H A BT R HLAR R I AR EGE N . HIF-
ToAE R B S0 BE T 9t 35 DAL 1) 32 23000 DR 1, 3 o 4
2 B0 I PR () S 05 1 O L R Rk ML X ATP
(A, T2 ARG S0 I MR MIL AR, R A e
XA i I - 2 S RIS i SR R 1437 B E e R
SR Al BT 4 B MAPK {5 53 2 1 PI3K-Akt
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25 0 M3 A oA S TS 2R AR RN
PI3K- Akt {5 538 5 2 10 15 240 M 15 7 o0 A6 A 8 T 1)
LA A T i, FA R SRR R AR PR
A TR BVE T SRAE 2 R

Nitrogen metabolism ®
Glyoxylate and dicarboxylate metabolism [ ()
Carbon fixation pathways in prokaryotes { ]
Valine, leucine and isoleucine degradation [ )
Prion diseases [ ®
Vasopressin-regulated water reabsorption [ O
Propanoate metabolism o
Inositol phosphate metabolism - (@)
Insulin signaling pathway .
Malaria O
Ribosome biogenesis in eukaryotes .
Steroid hormone biosynthesis - @
Pyruvate metabolism | @
Fatty acid degradation - @
Fatty acid metabolism | @
Epithelial cell signaling in Helicobacter pylori infection - @
Complement and coagulation cascades | @

Peroxisome | @

Ribosome
PI3K-Akt signaling pathway

B 020 25 Sk 2 E 5T R IR B, MAPK {5 5 38 2 Al
PI3K-Akt 5 5 il B IS AL R e . 75
FCHE DX AU SRR T ELM AR A o, R R AR, X A
S B MSORTHICH RE 108055, Song S 2 BF5T R, 1=
SRS B R R A R Rk TR EANAS T
DNA BMHEAS KLV , AR50 28 5 M I 3

p value

0.12
0.08

0.04

DO

Count

@5
@
Qs

02 03 04 05

S R BT AR ) R BE , SR /N TR 2 e ) B DR K
The color of the dots indicates the significance of the enrichment and the size of the dots indicates the number of genes annotated to the pathway.
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Fig. 6 KEGG enrichment analysis of differentially expressed genes in liver tissues of Marmota himalayana
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