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Abstract: To explore the effects of different altitudes on changes of different metabolites and metabolic
pathways the sera and livers of T. belangeri from Dali (high-altitude) and Mongla (low-altitude) were
collected. The metabolites were analyzed by using the non-targeted metabonomics gas chromatography-mass
spectrometry (GC-MS). The original data were preprocessed by software XCMS (www. bioconductor.org/),
converting the original GC-MS data into common data format (CDF) format. The XCMS program was used
for peak identification, peak filtering and peak alignment to determine the parameters of XCMS (Fig. 1). A
metabolite tree map was constructed based on the euclidean distance between samples, and clustering of
samples was performed by a clustering algorithm (Fig. 2). Then the processed data were imported into
SIMCA-P software (Umetrics, Umea, Sweden), and multivariate statistical analysis was carried out.
Hierarchical cluster analysis (HCA) was used to analyze the metabolite thermograms with the heatmap
function in the R package (Fig. 3, 4). The correlation analysis of metabolites was carried out for significance
statistical test, and the statistical test method was the COR. TEST function in R language package (Fig. 9, 10).
Metabolic pathways were assigned to metabolites based on Kyoto encyclopedia of genes and genomes
(KEGG, http://www.genome.jp/kegg/), and Pathway Activity Profiling (PAPi) was used to compare the
relative activities of different metabolic pathways in different groups (Appendix 1, 2). All analyses were
performed using the R package. Differential metabolites were screened by One-way ANOVA analysis (P <
0.05) and ploidy change Log2 value (fold change > 1.5 or fold change < 0.667) (Fig. 5 - 8). The results
showed that there were 36 different metabolites in serum of the high-altitude population compared to the
low-altitude population (Fig. 3), among which 32 were up-regulated (citric acid, glucose, cholesterol, et al)
and 4 were down-regulated (N-acetylglutamic acid, decanoic acid, 4-hdroxybutyric acid, et al.). There were 18
metabolites showing significant difference in the high-altitude population compared to the low-altitude
population (Fig. 4), among which 10 were up-regulated (malic acid, ribose, glucose, et al.) and 8 were
down-regulated (glutamine, glycolic acid, octadecanoic acid, et al.). Compared with the serum metabolic
pathways at low-altitude, there were 76 metabolic pathways with significantly different activity scores in
high-altitude population (Appendix 1), among which 69 were up-regulated and 7 were down-regulated. There
were 75 metabolic pathways with significantly different activity scores in the high-altitude population
compared with the low-altitude population (Appendix 2), among which 43 were up-regulated and 32 were
down-regulated. All of the above results suggest that T. belangeri would adjust the metabolites of different
metabolic pathways (including tricarboxylic acid cycle, glycolysis, lipid metabolism and amino acid
metabolism) in different tissues to adapt to different environments, and serum is more sensitive to
environmental changes than the liver.
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Serial number is the sample number, and the number ruler below indicates the difference value.

B Heptanoic acid

YRR 4-Hydroxybenzoic acid
3£ Decanoic acid

N-Z. B E R N-Acetylglutamic acid
% & Glucaric acid

S-FA A BEEER S-methyl-Cysteine
JULBZ-1-B%82 myo-Inositol-1-phosphate
44 EB alpha-Tocopherol

JHE B Cholesterol

TEW¥ Sucrose

‘Hih Glycerol

BEFIMR Succinic acid

¥R Citric acid

SEFFR Malic acid

Hi-3-B%ER Glycerol-3-phosphate

“H #&®¥ mannitol

9-(Z)-FE IR 9-(Z)-Octadecenoic acid
#%I% Glucose

B&E MR L-Tyrosine

WG BME Trehalose

L& Lactic acid

KA Asparagine

AR Alanine

4R Proline

% BERR Ribonic acid

% JE#R Quinic acid

JIEZ myo-Inositol

LBEEER Cysteine

LR Glutamic acid

AL Glutamine

i ER Methionine

JEMPR Putrescine

8% Tryptophan

ISR Lysine

4% Histidine

2% R Serine

L, o= W

1
W N =

3 Dali, DL
HhE Mengla, ML

R4 Merabolite [  m————

B3 R =R AR E
Fig. 3 Theserum metabolite heat diagram of Tupaia belangeri
BRI IES AP EN S, LOFrEs, REFREK.
Metabolites and populations two-way clustering heat maps, color depth represents the content, green represents high content, red represents low
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Fig. 9 Serum metabolites correlation diagram of Tupaia belangeri

| FORFEAIEMIR (LE), - 1 RoRsEE Rk GG, =AM RIS P> 0.05, AHEFICHA ARSI P<0.05.

1 represents complete positive correlation (red), - 1 represents completely negative correlation (blue), blank part for correlation statistical test P >

0.05, color mark part for correlation statistical test P < 0.05.
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Fig. 10 Liver metabolites correlation diagram of Tupaia belangeri

1 FRFERIEMKLE), - 1 FRERAMRAEE), FEI ARG P > 0.05, BSEAMCH RS R P<0.05.

1 represents complete positive correlation (red), - 1 represents completely negative correlation (blue), blank part for correlation statistical test P

values > 0.05, color mark part for correlation statistical test P < 0.05.
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Appendix 1 Serum metabolic pathway of Tupaia belangeri

QYA Pathway

WEVER S
logy(AS fold change)

¥

Pathway classification

BRI RERAFZERRNP#M Valine, leucine and isoleucine degradation

AR SEERA S RN E & R
Valine, leucine and isoleucine biosynthesis

F% BRI Tyrosine metabolism
R RIIE Tryptophan metabolism

RHNER . BRI (BRI A 45 ik
Phenylalanine, tyrosine and tryptophan biosynthesis
KNI Phenylalanine metabolism

PZ L %% Lysine degradation
AR YA R Lysine biosynthesis

HZFRfCH Histidine metabolism

HERR. LFBRATFEIRICE Glycine, serine and threonine metabolism

AR E LRI Cysteine and methionine metabolism

TR Z B Arginine and proline metabolism

HER. RERAMRMAEMICH Alanine, aspartate and glutamate metabolism

- 0.739 027 968
1.294 645 130

0.792 148 651

2.516 743 620
0.918 135 367 e
AFEEACI

1.239 475 184 Amino acid metabolism
0.923 630 631
0.925 114 752
0.987 962 311
0.998 027 962
0.986 027 962

0.475 486 877
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Ed Ui

RUHER Pathway

VAR
log>(AS fold change)

R

Pathway classification

BEAE T WRIE AL IE A 0B ¥ 2R 45 Pk

Tropane, piperidine and pyridine alkaloid biosynthesis

FERE AW K Streptomycin biosynthesis

NS B K AP 45 K Puromycin biosynthesis

KN EAEWA B Phenylpropanoid biosynthesis
BREANLMERNAEY A K Penicillin and cephalosporin biosynthesis
FE B R A A K Novobiocin biosynthesis

SR A PB4 & K Tsoquinoline alkaloid biosynthesis

1.392 420 346

0.854 730 189
1.354 022 194

0.095 449 930
2.531 281 605
0.854 730 189
1.036 186 757

Fofb AR
TR ER £
Biosynthesis of
other secondary

metabolites
WA P 4= ) 45 1% Indole alkaloid biosynthesis 0.987 962 311
FFF M AV A Glucosinolate biosynthesis 1.144 029 424
A B e 2 FH B 3 A P6 B Butirosin and neomycin biosynthesis 0.988 099 578
PESR A Y14 B Biosynthesis of phenylpropanoids 1.012 956 674
D24 i Betalain biosynthesis 0.911 4232 37
VEM RIFEMEAR Y Starch and sucrose metabolism 0.854 730 189
NBHER A Pyruvate metabolism - 0.445 853 539
RIS Propanoate metabolism 0.854 730 189
WL L BEi%4% Pentose phosphate pathway 1.309 224 930
SRR A BERRTS 19 A] TL#4 4k Pentose and glucuronate interconversions 0.987 164 107
BB UEEAR M Inositol phosphate metabolism 0.703 620 000
AN R0 Glyoxylate and dicarboxylate metabolism 1.312 694 134
BRI A AR

VEBEMA/ B85+ Glycolysis / Gluconeogenesis

F-FLBEAC I Galactose metabolism

FRERH ZFERE Fructose and mannose metabolism

FrEEREIN Citrate cycle (TCA cycle)

C5-3C Tt #f C5-Branched dibasic acid metabolism

TR Butanoate metabolism

YU LR FEERR RIS Ascorbate and aldarate metabolism
RIENERZE FRAERS Amino sugar and nucleotide sugar metabolism

0.987 962 311
0.987 962 311
1.233 931 086
0.987 962 311
0.987 298 894
1.141 972 680
0.881 936 667
1.002 748 961

Carbohydrate metabolism

At Sulfur metabolism

H4&1ER Photosynthesis

FATERR 1L Oxidative phosphorylation

Z AR Nitrogen metabolism

F iR Methane metabolism

JRAZ AW IR ] 5 35 4% Carbon fixation pathways in prokaryotes
B AEWIHIRSE 52 Carbon fixation in photosynthetic organisms

0.854 730 189
2.152 585 869
1.142 452 083
1.342 452 083
1.038 885 754
0.884 758 582
0.922 753 305

fE QU

Energy metabolism

MR EW A Steroid hormone biosynthesis
KAV A B Steroid biosynthesis

BileJAR# Sphingolipid metabolism
VIR R AP % Primary bile acid biosynthesis

1.933 839 987
- 0.070 587 153
2.052 585 869
0.854 730 189

Hi ARt

Lipid metabolism
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SR

fRHI@RE Pathway logz(Aﬁ Zﬁl{? z}‘tange ) Path\&/{:ylgjlfi‘;#i%ﬁcation
W ERARE Linoleic acid metabolism 1.342 452 083
HimBERREE 1S Glycerophospholipid metabolism 0.558 449 930
HihEeR ¥ Glycerolipid metabolism 0.924 769 242
HEWBRZEM Fatty acid elongation 0.964 449 242 S R A it
HEUTBR A 45 1 Fatty acid biosynthesis 0.923 569 242 Lipid metabolism
FATR HEERHEANEE (1 2E )4 B Cutin, suberine and wax biosynthesis 0.834 769 242
ARG I AE W) X Biosynthesis of unsaturated fatty acids 0.924 869 242
Te4 DU 10 Arachidonic acid metabolism 0.987 543 826
44 B6 101 Vitamin B6 metabolism - 0.739 027 968
o s .
gbﬁ;;/fn}orrjgfiﬁ%ﬁz? fr?eriff—quinone biosynthesis - 0095 449930
iz %0 Thiamine metabolism 0.854 730 189 z]zi}ifﬁg
gk 2 25481 Porphyrin and chlorophyll metabolism - 0.149 256 010 Metabolism of

cofactor and vitamin

Z BRI AGEEE A (YA K Pantothenate and CoA biosynthesis 2.516 743 620

JRERAIEEE A Nicotinate and nicotinamide metabolism 0.985 391 399

"EFE A Biotin metabolism 0.956 360 071

A-TEER AN YK AR B Taurine and hypotaurine metabolism 0.925 114 752

TR ABE R 1R Phosphonate and phosphinate metabolism 0.723 557 702

I H IR Glutathione metabolism 0.955 360 071

D-A AR KR D-72 & B/ D-Glutamine and D-glutamate metabolism 0.987 962 311 oAtz SRR A
Metabolism of

D-FEZ M D-Z R D-Arginine and D-ornithine metabolism 0.790 800 711 other amino acid

D-W&E R D-Alanine metabolism 1.135 391 399

FIEEIEFA YW Cyanoamino acid metabolism 0.891 769 764

B-NAMAH beta-Alanine metabolism 0.993 557 702

BERESR Pyrimidine metabolism - 0.558 449 930 A

IEI4fR# - Purine metabolism 0.693 557 702 Nucleotide metabolism

JEFEIE T (PAPD BEF TGS ARNE R VG £S5 (AS), PAPI THEEET KEGG Hiifs e v 45 55 A i 2% 140 50 B R AR %
FEREE. AU A KR T KEGG R 2. Sit#K%RT ANOVA, P<0.05.

A pathway activity profiling (PAPi) algorithm was used to calculate the activity score (AS) for each metabolic pathway, and the calculated
PAPi and the relative abundance of each metabolic pathway were based on the Kyoto Encyclopedia of Genes and Genomes (KEGG) database.
The metabolic pathway heat map was produced based on the KEGG metabolic process classification, and ANOVA analysis was used for the

statistical test (P < 0.05 indicates significance).
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Appendix 2 Liver metabolic pathways of Tupaia belangeri

. AR I) (e S
i
UAIBE Pathway logy(AS fold change) Pathway classification
e =1 EL 2 5
WA LB S R Y P A 0.739 027 968

Valine, leucine and isoleucine degradation
AR LRI R B R A E R
Valine, leucine and isoleucine biosynthesis
i Z R4 Tyrosine metabolism -0.012 148 651
KNEAE . BB ORI ED S R

Phenylalanine, tyrosine and tryptophan biosynthesis

- 1.146 425 130

0.464 251 303

KNAMRICUH Phenylalanine metabolism 0.216 743 620 AR

Z WL %M Lysine degradation -0.218 135367 Amino acid metabolism
FRIREY G Lysine biosynthesis -0.239 475 184

HAER. L RAMIFERICE Glycine, serine and threonine metabolism - 0.223 630 631

A B A R Cysteine and methionine metabolism 0.825 114 752

R IRM Arginine and proline metabolism 0.987 962 311

AR KRR 1,298 027 962

Alanine, aspartate and glutamate metabolism

BEE . WRIE AL E A MR A 2L 45 P

Tropane, piperidine and pyridine alkaloid biosynthesis 0486 027962
FER R AW A K Streptomycin biosynthesis 1.475 486 877
NEA 55 2 A W65 B Puromycin biosynthesis 1.492 420 346
FKNZEAEWA L Phenylpropanoid biosynthesis 0.354 730 189
T H AT RS B Penicillin and cephalosporin biosynthesis 0.354 022 194 HeAb UeAEACH
I . N . FEIRIEG
BB #Z A L Novobiocin biosynthesis - 0.055 449 930 Biosynthesis of
S A T A 404 B Tsoquinoline alkaloid biosynthesis - 0.081 281 605 Ot:;;m?tgzry
R| WA P ) A= ) 45 & Indole alkaloid biosynthesis - 0.154 730 189
T IMEAD A Glucosinolate biosynthesis 0.143 618 676
i Br it U AR B R A WA B Butirosin and neomycin biosynthesis 0.887 962 311
PES A4 B Biosynthesis of phenylpropanoids 0.094 029 424
I ZEY) 4G R Betalain biosynthesis 0.068 809 958
JENTFIREMEAC I Starch and sucrose metabolism - 1.012 956 674
NEHER A Pyruvate metabolism 0.111 423 237
PIMRME/Ci4 Propanoate metabolism 0.854 730 189
TR K k412 Pentose phosphate pathway 0.445 853 539
T AR RN 2 A BRI () AH FL %% 4k Pentose and glucuronate interconversions 0.254 730 189
BEIRILEEAR Inositol phosphate metabolism - 0.309 224 930
LR IR R Glyoxylate and dicarboxylate metabolism 1.387 164 107
KA S AR

0.303 620 000
0.312 694 134

VEBEMR/FE ST+ Glycolysis / Gluconeogenesis
L FLHEACE Galactose metabolism

Carbohydrate metabolism

SRBEATH 2RI Fructose and mannose metabolism 0.287 962 311
FrESRRTEIA Citrate cycle (TCA cycle) 0.087 962 311
C5-3 ALt # C5-Branched dibasic acid metabolism 0.933 931 086
TERAC# Butanoate metabolism 0.887 962 311
YA I ER A FR X1 Ascorbate and aldarate metabolism 0.087 298 894

FIEPERZPERZ AT Amino sugar and nucleotide sugar metabolism 0.541 972 680
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SRR 2

AU Pathway

TR S
logx(AS fold change)

U

Pathway classification

AR# Sulfur metabolism

J6&1ER Photosynthesis

FABERE L Oxidative phosphorylation

AR Nitrogen metabolism

FEfR 4 Methane metabolism

JERZAE P B[ E #8245 Carbon fixation pathways in prokaryotes
He & AEWIIBRIE € Carbon fixation in photosynthetic organisms

1.041 936 667
0.092 748 961
-0.454 730 189
0.452 585 869
- 0.342 452 083
-0.242 452 083
0.038 885 754

e AR
Energy metabolism

SR AW A K Steroid hormone biosynthesis

K[ EEAEY) A B Steroid biosynthesis

HilaJAR# Sphingolipid metabolism

YIGNE FR I 2E 4 i Primary bile acid biosynthesis

W R Linoleic acid metabolism

Hi B EL B Glycerophospholipid metabolism

HihEefC# Glycerolipid metabolism

ARWIERAE M Fatty acid elongation

N A= 6  Fatty acid biosynthesis

FATR . WSEFIFNLES 1) 2 & B Cutin, suberine and wax biosynthesis
ARG T FR A4 X Biosynthesis of unsaturated fatty acids
TEE DY AR M Arachidonic acid metabolism

0.884 758 582
- 1.022 753 305
-0.933 839 987
- 0.705 871 531

1.252 585 869
-0.354 730 189
-0.042 452 083
-0.038 449 930
- 0.024 769 242

0.096 444 924

0.535 692 425

0.534 769 242

M AR

Lipid metabolism

#7425 B6 X1l Vitamin B6 metabolism
V2 I S F A S SR A A= B 1

Ubiquinone and other terpenoid-quinone biosynthesis

R Thiamine metabolism

%3 £ /C Riboflavin metabolism

bk 5148 25 Porphyrin and chlorophyll metabolism
TZIRBE AR A 144 ) Pantothenate and CoA biosynthesis
R F AR P A Nicotinate and nicotinamide metabolism
HEYFE R Biotin metabolism

-0.924 869 242

- 1.987 543 826

0.539 027 968
0.409 544 993
0.354 730 189
0.149 256 010
-0.951 674 362
0.185391 399

N A0
Y FACH
Metabolism of
cofactor and vitamin

AERERR ANV - ERR A Taurine and hypotaurine metabolism

R EE AN EL X1 Phosphonate and phosphinate metabolism
e H KA Glutathione metabolism

D-B & B D-5 2R D-Glutamine and D-glutamate metabolism
D-FEZ A D-Z &R D-Arginine and D-ornithine metabolism
D-N &MY D-Alanine metabolism

FILEHEFRIUW Cyanoamino acid metabolism

B - beta-Alanine metabolism

-0.956 360 071
0.925 114 752
1.323 557 702

- 0.455360 071

-0.587 962 311

-0.390 800 711

-0.353913 987

-0.191 769 764

HoAth s R AR
Metabolism of
other amino acid

EIEAR I Pyrimidine metabolism

44 Purine metabolism

0.093 557 702
- 1.358 449 930

R IR AR

Nucleotide metabolism

TERE ST (PAPD FVEH T RUBE R VR VERF 5> (AS), PAPI THHJET KEGG il 2 h 4 4% AR U5 2% O 0 H AR
FEREE. NhEMAREET KEGG M. St ¥ 5RH ANOVA, P<0.05.
A pathway activity profiling (PAPi) algorithm was used to calculate the activity score (AS) for each metabolic pathway, and the calculated

PAPi and the relative abundance of each metabolic pathway were based on the Kyoto Encyclopedia of Genes and Genomes (KEGG) database.

The metabolic pathway heat map was produced based on the KEGG metabolic process classification, and ANOVA analysis was used for the

statistical test (P < 0.05 indicates significance).



