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Abstract: Objective To investigate the composition, differential metabolite characteristics, and main metabolic pathways of
metabolites in the rhizosphere soil of three common medicinal plants, namely Rhodiola rosea, Polygonum viviparum and Stellera
chamaejasme, on the Qinghai Tibet Plateau. Methods The rhizosphere soil samples of these three medicinal plants in the alpine
grassland of Qinghai Tibet Plateau were detected and analyzed by using the non-targeted metabonomics method of high resolution
ultra performance liquid chromatography-quadrupole time of flight-mass spectrometry (UPLC-QTOF-MS). Results The results
showed that there was no overlap between the rhizosphere soil samples of the three medicinal plants, and there were significant
differences between the each compare group. The results of significantly different metabolites in rhizosphere soil samples showed that
there were more significantly different metabolites between P. viviparum, R. rosea and S. chamaejasme, while relatively less
significantly different metabolites between R. rosea and S. chamaejasme. ATP binding cassette transporters (ABC transporters), D-
glutamine and D-glutamate metabolism, and purine metabolism showed the highest concentration of metabolic pathways in the

rhizosphere soil of the both three medicinal plants. Conclusion The signature metabolites in the rhizosphere soil of three medicinal
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plants are closely related to their main active constituents. The metabolic pathways of the secondary metabolites of P. viviparum are

more diverse than those of S. chamaejasme and R. rosea. The rhizosphere soil metabolic pathways of three medicinal plants are

important foundations for the biosynthesis of active secondary metabolites and adapting to alpine ecological environments.
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Fig. 1 Principal component analysis of metabolites in three plant rhizosphere soil samples
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Fig. 2 Orthogonal partial least squares-discriminant analysis of metabolites in three plant rhizosphere soil samples
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Fig. 3 Volcanic map of differentially expressed metabolites in rhizosphere soil samples of three plants
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Fig. 4 Cluster thermogram of differentially expressed metabolites in rhizosphere soil samples of three plants
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Table3 16 differentially expressed metabolites with most highest expression in rhizosphere soil samples of P. viviparum
%5 ID NIE/EAS BFHEVE CF) P log(FC)

8.88 390.1890n (—)-11-hydroxy-9,10-dihydrojasmonic acid 11-B-D-glucoside iE/E <0.01 0.81
7.66_350.2172m/z tryptophyl-lysine iE/E <0.01 1.00
9.68 411.2982n (9Z,127)-3-hydroxyhexadecadienoylcarnitine iE/E <0.01 1.49
10.85_636.3582m/z BILA 2185BS iE/E <0.01 192
10.56_504.2573n blumenol C O-[apiosyl-(1—6)-glucoside] 1E/ L <0.01 2.52
1-10.18_418.2205n 1-dimethylarsinoyl-(3Z,6Z,9Z,12Z,15Z,18Z)-2-docosahexaene 1E/E <0.01 285
10.62_432.2361n glucosyl (2E,6E,10x)-10,11-dihydroxy-2,6-farnesadienoate 1E/E <0.01 3.10
10.92 518.2727n blumenol C O-[thamnosyl-(1—6)-glucoside] 1E/E <0.01 2.59
11.49 592.3688m/z hydroxydestruxin B iE/E <0.01 3.77
11.68 678.4045m/z globomycin iE/E <0.01 3.26
9.53 332.1834n 2,6-dimethyl-6-O-B-D-quinovopyranosyl-7-octadecenoic acid iE/E <0.01 3.60
10.16_346.1991n (35, 45)-3-hydroxytetradecane-1,3,4-tricarboxylic acid 1E/ L <0.01 4.10
10.66_360.2149n LY255283 iE/E <0.01 4.75
11.06_420.2956m/z erythronolide B 1E/E <0.01 533
11.80_606.3844m/z hydroxyhomodestruxin B 1E/E <0.01 4.53
11.40_664.3894m/z lyciumoside VIII iE/ b <0.01 3.26




PER 2024448 B55% B8 Chinese Traditional and Herbal Drugs 2024 April Vol. 55 No. 8 - 2741
233 a
698
14 10
1
[ 11
2 B
657
11 8 15
’ 1 13l| |4 10 |
‘ 147 ‘,
| ‘ ‘
|
h | ‘ | L ,
0 2 4 6 8 10 12 14 16
t/min 5 b
4
1-(—)-11-hydroxy-9,10-dihydrojasmonic acid 11-B-D-glucoside; 2- 21
tryptophyl-lysine; 3-(9Z,12Z)-3-hydroxyhexadecadienoylcarnitine; 4- 3
BILA 2185BS; 5-blumenol C O-[apiosyl-(1 = 6)-glucoside]; 6-1-
dimethylarsinoyl-(3Z,67,9Z,12Z,15Z,18Z)-2-docosahexaene; 7-
glucosyl (2E,6E,10x)-10,11-dihydroxy-2,6-farnesadienoate; 8-
blumenol C O-[rhamnosyl-(1—6)-glucoside]; 9-hydroxydestruxin B;
10-globomycin; 11-2,6-dimethyl-6-O-B-D-quinovopyranosyl-7-
octadecenoic acid; 12-(3S5,45)-3-hydroxytetradecane-1,3,4- ] _
tricarboxylic ~ acid;  13-LY255283;  14-erythronolide B; 15- 0_ ) 2” T 4 o .6V g T 10“ 712 14 T6

hydroxyhomodestruxin B; 16-lyciumoside VIII.

5 HRFETIRMLBEHAREERSH 16 MRGIEIEE
Fig.5 Chromatogram of 16 metabolites with most highest

expression in rhizosphere soil samples of P. viviparum
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a: 1-1-methylguanosine; 2-moracin G; 3-threoninyl-glycine; 4-
propionylcarnitine; 5-L-glutamate; 6-DL-2-aminooctanoic acid; 7-L-

histidine  trimethylbetaine; ~ 8-meptazinol  glucuronide;  9-N-

acetylmannosamine;  10-3,4-dihydro-2H-1-benzopyran-2-one; 11-
valyl-proline.

b: 1-5-O-a-L-arabinofuranosyl-L-arabinose; 2-3-{[3,4-dihydroxy-5-
(hydroxymethyl)-5-4-4-{[3,4,5-trihydroxy-6-(hydroxymethyl)oxan-
5-5-2-6-ylJoxy}oxolan-2-ylJmethoxy} sulfonic acid; 3-1-O-(2-
acetamido-2-deoxy-alpha-D-glucopyranosyl)-1D-myo-inositol 3-
phosphate; 4-ethyl glucuronide; 5-galabiose.

6 AFRRIRFFLIBHAREERSH 16 MRIGIRIIE
BFER ( MAasEFER 0) &iEE
Fig. 6 Chromatogram of 16 metabolites with most highest
expression in rhizosphere soil samples of R. rosea (a,

positive mode; b, negative mode)
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F4 AFRRREFIFHAREERSH 16 L5

Table 4 16 differentially expressed metabolites with most highest expression in rhizosphere soil samples of R. rosea

%5 1D kBT BTV E CF) P logFC
0.85_609.1885 5-0-a-L-arabinofuranosyl-L-arabinose i/ - <0.01 2.51
3.16_297.1073 1-methylguanosine 1E/ L <0.01 6.15
0.74_326.1379 moracin G 1E/E <0.01 6.46
0.74_159.0764 threoninyl-glycine 1E/E <0.01 2.49
0.76 235.1653 propionylcarnitine 1E/E <0.01 1.94
0.76_421.0657 3-{[3,4-dihydroxy-5-(hydroxymethyl)-5-4-4-{[3,4,5-trihydroxy-6-(hydroxymethyl)oxan- /L <0.01 1.95

5-5-2-6-yl]oxy} oxolan-2-yl]methoxy} sulfonic acid
0.72_462.1022 1-O-(2-acetamido-2-deoxy-0-D-glucopyranosyl)-1-D-myo-inositol 3-phosphate fi/ b <0.01 2.62
0.74 147.0533 L-glutamate 1B/ L <0.01 1.17
0.86_267.0723 ethyl glucuronide /L <0.01 1.78
0.79_198.0890 DL-2-aminooctanoic acid 1E/E <0.01 1.64
0.81_684.2322 galabiose /L <0.01 1.07
0.68 198.1237 L-histidine trimethylbetaine 1E/E <0.01 0.99
0.89 409.2085 meptazinol glucuronide 1B/ L <0.01 0.72
0.84 204.0866 N-acetylmannosamine 1B/ L <0.01 0.70
2.93 148.0524 3,4-dihydro-2H-1-benzopyran-2-one 1B/ L <0.01 0.92
1.11_214.1318 valyl-proline 1B/ L <0.01 1.22

*5 WmBRBRELFFAREIERSH 18 HRBH

Table 5 18 differentially expressed metabolites with most highest expression in rhizosphere soil samples of S. chamaejasme

%% 1D R4 BiEA/ L (F) W P logFC

9.51 555.1298  6-O-demethylnigerone T 0.03 —33.69

10.42 569.1455  fonsecinone B AN 0.02 —33.94

9.51 557.1440  3-[5,7-dihydroxy-2-(4-hydroxy-3-methoxyphenyl)-4-oxo-3,4-dihydro-2H-1-benzopyran-8-yl]- E/T 0.02 —-10.51
5,7-dihydroxy-2-phenyl-3,4-dihydro-2H-1-benzopyran-4-one

10.41 571.1596  2-(3,4-dihydroxyphenyl)-8-[ 1-(2,4-dihydroxyphenyl)-2-hydroxy-3-(3-hydroxyphenyl) ET 0.01 —32.55
propyl]-3,4-dihydro-2H-1-benzopyran-3,5,7-triol

742 541.1143  13-(3,4-dihydroxyphenyl)-5-(4-hydroxyphenyl)-4,12,14-trioxapentacyclo-henicosa- Gilay 0.02 —35.95
2(11),3(8),9,15,17,19-hexaene-6,9,17,19,21-pentol

9.51_557.1440  3-[5,7-dihydroxy-2-(4-hydroxy-3-methoxyphenyl)-4-oxo-3,4-dihydro-2-1-benzopyran- E/T 0.02 —-10.51
8-yl]-5,7-dihydroxy-2-phenyl-3,4-dihydro-2H-1-benzopyran-4-one

10.85 852.4197  CDP-DG(a-13:0/a-13:0) ET 0.02 —1.08

0.81 439.0763  5'-butyrylphosphouridine il 0.03 -1.02

0.85 763.1822  phytosulfokine b AN <0.01 —0.84

7.66_543.1286  isochamaejasmin E/F <0.01  -32.11

598 544.1371  (25,2"S,35,3"RAS)-3,4',5,7-tetrahydroxy-flavan(2—7,4—8)-3,4',5,7-tetrahydroxy-flavan ET <0.01 —19.35

5.98 409.0917  (—)-epiafzelechin 3-gallate E/F <0.01  —32.98

9.26_557.1440 3,4 5-trihydroxy-6-([8-hydroxy-17-methoxy-10-0xo-2-oxatricycloicosa-1(17),3,5,7(20), E/T <0.01 3271
15,18-hexaen-4-yl]oxy)oxane-2-carboxylic acid

741.199.0754  p-hydroxybenzophenone E/T <001 1357

5.41_587.1199  yuccaol C T <001 3315

575 541.1144  yuccaol A GiTAN <001  —33.06

5.98 606.1255  cyanidin 3-(2"-glucuronosylglucoside) gilay —33.57

5.75 5421215 3-[2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-4-oxo-3,4-dihydro-2H-1-benzopyran-8-yl]-5,7- ET —33.16

dihydroxy-2-phenyl-3,4-dihydro-2H-1-benzopyran-4-one
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a 1-3-[5,7-dihydroxy-2-(4-hydroxy-3-methoxyphenyl)-4-oxo-3 4-dihydro-2 H-1-

benzopyran-8-yl]-5,7-dihydroxy-2-phenyl-3,4-dihydro-2 H-1-benzopyran-4-one;
2-2+(3,4-dihydroxyphenyl)-8-[1-(2,4-dihydro-
hydroxyphenyl)propyl]-3,4-dihydro-2 H-1-benzopyran-3,5,7-triol;

xyphenyl)-2-hydroxy-3-(3-
3-metho-
xyphenyl)-4-oxo-3,4-dihydro-2 H-1-benzopyran-8-yl]-5,7-dihydroxy-2-phenyl-
3,4-dihydro-2H-1-benzopyran-4-one; 4-CDP-DG(a-13:0/a-13:0); 5-
isochamaejasmin; 6-(25,2"S,35,3"R,45)-3,4',5,7-tetrahydroxy-flavan(2 — 7,4 — 8)-
3,4'5,7-tetrahydroxy-flavan; 7-(—)-epiafzelechin 3-gallate; 8-3,4,5-trihydroxy-6-
([8-hydroxy-17-methoxy-10-oxo-2-oxatricycloicosa-1(17),3,5,7(20), 15, 18-
hexaen-4-ylJoxy) oxane-2-carboxylic acid; 9-p-hydroxybenzophenone; 10-3-2-
(3,4-dihydroxyphenyl)-5,7-dihydroxy-4-oxo-3,4-dihydro-2 H-1-benzopyran-8-yl]-
5,7-dihydroxy-2-phenyl-3,4-dihydro-2 H-1-benzopyran-4-one.

b: 1-6-O-demethylnigerone; 2-fonsecinone B; 3-hydroxy phenyl)propyl]-
3,4-dihydro-2H-1-benzopyran-3,5,7-triol13-(3,4-dihydroxyphenyl)-5-(4-
hydroxyphenyl)-4,12,14-trioxapentacyclo-henicosa-2(11),3(8),9,15,17,19-
hexaene-6,9,17,19,21-pentol; 4-5'-butyrylphosphouridine; 5-phytosulfokine
b; 6-Yuccaol C; 7-Yuccaol A; 8-cyanidin 3-(2"-glucuronosylglucoside).

7 HBEIREMFLREAREIERSH 18 FRETIMN
EBTFER (a MOETFERN (b) BEE

Fig. 7 Chromatogram of 18 metabolites with most highest

expression in rhizosphere soil samples of S. chamaejasme (a,

positive mode; b, negative mode)
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Fig. 8 Enrichment bubble map of metabolic pathways in rhizosphere soil samples
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