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Abstract ; Allium wallichii is one of the important wild plant resources in the karst geomorphic area of Hezhang County,
Guizhou Province, which has high development and utilization values. In order to analyze the differences of metabolites
and their pathways between wild Allium wallichii seeds and cultivated A. tuberosum seeds, we used UPLC-MS/MS
material separation and identification techniques to broadly target the chemical components of the two kinds of seeds for
the metabolomic analysis. The results were as follows: (1) A total of 782 kinds of metabolites were detected.
(2) Principal component analysis (PCA) showed that there were differences between samples. Orthogonal partial least
squares discriminant analysis (OPLS-DA) screened out 12 types of differential metabolites with significant changes (P<
0.05, VIP=1), involving 492 kinds, among them, the top 20 metabolites with up-and down-requlation included
flavonoids, steroidal saponins, flavonols, phenolic acids, isoflavones, free fatty acids, triterpenoid saponins, alkaloids,
indole alkaloids, amino acids and their derivatives and soon. (3) KEGG annotated 84 differential metabolic pathways, of
which four pathways were significantly enriched with differential metabolites (P<0.01). In addition, the biosynthetic
pathway of steroidal saponins, which were not annotated significantly differential metabolites, was constructed. This
research result provides a reference for the analysis of the effective components of the two kinds of seeds and the study of

pharmacologically active substances, and also provides new ideas for the development, protection and diversified

42 #

utilization of wild A. wallichii in Hezhang County.

Key words: Allium wallichit, metabolome, UPLC-MS/MS, metabolic pathway, steroidal saponins
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Morphology of Allium wallichii seeds (A) and A. tuberosum seeds (B)
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FEME, LA MultiaQuant $C/A48E 77 535 0 19 B0 A2 0E
FIH RIEF BN E ST preomp R EOELHE F
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Fig. 2 PCA scores (A) and correlation (B) of Allium wallichii seeds and A. tuberosum seeds
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Fig. 4 Multimodal graph of MRM metabolite detection

_ ﬁ!ﬂ Group
$4 Group

e = 223 Kunth
— E328 Rottl

RIEEER mix

.1 ##%Class
——— 2 ## Flavonoids
' B2 Lipids

% Phenolic acids

SEBRESTEY Amino acids and their derivatives

Hits Others

E#4E Organic acids

ZERRETEY Nucleotides and their derivatives
— 4415 Alkaloids

——— - | s steroids

= #2 Terpenoids
AigEXMETELX Lignans and coumarins
. #® Tannins

— —

X% X% Xw D OE DE IW I W IF
O Cm Emimon on op 50 0 oo
o S S SR TANTN TN R QH JH
O AT RP LI TR NS @0 T TH TH

= N w o o o
[ N w

K5 FEA AR I o 2SR R AR A

Fig. 5 Classification and clustering heat map of all metabolites in all samples



12 34 BEAHSE . T UPLC-MS/MS A {9 B A b 15 A Sioky i) AU A = 5 2001

A
104 o moemmmn =
&

g 051 -
By
&
K
=
g 0 i
= d
=B
P .
-0 4
=
H i

_10- ° ome

=300 -200 -100 0 300 200 100

FEWA SRR T2 pll]

w

0.9

0.6

VIP{E
Variable important projection(VIP)

0.3

* i@ Down: 378
ZRARE
Insignificant: 290

« Bif up: 114
-16 -8 -4-2-10124 8 16
R B 22 A B R A Log,(FC)

6 Z RAEAFS LA 19 1E 3 R e/ ek 1 S-Plot Bl (A) 2z AR kLKl (B)
Fig. 6 S-Plot (A) of OPLS-DA and volcano plot (B) of screening differential

metabolites of Allium wallichii seeds and A. tuberosum seeds
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Fig. 7 KEGG enrichment map of differential metabolites of Allium wallichii seeds and A. tuberosum seeds
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Table 1  Metabolites of the Top 20 fold changes of Allium wallichii seeds and A. tuberosum seeds
S S SN A Ak
8 LA RS PR 2 BliOH | e
Substance primary Substance secondary S log, (FC) Type of
No.  Compound P P Fold change H
classification classification change
1 FEWE FEH -6-0-B =B Trillium-6-0-sophorotrioside 52 Terpenoids =i "2 4 Triterpene saponins 1009 074.07 19.94 L Up
2 B - 1-0-FUAREEE (1,2) WA (1,2) A pE 514 Steroids §§ 2 HF Steroidal saponins 365692.59 18.48 i Up
Ruscosapogenin-1-0-rhamnosyl (1,2) glucosyl (1,2) glucoside
3 24-¥5 35 145 12 1 T 24-Hydroxymetanosapogenin {514 Steroids /K2 14F Steroidal saponins 218 711.11 17.74 94 Up
4 J i B A J6-3-0-H A B Pronosapogenin-3-0-glucoside {$§ 14 Steroids {$§ /& BT Steroidal saponins 174 870.37 17.42 L Up
5 B RO Diosgenin H$91A Steroids AT Steroidal saponins 148 362.96 17.18 -4 Up
6  AE/EMR(C20:0) Arachidic acid (€20:0) g5 Lipids WE B NG TR Free fatty acid 112 314.07 16.78 ¥ Up
7 6-C-HIBEH R -3-0-Z AT H#{ i Flavonoids # L Flavonols 97 870.00 16.58 i Up
6-C-methylquercetin-3-0-rutinoside
8 3,5,7,4-DUFRIL-8-H UL 5 I -3-0- 4 A R -7-0- BB R Flavonoids HEREE Flavonols 94 420.74 16.53 L} Up
3,5,7,4-Tetrahydroxy-8-methoxyflavonoid-3-0-glucoside-
7-0-rhamnoside
9 ARMNEEHE -3-0- M A BT -7-0- AR | Flavonoids # i Flavonoids 9426593  16.52  LjH Up
Tamarixanthin-3-0-glucoside-7-0-rhamnoside
10 2-FR5E-5-HU A S YRR 2 -0- R W -1 A 6 R Flavonoids SEHER Isoflavones 93 622.96 16.51 3 Up
2-Hydroxy-5-methoxygenistein-O-rhamnose-glucose
11 R RZEE-3-0-H1 R 11525 Terpenoids HHEE Flavonols 91 008.52 16.47  Fif Up
Isorhamnetin-3-0-neohesperidoside
12 iR HI0-3-0- IR (1-4) BUAEHEE (152) #A R i 1A Steroids /A2 14F Steroidal saponins 53158.89 15.70 LM Up
Pynosapogenin-3-O-rhamnosyl (1 —4) rhamnosyl (1—2) glucoside
13 2- B AT 2-Acetyl verbascoside 514 Steroids MRS Phenolic acids 53 092.22 15.70 L5 Up
14 3-0-H B F IR B F-7-0- W F AT 3-0-methylquercetin-7-0-glucoside i1 1A Steroids i Flavonoids 39 784.07 15.28 9 Up
15 1-0-3FFBt-D-H 48k 1-0-sinoyl-D-glucose fii f& Steroids RS Phenolic acids 37 620.37 15.20 LM Up
16 ARFREE-7-0-HHBTT (KREI) BE % Lipids H# i Flavonoids 37 143.33  15.18 L Up
Luteolin-7-0-glucoside ( Luteolin)
17 L5 E Red trifolium R Flavonoids SEHER Tsoflavones 36 614.07 15.16 L Up
18 BT Rhamn Limon il Flavonoids #Efi Flavonoids 36 601.11 15.16 L Up
19 5,4-Z 73 7- R ILHE (FAER) R Flavonoids T Flavonoids 30 571.11 1490  Ei8 Up
5 ,4-Dihydroxy-7-methoxy flavonoids ( Sakurain)
20 7-HI3EHH FE 7-Methylnaringenin H i Flavonoids #l Flavonoids 29 367.41 14.84 L Up
1 Tuberoside R 1A Steroids $ A RAF Steroidal saponins 781 374.07 -19.58 i Down
2 Tuberoside O 514 Steroids 54 AT Steroidal saponins 747 122.22 -19.51 [ Down
3 Tuberoside A B9A Steroids 5K 1Y Steroidal saponins 646 496.30  -19.30 T4 Down
4 Tuberoside K 1A Steroids B A RATF Steroidal saponins 585277.78 -19.16 4 Down
5 Tuberoside E 514 Steroids £ 1 2 FF Steroidal saponins 562 670.37 —19.10 F 3 Down
6 Tuberoside P B9A Steroids SR Steroidal saponins 530 581.48 -19.02 T4 Down
7 Tuberoside J B4 Steroids $ A AT Steroidal saponins 521 022.22 -18.99 [ Down
8 Tuberoside B 514 Steroids $ KA Steroidal saponins 145 692.59 -17.15 F 4 Down
9 Tuberoside T 1A Steroids /K2 14F Steroidal saponins 136 785.19  —17.06 T Down
10 Tuberoside Q B4A Steroids $ A AR Steroidal saponins 123 207.41 -16.91 T4 Down
11 4 22 BT Tsohyperoside i Flavonoids HHAEE Flavonols 103 270.37 -16.66 i Down
12 Tuberoside D 1A Steroids /21T Steroidal saponins 86 490.00 -16.40 T Down
13 6-FF I -7-0-F E i 1F 6-Hydroxykaempferol-7-O-glucoside T Flavonoids B Flavonols 70 300.37 -16.10 i Down
14 5-FREEM|VE-3-2 FE 5-Hydroxyindole-3-ethanol I Alkaloids 5| A 5K Indole alkaloids 65 940.37 -16.01 T~ Down
15 JI 73452 -3-0- 2= W Marigold-3-0-rutinoside i Flavonoids B Flavonols 58 862.96 —15.85 T Down
16 LA EH IT Horsesapogenin {14 Steroids f$§ 4 B 14F Steroidal saponins 50 676.30 -15.63 i Down
17 6-FRIEA BRI R -5-H 4T R T 6-Hydroxyluteolin-5-glucoside # [ Flavonoids # i Flavonoids 39412.59 -15.27 Tk Down
18 Wi H s Methyl nicotinate AW Alkaloids WK Alkaloids 39 380.74 -15.27 T4 Down
19 MK -4-0-MEpH (FLAT) H# i Flavonoids HEIE Flavonols 30 874.07 -14.91 T Down
Quercetin-4-0-glucoside ( Spiraea glycoside)
20 y-L-AER-L-F AR y-L-glutamic acid-L-cysteine GHERR S AT B S AT 25250.74 -14.62 i Down

Amino acids and
their derivatives

Amino acids and
their derivatives
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Table 2 Significant enrichment pathway of differential metabolites of Allium wallichii seeds and A. tuberosum seeds

K% KEGG il 4#K Koap PME RS aer ks
No.  KEGG pathway name P value Percentage (%) Compound ID
1 B T A0 2 R ) A 0 ko00944  0.002 7.37 €03951,C12630,C12626,C12667,C12249,
Flavone and flavonol biosynthesis C05903,C21833,C12628,C01470,C12635,
C12627,€05623,€03515, 05625
2 FEBE , WR NE AL E AL BRI AE Y A k00960 0.006 4.74 €00253,€00134,C01672,C05607 ,C00407,
Tropane, piperidine and pyridine C00079,C€00047,C00408,C01746
alkaloid biosynthesis
3 B T A ko00941  0.022 6.32 C06561,C12208,C€05631,C05903,C09756,
Flavonoid biosynthesis €00509, 09833, C00852,C09826,C09614
€00974,C10044
4 RINBESHEY A R ko00940  0.037 6.84 €00315,C05610,C00082,C01772,C00852,
Phenylpropanoid biosynthesis C01494,€00079,C01175,C00761,C12208,
€00423, 00482, C10945
H LR IR H R BB R B 1R
MVA pathway MEP pathway
ZBEEA AACT ZBZEEEA IR + 3-BsmeH i
Acetyl-CoA - l Acetoacetyl-CoA Pyruvate G3P
2X | HMGS
3-2E 3 FEZBHBEA 1-BR 5 -D-RERHE-5-BE AR i
HMG-CoA Das
‘ DXR
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2-FEFEEA-FEE
PRRER ~ / MEP
MVA i
2 ERE FPS N
USRS : — ARERRE
: FPP
L \ = i
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DMAPP
Bem 0 gmas i 23-EHARE SE a5 %% 2
Cholesterol Cycloartenol oS sQ g Carotenoid
CYP9ON 0sC
CYP724A ) LAY
N-BEEEE S 22,262 HE I [ 162226 2 BEE Terpenoid
22-Hydroxycholesterol 22.26-Hydroxycholesterol 16.22.26- Hydroxycholesterol \
PR eE BERREREET SR
Furcstanor-type saponin Furcstanor-type saponin aglycone Steroidal alkaloids
FZN Fuknuket SGT ase sEeEn
Spirostane type saponins Diosgenin

SGT ase pEetw | ’
I Pennogenin ‘

K8 ZRAek SRk b IR R T AN A R

Fig. 8 Biosynthetic pathway of steroidal saponinsins of Allium wallichii seeds and A. tuberosum seeds
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