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Abstract: In order to uncover the differences in metabonomics among the different varieties of Sophora japonica ‘Jinhuai’,
the metabolites of four varieties of S. japonica (‘Jinhuai’ from early maturity variety (Jinhuai J3), mid-maturity variety (Jinhuai j2
and Jinhuai J4), and late-maturity variety (Jinhuai J6)) were determined using liquid chromatography and mass spectrometry (LC-
MS). The results showed that there were 1 135 metabolites in S. japonica ‘Jinhuai’, with 632 being differential metabolites. There
are 62 repetitive and differential metabolites in the four different varieties of S. japonica ‘Jinhuai’, which were mainly six kinds of
substances i.e. lipids and lipid-like molecules ( 30% of annotated compounds), organic heterocyclic compounds (23.33% of annotated
compounds), organic acids and their derivatives (20% of annotated compounds), organic oxygen-containing compounds (10%
of annotated compounds), phenylpropanoids (10% of annotated compounds), and alkaloids and derivatives (6.67% of annotated
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compounds). Differential metabolites are mainly enriched in phenylalanine, tyrosine and tryptophan biosynthetic pathways; The four

kinds of S. japonica ‘Jinhuai’ were rich in rutin and quercitrin. Based on the cluster analysis of flavonoids, Jinhuai J6 and Jinhuai J3

were separate groups, whilst Jinhuai J2 and Jinhuai J4 clustered together as a group. S. japonica ‘Jinhuai’ was rich in metabolites,

and the metabolite compositions of early-maturing and mid-maturing varieties were highly similar, whereas, the metabolites of late-

maturing variety differed significantly from the other two types in metabolite composition, with the different metabolites being

mainly concentrated in the biosynthesis pathway of aromatic amino acids. The research results can provide references for the rational

development and utilization of S. japonica ‘Jinhuai’ germplasm resources.
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Table 1 Characteristics of different types of S. japonica ‘Jinhuai’
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Table 2 Analysis of differential metabolites from 4 varieties of S. japonica ‘Jinhuai’

i Aot 2 AR

&G B 18] /min

(x107°) TR
1 #2450 ;};oi%ﬁ?gﬁf )- R H-O- 1.82 47111 CiH,O0 0.60 1
2 1-AE 6 B B ER LR 2.15 601.33 CyH5,0,,P -1.84 !
3 DL- % £ 8 -L- A R & 1.46 202.12 CH,;N;0, 0.81 !
4 5-(3° 47,5 - Z H IR )p- R A B 2.17 207.07 C,H,,0; 0.47 !
5 FEHKE A 2.72 285.08 Cy6H,,05 0.51 |
6 % R N-2AH HABBSRR 2.87 495.18 CysHyNOg+ -5.48 1
6-[4- (3-{4-[(3-{[3.4- =K 4-(ETR) ?@f%&
: - o = s
7 }ﬁéziﬁé}; ‘]‘% g?i;g}g _%_ ;;g;gk 3.14 72721 CyuHyO, 1.39 I
K 13,4,5- ZHF A RLINR-2-RE )
8 1'0'(3R’4';¥%§i;£%% THLA)--D- 3.51 295.10 C,H,;0, 0.45 1
9 FRL3-HLA TR B 2.32 205.05 C, H,,04 0.60 1
6-({[4,5- =5 HK-6-F H-3-[3,4,5- =544 -6-F LA
10 ATh-2-A ) B JAEH TIe-2-48 ) &) 1.61 437.16 CsH:,0,, -4.56 !
WA VAR TIR-2,3,4,5- 85
1 2§é£f§fﬁf§;f§ﬁ£é fj fﬁ)ﬁf 2.53 469.13 CyHyOp 483 1
12 (R)-3k AL Y 4.05 45224 CysHy05 -5.87 !
13 EE= 476 571.20 CysHy015 -473 !
14 Xi}g"@' fﬁ{;ﬁﬁ]’;f@[?f?jﬁéf 21;*2;; 4.82 495.16 CosHa10, 1.49 t
6-({[4,5- =& -6-F 3 -3-[(34,5- =5 -6-F L AL
15 FRTH-2-35 ) FIE JR AR Th-2-8 } 88 ) 4.82 515.12 CysH,,0 15 -4.65 !
WAL IRTIR -2,3,4,5- WEE
16 2,6 ZHK-4-F 8K T 5.84 165.05 C,H,,0, 0.41 1
17 RN EE (1-4) 6.41 546.33 C,H,oN,O4 -2.22 1
18 3-#-8,9-T ¥ — A 842N 5.04 283.06 C,¢H,,05 1.07 !
6-{2-[2-(2,4- = A K )-2- B THA |-5-F K 4-(4-
19 FAR-3-FET-2-M-1- £ )-3-FAEFKAK }-3.45- 4.82 573.16 Cy6H3015 0.32 !
ZHAAL TR 2-KH
20 RERFE 4.63 271.06 C,5H,40;5 0.81 !
21 B R E 3-0-(6-A—BLH A48 ) 436 541.13 C,sHysO1 0.25 !

156




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.11

gR2
N . . »>FERE LA
3 A iR B2 fs = A F- 2 R
A% 14 4 H G /min R HFX (<10) S,
3,4,5- Z#H-6-{3-5 K -5-[(E)-2-4-{[3,4,5- =&k
22 6-( BT ) R T2 1R RN ) L 430 567.17 CysH30014 -3.30 !
K PREMAL Y A TI-2-RBR
23 WEREE 3.18 331.08 C;H,,0, -2.00 !
24 A R 291 296.19 C,¢H,sNO, 1.19 ?
25 N-$UbE LB M 5 8 B 2.67 427.09 C,H,,NO,P -0.70 1
26 RIFE A, 2.53 314.20 C,6H,,NO; 0.13 !
27 4-F Y F R 2.44 345.18 CyHy50, 3.23 !
28 ok AR 2.17 179.03 C,H0, 0.86 !
29 FEAABE R 2.13 318.17 C,sHy:NO, 0.52 1
6-[3-(4- HIL-2-H# AR TH ) RAHK ]-34,5- ~
30 e BB 1.95 419.15 C;H»0, 5.56 ?
31 6- LB -1,2,3,4-v9 S tng 1.90 273.16 C,H,NO 9.77 1
32 B S BRHR B 1.46 204.13 CgH ,N;0;4 0.89 !
(3,5- K2 [ £4 (234254 -6-AK
33 3-[34,5-ZH&4 6-( £ TR AL RIR-2-L 5RD 1.80 545.08 CisH0,5S -1.72 1
SLA4-ZHe-1-4 ) Pk ]i@#&z -4-35 ) RALIR AR
3-(6-#2 K -7-F BH-2H-1,3-KF =& _
34 RIS ) 232 239.06 C,H,,0, 423 1
35 1-5 % 3.55- =9 3 2 4ok ootk — 7 0.71 157.06 CeH,oN,0; -9.66 1
{[(16R)-5,7,11-=#2#-8,10,12,16-79 F £ -3-[1-2-F
36 H-13- k4 ) At-1-H-2- 2K 19-BAR-17- 1.63 639.18  Cy,H,N,08, ~7.84 !
B4 R ZIR[14.1.0] LB -4-H 8- |F AL ) BRER
37 1-3-F A TBLE )-6-FAB LT 248 1.96 395.16 CH501, -2.07 !
38 Hib-1,2- = LR BS 2.09 527.20 C,;H,,05 -2.11 !
39 F) % 0 2h Ak 2.18 385.11 C,6H,004 -1.56 !
40 N-[4-F K -(B)- W A£BE ]-L- R &R B 2.36 278.07 C;H;;NO, -2.33 !
6-{[8,8-=F & -6-(2- F A ABLI )-2- AAK-4- KK
41 -2H,8H-bw 3 [2,3-f] &4 -5- A 18k }-3,4,5-= %4 247 547.17 CyoHy0, 9.22 1
AL TIR-2-B B,
34,5-Z 53 -6-{[2-(9-{[(2E)-2- F AT 2-4 ik 18 &
42 }-2-FAX-2H, 8H, 9H-7k7#[2,3-h] &4-8-4K ) & -2- 3.34 565.16 CysHy01, 0.35 1
EIR ) B 2-BB
43 FREE-T-0-7 HAEH 3.48 431.10 CyH,040 -1.90 !
(6-{[2-(3,4-=F KK )-5,7- =K -4- AR -4H-&
44 W3- B -345-ZHRAARTIHE2-L) TR 3.92 609.12 CioHy01 -2.53 1
(2E)-3-(4- %33R AL ) At -2-BL S
45 (S)- & E a5k 4.07 148.05 C,H,N;0, -0.61 !
46 [6]-% —B% 5-O-f-D-vtoh &) H) 48 3% 431 457.24 C,;H350, -2.25 1
47 47- 2532 F RIK-3 - RMAF R BT 5.73 739.35 C,H,,0, 731 !
48 2-#3:-2,6,6- = ¥ IR TR 5.58 155.11 C,H,,0, -9.24 1
49 3-BAF R 442 145.09 C,H,,0, -9.98 1
50 5- LA -4,5- = 5.-2(3H) "R 4.05 389.18 CeH,00; -1.56 1
51 HwFEE 15-0-p-D-vtrh FH F 48 3.87 601.21 CysH3013 -1.49 !
52 £ R M Be 3.65 389.18 CeH,,0; -1.37 !

157




MR EmBE Modern Food Science and Technology 2025, Vol.41, No.11

gix2
N . . »>FERE LA
= A i 82 B = T 2 R
A% bt 25 A G /min R HFX (<10) he
53 (S)-3-ARATETE[ Mgl -(1->6)-F B H | 3.48 435.19 CioH:,0,, -2.19 1
54 2-9k e B 3.23 257.15 C;H,NO -3.29 !
55 3-Q2-F K- )-REE 2.50 131.05 C,H,,0, -9.79 1
6-[3-3-{[3.4-—FHk -5-( £ TR ) AdAp-2-4 1A
56 }-57-=F K -4-FAR-3,4- = E-2H-1- R FFeked -2- 2.41 617.11 CrsHagO1 2.89 |
E)REAL 345 ZH LB L TR2-B 8

57 FERF 236 467.08 CoH,s0,, -2.08 !

3,4,5- ZF K -6-({2-[2,4,6- =K -3- (3-FHAT-2- _
58 Mi-1-4) FIL 1TERE ) AL ) Biw-2-AE 2.32 901.26 C,oH,,0,, 1.31 1
59 BRI B I7-1,7,8- B -8-F] £ 48 228 349.19 C,6H3004 -1.80 !

34,5-Z 5K -6-{[4- K 2-( TR )-T-F A2
60 Wk -3.4- A -2H-1-FHeh-5- 4k AR Y AT 2.09 437.11 CisH,.0,, 3.50 !

IR-2-FRBE

61 o E 1.65 271.05 CyoH 005 -1.81 !
62 e iR 1.94 563.13 C.HgN,O, 8.99 1

46 vs 43

G2 vs
Koy AK]

4HI4 vs 416

2.1.5 EFRAHREBEHANHT
1EZARWMERTH (B 5, &MJ6 54413,
SR 54 ZR N AEEENZE, B
MEBRREmNESRBYEMRI6 Sh. Kb, £4
B J6 H 1-% F KR -5,5-  FE R -2, 4- IR s bk i) 1 5%
PR T 1 2 AR o 11 Fl, 235l 2 1-52
BL-5.5- T FEE D A BRI i 6-{4-[(E)-2-{3,5- ¢

EHI2 vs
416

5 00T Fe-4-[(1E)-3-FE T -1- 0 -1- 3L 12838} 2438 1%
E 393 I -3,4,5- SRS -2- B 2- 53 2,6,6- =
g 4001 343 339 347 -
E 3R O 3.,4,5- = B3 -6-{[2-(9-{[(2E)-2-
g 200 BT 2- 4 ) A J-2- AOR-2H, 8H, 9H- Bk
§ M45[2,3-h] o0 -8- 3L ) H-2-F 15 Y A 24 -2- RIR.
05@ ﬁ& ﬁ& %@ 4- SRR 5- 2 HE-4,5- — A -2(3H) W IF
@ﬁ/ Mﬁ/ WW/ @&/ 1-O-(3R, 4- — 25k -2- 7 W 2 - T 1 55 )-B-D- #i 4
¥ s %gw ¥ FEL I B . 6- £ T 3 -1,2,3,4- DUS ML g, 2- UR BE

E 34 MeRaMEHnERREYHEFERE
Fig.3 Venn diagram of different metabolite quantities among
different groups of 4 golden S. japonica ‘Jinhuai’

6.70%

0,
23Amjill“‘wm

30.00%

u LY (25
s AHEALEY) GF)
= JIRJ5E (9%
HINE 37
= HLER (651
= RIMLEY) (T

20.00%

\10.00%
4 4 MERBMER KWL EY HVDB 53 £ 5 E
Fig.4 HMDB pie chart of different metabolites of 4

varieties of S. japonica ‘Jinhuai’

158

fil . 3,4,5- =3 -6-){2-[2,4,6- =¥t -3-(3- F A&
T-2-0 -1-3E ) SRIE ] AR AL ) Bk -2- RIR
FIRN BRI KA B, MIESRK I3 Tz R AR
TEWKAET . FR, S I3 JR] s 7G94SR
B fE B & 3-0-(6'- TH Bt & pE ) Z iz 7 4R%
WA 6 B, S RINFIETIN S AR, TEHKEK AL
5-(37,4°,57 - = B R HE )-p- IR R . B A R 3-0-
(-N M AR ) SRB/RET LIF, £&M
R ESREYN SR RAEEE T, mNESMR
12 580 14 R R T E FREUR .

W2 SR L Tk (E 5, &2 54
I3 35 = 2Rt b LEARYE 204 4, IR
WY 139 4. &i J6 54 I3 3o = AR u




R ERBHX

Modern Food Science and Technology

2025, Vol.41, No.11

AR A 2394, NIREREAE 154 4. &R J6
5&0 14 05 2 5 Rd LR E 1534, F
WAREE 186 1~ £ J2 54 M J6 f4 2% F AR5
Y B A 1854y, FIRAMAMA 162 4. 9
PR AL G TE SR 12, & FR 04 TR R, fEARE J6
o B, TR IR 5 A3 E AR v R B 1 T T 0 v
HEEME. KSR BUE SR G R R T
ZRWARP WP E KRB, ZRIE S5 T
L ER BRI 2 Stk 5 T NE B E R SR .
WERT N, AR S B B4 A B TP A J6 IR B

BEAk, AHTE TSR BT AR ERGR . R IT SR LR i
(S)- P 22h. DL- &R -L-INE RS 6 PRI ITE &
M2, &4 B B, fESMIe. &M I3 BET
W o AR A A N A T 1 R 3R 38 AR &R 20k
I EER Y 2 —, FATEIENBER, FE-EE
Rt 2 B BE B TS, SR I2. M J4 R G R
LS G R B A LR S ST i AR R A% P4 BE S ok 2
i H SRR B R A2 1 s TR P SRR J6. FE e
B I3 A NLER & R FRAR, 15RO 3R A 3 1R 68 70 7
[l ALY PO

Heatmap Tree

1.5
1.0
-0.5

-0.0

1-(Hydroxymcthyl)-5,5-ditnethy1-2,4-imidazo... 0.5
6-{4-[(E)-2-{3,5-dihydroxy-4-[(1E)-3-methylbut... -1.0
2-Hydroxy-2,6,6-trimethylcyclohexanone
3,4,5-trihydroxy-6-{[2-(9- {[(2E)-2-methylbut... -1.5
4-Oxoretinol
5-Ethoxy-4,5-dihydro-2(3H)fupanonc

1-O-(3R 4-dihydroxy-2-methylene-butanoyl)...
6-Acctyl-1,2,3 4-tetrahydropyridine
2-Piperidinone
3,4,5-trihydroxy-6-({2-[2,4,6-dihydroxy-3-(3-...
Mevalonolactone

(+/-)-Glycerol-1,2-diacetate
6-[3-(3-{[3,4-dihydroxy-5-(ydroxymcthy)ox...
Butyl(S)-3-hydroxybutyrale[arabihosyl-(1->6)...
4' 7-Dihydroxy-2'-methoxy-3'-prenylisoflavan
[6]-Gingerdiol 5-O-4-D-glucopyranoside
3,4,5-trihydroxy-6- {[4-hydroxy-2-(hydroxyme)...
(6-{[2-(3,4-dihydroxyphenyl)-5,7-dihyroxy-4-...
6-[3-(4-carboxy-2-hydroxybutyl)phenoxy]-3,4,5...
Chorismate
1-(3-Methylbutanoyl)-6-apiosylglucose

- 3-Hydroxyisoheplanoic acid

Glaucarubolone 15-O-beta-D-glucopyranosi...
Neuromedin N(1-4)

N-[4'-hydroxy-(E)- cinnamoyl]-L-aspartic scid
6-[4- 3-{4-[(3-{[3,4-dihydroxy-4-(hydroxymet...
Lippiosde I

- Trans-p-Menthane- 1,7,8-triol 8-glucoside
3,4,5-trihydroxy-6- {3-hydroxy-5-[(E)-2-(4-{[3,4,5...
Linocinnamarin

Oroxylin A

Malvidin
5-(3',4',5"-Trihydroxypbenyl)-gamma-valerol...
6-({[4,5-dihydroxy-6-methyl-3-[(3,4,5-trihydr...
Medicarpin 3-O-(6'-malonylglucoside)
3-Hydroxy-8,9-methylenedioxyplerocarp-6a-...
{[(16R)-5,7,11-trihydroxy-8,10,12,16-tetram...

2' 6'-Dihydroxy-4'-methoxyacelophenone...
Doxcpin N-oxide ghucuronide

(R)-Kanzonol Y

Apigenin 7-O-glucuronide

N-Lactoyl ethanolamine phosphate
Glycyl-Lysine

Pelargonidin

DL -Omithino-L-alanine

Caffeoquinone
{3,5-dihydroxy-2-[hydroxy({2,3,4-trihydroxy-6...
3-(6-hydroxy-7-mcthoxy-2H-1,3-benzodioxo...
Nigakinone

2-benzyl-2,3-dihydroxybutanedioic acid
6-{[8,8-dimethyl-6-(2-methylpropanoyl)-2-ox...
6-(11,15-dimethoxy-13-0x0-6,8,20-trioxape...
Isomangiferin
2-(3,4-dihydroxyphenyl)-8-[3,4,5-trihydroy-6-...
6-{2-[2- 2,4-dihydroxyphenyl-2-oxocthyl]-5-...
(S)-Spinacine

I-Stearoylglycerophosphoinositol

Serratanidine

3-(2-hydroxyphenyl)propanal
METHSCOPOLAMINE

Heliotrine
4-Hydroxy-5-(3',4',5"-trilydroxyphenyl)-valer...

159




MR B

Modern Food Science and Technology

2025, Vol.41, No.11

SHLI2 vs I3

Significant

. o e up(204)
® nosig(842)
e down(139)
VIP

e .00
-13
25
e38

—log 10 (P value)

S = N W A LN 0 0O
T

log2FC

SHLI6 vs LT3

Significant
e up(239)

VIP

- 0.0

. =13
S =27
4.0

—log 10 (P value)

log2FC

° ® nosig(792)
e down(154)

9 SHI6 vs LxKRI4

8 -

71 - Significant
£ ol . . e up(153)
E ® e nosig(846)
& ST ® down(186)
S 4+ VIP
o0 L - - 0.0
S 3r .13

2r «2.7

1k «4.0

1 1 1

0 -3 -2 2

8

7 B .

Significant
~ 6 -
2 * . o up(185)
s 5t ® nosig(838)
& 4} . e down(162)
E;D 31 VIP
ES) . 0.0
| 2k 14
(L «27
e4.1
0 1

1 1 1 - t 1 1 1
20 -15 -1.0-05 00 05 10 15 20 25
log2FC

54 MEmMESRGYHRERBEMERKHE=WNLE

Fig.5 Clustering heat and volcanic maps of different metabolites of 4 varieties of S. japonica ‘Jinhuai’
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