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Abstract: Astragalus is a commonly used Chinese medicinal material in traditional Chinese medicine (TCM),
and with the increase of planting area in recent years, the damage of Astragalus root rot has worsened year by year,
which seriously affecting its quality and yield. Fusarium oxysporum is one of the main pathogens causing root rot
in astragalus. In this study, UPLC-Q-TOF-MS based metabolomic approach combined with multivariate statistical
analysis were used to analyze the metabolite changes of Astragalus in response to F. oxysporum infection. The
results showed that 62 metabolites in the Astragalus had significant changes after inoculation of F. oxysporum.
Polar metabolites included 40 flavonoids, 8 saponins, 2 nucleosides, 1 vitamin, 1 organic acid, 1 amino acid; while
lipid metabolites included 3 fatty acids, 1 diradylglycerols, 2 lysophosphatidylcholine, 1 lysophosphatidylglycerol,
1 phosphatidylinositol, 1 sterol lipid. Among these differential metabolites, the relative content of flavonoids, vitamin
B,, tryptophan and salicylic acid were increased, while the relative content of saponins were decreased. Correlation
analysis showed that the flavonoids were positively correlated with each other, and positively correlated with most
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lipids, but negatively correlated with most saponins. In addition, studies have shown that F. oxysporum infection is

not an influencing factor for the generation of malonyl substitution of flavonoid. This study elucidates the effect of

F. oxysporum infection on Astragalus from the perspective of plant metabolism, which provides a basis for

exploring the interaction mechanism between the Astragalus and F. oxysporum and further promoting molecular

breeding.
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Figure 1 Typical disease symptoms in Astragalus roots inocu-

lated with F. oxysporum. CK: Control group; FO: Treatment group
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The distribution of quality control (QC) samples (A, B) and principal components analysis (PCA) score plots (C, D) of

FE oxysporum treatment versus control. A, C: Positive ion mode; B, D: Negative ion mode

" C(}aSSzCIass
— 0 1 CK
8
; FO
7 0
===}
3 -1
|
0 2
. S
2
5
3
1
9
3
| 4
4
ol T 4
|
5
S 0
1
0
9
9
1
:
U ']
1
6
I 8
2
6
| 40
7
L[ 8
| S| 3
5
23
]
VRVEVENV VR s g O G
O 0O O 0OV 0V U K K K K &H &K

Figure 3 Heatmap with hierarchical clustering analysis of 53
differential metabolites. The numbers are consistent with the serial

numbers in Table 1
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Table 1 Differential metabolites identified in Astragali Radix. A: Flavone; B: Pterocarpine; C: Isoflavan; D: Isoflavone; E: Nucleoside; F:

Amino acid; G: Organic acid; H: Triterpenoid saponin; I: Vitamin; J: Fatty acids; K: Sterol Lipids; L: Diradylglycerols; M: Lysophosphati-

dylglycerol; N: Lysophophatidylcholine; O: Phosphatidylinositol; FA: Fatty acids; ST: Sterol; DG: Diradylglycerols; LPG: Lysophosphati-

dylglycerol; LPC: Lysophophatidylcholine; PI: Phosphatidylinositol

No. Compound tR, Formula Experimental Mode Mass Fragment Type FC
/min (m/z) error
1 Rhamnocitrin 23.14 C,H,0, 301.0707 [M+H]" 0.1 216.0450,203.068 3, 188.044 7,175.0754, A 3.75
171.043 8, 167.037 9, 139.030 6
2 Pectolinarigenin 20.77 C,H,,0, 313.0718 [M-H] 0.1 297.0415,283.026 1,269.047 1,225.0296, A 1.57
227.035 3, 183.044 6, 171.044 6
3 Rhamnocitrin-Hex 1479 C,H,,0, 461.1093  [M+H] 0.8 299.056 4, 284.032 8, 255.030 6, 135.008 9, A 2.45

503.119 1
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Continued
No. Compound ZR_ Formula Experimental Mode Mass Fragment Type FC
/min (m/z) error
4 Trihydroxy- 1944 C,H,O, 551.1373  [M+H]" -4.1 439.357 4,302.072 3,204.086 0, 186.0732, B 1.79
methoxypterocarpan- 138.058 8
Gle-Mal
5 Astrapterocarpan-3-O-  20.54 C, H, 0 698.229 0 [M+NH4]+ -0.2 549.160 0, 371.097 0, 325.108 9, 301.1075, B 1.62
Gle-Mal-Api 191.069 3, 167.070 2
6 Astrapterocarpan-O- 20.54 C,H, 0, 549.1603  [M+H]" 0.0 301.107 2, 191.070 0, 167.070 2, 123.044 4 B 1.69
Glc-Mal isomer 1
7 Tetrahydroxy- 16.54 C,H, 0, 537.1239  [M+H]" 0.1 289.069 6, 281.049 3, 289.082 6,243.058 7, B 1.56
pterocarpan-Glc-Mal 137.022 1, 127.038 1, 73.045 7
8 Astrapterocarpan-3-O- 20.80 C,H, 0 505.1697 [M+H]" -2.4 181.047 5,167.071 3,191.367 3,255.0902, B 1.28
Gle-Ace 301.069 9, 445.154 7
9 Isomucronulatol-7-O-  21.26 C,H,0 816.2557 [M+NH,]" -1.5 257.0441,239.006 7,165.057 1,150.0334, C 1.93
Gle-Mal-Gle-Mal 149.032 2, 121.028 6, 109.030 1, 91.063 3
10 Isomucronulatol-Gle- ~ 17.98  C,;H, O, 6442548 [M+NH,]” -0.2 465.1753,429.1709,369.169 6,369.1340, C 2.63
Gle 345.1450,303.122 8, 167.070 0, 123.044 3
11 Trihydroxy- 13.80 C,H,0 660.249 6  [M+NH,]" -0.4 660.2484,557.295 5,445.143 5,427.1650, C 2.55
dimethoxyisoflavan- 343.112 6, 319.120 2, 235.069 0, 183.070 0,
Gle-Gle 123.042°5
12 Isomucronulatol-7-0-  18.73  C,,H, O, 730.2553  [M+NH,]" -0.4 429.1605,393.1270,369.139 4,303.1215, C 2.37
Gle-Gle-Mal 249.076 5, 239.067 1, 193.085 5, 189.055 5,
181.085 8
13 Isomucronulatol-7-0- 1821 C,H,0,, 700.2447 [M+NH,]" -0.6 339.1216,339.1345,297.108 0,273.111 1, C 1.33
Gle-Mal-Api 177.052 4, 153.051 1, 133.066 3
14 Isomucronulatol 2032 C,H,O, 301.1082  [M-H]” 0.1 301.111 3,286.087 3,271.062 6,256.038 7, C 2.34
253.051 8, 149.025 0, 135.045 9
15 Isomucronulatol-7,2"-di- 17.56  C,;H, O, 6252130 [M-H] -1.2 463.1597,301.107 9,301.107 3, 135.0449, C 2.51
0-Gle 286.084 4
16 Trihydroxy- 19.48 C,H,O 449.1440 [M-H] -2.9 287.0938,272.071 7,257.044 1,239.006 7, C 3.71
dimethoxyisoflavan-Glc 165.057 1, 150.033 4, 149.032 2, 121.028 6,
109.030 1
17  Trihydroxy- 20.69 C H,O, 287.0919 [M-H] -0.1 287.094 6,272.069 3,257.045 4,254.0454, C 1.87
methoxyisoflavan 254.056 9, 165.056 4, 163.040 8, 149.023 8,
150.032 2
18 Isomucronulatol-O-Gle- 20.73  C,.H, O 505.1712  [M-H]” -0.8 301.108 5,286.0850,271.061 5,179.0719, C 1.44
Ace isomer 164.048 5, 135.045 6, 121.029 7, 122.037 7
19 Isomucronulatol-7-O-  20.61 C,H, 0, 465.1751  [M+H] -1.0 303.123 6, 165.053 2, 167.070 1, 167.0859, C 3.08
Gle 123.043 3,167.085 9, 83.012 7
20 Isomucronulatol isomer 23.56 C H O, 303.126 6 [M+H]" 0.4 193.0849,167.069 1, 161.058 7, 133.064 0, C 2.57
123.043 0, 118.040 5, 106.040 2
21 Isomucronulatol-O-Glc 20.61 C,H, O 465.1750  [M+H] -0.2  429.150 1, 369.139 3,339.124 0, 303.1250, C 3.08
isomer 303.138 8, 249.080 9, 189.053 6, 167.069 2,
123.044 5
22 Calycosin-7-0-Glc- 18.13 C,H, 0, 533.128 5  [M+H]" -0.2 285.0753,270.052 5,253.049 9,225.0552, D 1.45
6"-O-Mal isomer 137.023 4
23 Calycosin-7-O-Glc- 1844 C,H,0O, 533.1293  [M+H]" -1.0 285.0752,285.0928,270.0522,253.0502, D 1.38
6"-O-Mal 225.0550,137.023 4
24 Odoratin-7-O-Glc-6"-0- 18.53  C,H, O, 563.1396  [M+H]" 0.1 315.086 5, 300.064 0, 283.060 1, 255.066 2 D 2.23
Mal
25 Pratensein-7-O-Glc 1479 C,H,,0, 461.1093  [M-H] 0.8 299.057 1, 284.033 6, 255.031 4, 240.045 5 D 2.46
26 Isoafrormosin 1929 C.H,,0 297.076 4  [M-H] -1.6 297.076 4,281.044 2,267.029 9,253.0505, D 1.42
239.034 5
27 Pratensein-Glc 1629 C,H,O, 503.1196  [M-H] 0.3 443.091 6, 299.057 6, 256.038 1 D 1.86
28 3’-Methoxy- 1779  C,,H,,0, 445.1118  [M-H] -4.9 297.042 6, 283.061 8,268.038 3,239.035 6 D 2.11
5'-hydroxyisoflavone-7-
0-Gle
29 Pratensein-7-O-Glc 18.58 C,H,,0, 463.1235  [M+H] 0.3 301.071 0, 286.040 5, 269.045 4, 241.0452, D 1.50

isomer

153.016 5
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Continued
No. Compound l“_ Formula Experimental Mode Mass Fragment Type FC
/min (m/z) error
30 Calycosin-7-0O-Glc 16.78 C,H,0, 447.1285  [M+H] -1.7 286.3840,285.075 1,270.051 6,253.050 1, D 1.79
225.0554,214.061 1, 137.021 7
31 Ononin 19.71 C,H,,0 431.1331  [M+H]" -1.3  269.080 4, 254.057 4,213.092 0, 197.061 8, D 1.62
136.014 5
32 Odoratin-7-O-Glc 17.05 C,H,0O, 4771391  [M+H] 0.0 315.0867,300.064 8,272.070 3,255.0941, D 2.3
200.046 3, 175.035 4
33 Pratensein isomer 1 2229 C,H,0( 301.0713  [M+H]" 2.2 151.078 8, 153.018 5, 163.038 4, 229.0453, D 1.99
241.046 5,301.068 6,301.097 9
34 Afrormosin-7-O-Gle-  20.65 C,H,O 547.1447  [M+H] 0.1 299.0915,284.068 5,243.111 7, 183.084 9 D 203
6"-0-Mal
35 Pratensein 23.15 C,H,0, 301.070 7  [M+H]" -0.5 123.0445,171.039 3,167.060 1, 167.0329, D  3.40
188.044 5,203.068 1, 217.054 8, 231.065 2,
301.070 8
36 3',5'-Dihydroxy- 23.88 C.HO, 285.1122  [M+H]" 0.1 285.001 6, 243.101 2,239.106 8, 191.070 6, D  2.50
4'-methoxyisoflavone 176.046 6, 137.059 6, 121.027 8
37 Tetrahydroxy-methoxy- 17.98 C,H,,0,; 565.1189  [M+H]" 0.1 565.112 6,302.045 8,317.065 2,285.0413, D 1.54
isoflavone-Glc-Mal 299.052 1, 191.035 5
38 Afrormosin-Glc-Mal 1971 C,H,0, 5471447  [M+H] 0.1 547.148 8,299.092 1, 300.095 7, 284.068 0, D 1.44
isomer 239.0689,211.074 1
39  Calycosin-Gle-Gle-Mal 17.99  C, H,,0,, 695.1818  [M+H]" -0.3 533.1355,285.075 3,270.067 9,270.0439, D  2.83
225.053 7, 158.075 2
40 Pratensein-Glc-Mal-Gle- 15.35  C,,H, O 797.1771  [M+H]" 0.3 547.406 1, 549.123 4,301.070 5, 269.054 1 D 248
Mal
41 Guanosine 7.84 C H NO, 284.0991 [M+H] 0.4 152.0563,135.029 7, 110.034 4 E 4.30
42 Adenosine 777 C,H;N,O, 268.1046 [M+H] 2.2 136.0624,57.0358 E 2.53
43 Tryptophan 1025 C H,N,0, 203.0828 [M-H] 0.8 159.0950, 142.067 8, 116.051 7, 74.025 7 F 1.34
44 Salicylic acid 18.02 CH.O, 137.0244 [M-H] -0.7 137.0271,93.0357,93.051 0, 78.963 7, G 331
65.039 4
45 AcetylastragalosideI ~ 27.12 C_H O, 911.4983  [M+H]" -1.7 731428 8,713.4245,695.411 0,437.3483, H  2.83
isomer 419.3359, 199.059 9, 157.050 9, 143.107 9,
125.098 0
46 Argentatin A-Glc-Ara  22.58 C, H,O, 767.456 1  [M+H]" -1.9 587.3980,599.388 5, 569.369 3,473.3642, H  0.67
455.348 4, 437.342 9, 419.328 4,253.193 1,
187.145 2
47  Astragaloside II-Mal 2382 C,H,0O, 913.4794  [M+H]" 0.2 599.403 4,473.368 5,455.353 6,437.3410, H 041
419.335 8, 243.049 3,261.061 4, 143.105 4
48 Astragaloside II-Mal- 2491 C,H,,0, 9554907 [M+H]" 1.5 739.4058,721.399 8,455.3520,437.3408, H  0.63
Ace 419.328 7,303.070 8, 157.049 1, 143.105 5
49  Astragaloside I-Glc- 2337 C,H,O,, 1203.5384  [M+H]" -3.7 455356 1,437.344 1,419.3319,401.3107, H 0.64
Mal-Mal 199.058 8, 157.049 4, 143.106 6, 97.028 3
50 HuanggqiyeninA-Ara 2248 C,HO, 783.4512 [M+H]" -1.7 453.3345,435.3256,417.3134,271.2133, H 0.53
143.107 9
51 Agroastragaloside IV~ 22.04 C,H,O,, 987.518 1 [M-H] 1.1 941.5219 H  0.60
52 SoyasapogenolB-Gle- 22.44 C,H,O,, 765.4412 [M-H] -2.4 603.3945,157.009 9, 113.020 5, 85.029 5 H 072
Rha
53 Vitamin B, 14.66 C_H,N,O, 377.1456 [M+H] 0.0 243.0870, 172.086 8, 57.032 9, 198.066 7, I 1.99
145.076 2, 81.032 9, 57.033 1
54 FA 16:0 30.88 C,H,,0, 255.23291 [M-H] -0.5 255.2324,256.2358,257.239 1 J 1.69
55 FA18:2 29.94 C,H,0, 279.23297 [M-H] 0.2 279.2320,280.2355,281.2389 J 2.00
56 FA18:2;,0 2643 CH,,0, 2952247 [M-H] -0.8 295.228 1,296.231 0,297.234 8 J 1.82
57 ST 28:3;0 2490 C,H,O 419.328 92 [M+Na] 0.5 419.3295,420.3328,421.3362 K 074
58 DG 20:0 2720 C,H,O, 42331271 [M+Na] 4.0 423.309 0, 331.266 2 L 2.65
59 LPG 16:0 3198 C,H,O,P 483.270 11 [M-H] -0.2 483.2725,484.2758,485.279 2 M 197
60 LPC 16:0 26.61 C,H,NO,P 496.339 48 [M+H] 0.9 496.3392,497.342 5,498.3459 N 521
61 LPC 18:0 2838 C,H,NO,P 52436792 [M+H] 0.4 524.3712,5253745,526.3779 N 26l
62 PI19:0 2533 C,H,O,P 62731732 [M-H] 2.3 627317 3, 628.320 6, 629.324 0 O 389
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Figure 4 The distribution of QC samples (A, B) and principal components analysis (PCA) score plots (C, D) of F. oxysporum treatment

versus control. A, C: Positive ion mode; B, D: Negative ion mode
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Figure 5 Heatmap with hierarchical clustering analysis of 9

differential lipids. The numbers are consistent with the serial

numbers in Table 1
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Figure 6 The differential metabolites in relevant metabolic pathway. COMT: Caffeic acid-3-O-methyltransferase; UCGT: UDP-glucose:
calycosin-7-O-glucosyltransferase; G6P: Glucose-6-phosphate; ACC: Acetyl-CoA carboxylase; PAL: Phenylalanine ammonia-lyase; C4H:

Cinnamate 4-hydroxylase; C3H: Cinnamate 3-hydroxylase; 4CL: 4-Coumarate: CoA ligase; CHS: Chalcone synthase; CHI: Chalcone isomerase;

FNS: Flavone synthase; HID: 2-Hydroxyisoflavanone dehydratase; FLS: Flavonol synthase; IFS: Isoflavone synthase; IOMT: Isoflavone
O-methyltransferase; 13'H: Isoflavone 3'-hydroxylase; AACT: Acetyl-CoA C-acetyltransferase; HMGS: 3-Hydroxy-3-methylglutaryl-CoA

synthase; HMGR: 3-Hydroxy-3-methylglutaryl-CoA reductase; MVK: Mevalonic kinase; PMK: 5-Phosphomevalonate kinase; MVD: Meva-

lonate diphosphate; IDI: Isopentenyl diphosphate isomerase; GPS: Geranyl pyrophosphate synthase; FPP: Farnesyl diphosphate; GPP: Geranyl

diphosphate; FPS: Farnesyl pyrophaophate synthase; SS: Squalene synthase; SE: Squalene epoxidase; OSCs: Oxidosqualene cyclases; MVA:

Mevalonate; MVAP: Mevalonate phosphate; DMAPP: Dimethylallyl pyrophosphate; IPP: Isopentenyl pyrophosphate
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Figure 7 Correlation analysis of 62 different metabolites. The
numbers are consistent with the serial numbers in Table 1. A:

Flavonoids; B: Saponins; C: Lipids; D: Other classes
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Figure 8 Histogram of the flavonoids with and without malonyl
substitution (A-D). CG: Calycosin-7-O-Glc; CM: Calycosin-7-O-
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Gle-Mal. "P < 0.05, "P<0.01, ""P < 0.000 1 vs CK

AU 2B ORI, B B BRI R R B NS )5, Hod
MAZBHRYBUEE TR SAUT PR R
RAH )5, SH R FIFE R R ZR 5
RN EE AN, AW IEERER YR
BT R R G T e T B0 I R PR

RN T RO 2 A, R A Bk 7 T 45 R 2 o Y ik PR
N N M R AT i TR O AN
LRI R P KR T (5 5 8 B A A
W5 R G i S L A R A% LB Y, AU R O RN AE A2
BIRB IR R A5 2R ST R IR, WK



EEES T AW AT ) 1 1R et 8 e AR ) R

1979

PR W REAE Bl A8 R 45 9k 70 B (4R e U5 T B AT EE AR
FIRY, 443K B, BAT 5 (0 PUAALHE 0, fE R R T
52 38 77 T A% 2B AT, G s TR Al b
YEA R B, PR AR T R G . WARREVFZ I
REACEH R AT 14, @ et A B BRI R R, T
S e IR O 32 R A ) TR 4l B TR
OER AAREF 4T EER S BT A" EARTR
T, IR BRI R GG, WL KR 4E4
B, R EE i, 5§ LR ka4 R 2, &Y
XL R 73 AT RE S B RO AR R T M BT R, HE
PR BB IE 75 ZERAHEFC

BT TR DR A BRI D R TR R
BIRA TR T R B Ja W1 BAIR FACH M AR A,
BRNHIETE B BB 0 UV R S AN B i Ff i B %6
E T AR

YB3 TIBR: AR RSN B R SR R AR £
FVSEARNE LR LB, JF RS Rl RIS S
TECHE A it R S 8 R T SR AN A AR BEAT
Th MR AR &, UL R B 2

FEASE: AL HIHETETCAR TR 2 o R

References

[11 Guo YX, Li RR, Qin XM, et al. Characteristic components of
Astragali Radix from Hengshan Mountains based on multiindex
components determination [J]. Mod Chin Med (1 [ B4t 1 24),
2022, 24: 1473-1480.

[2] Gao F, Zhao XX, Qin XM, et al. Analysis of dominant pathogen
community causing Astragalus membranaceus var. mongholicus
root rot in Shanxi Province [J]. Acta Phytophylacica Sin (184 {#*
P1244), 2018, 45: 878-885.

[3] Mitchell-Olds T, Schmitt J. Genetic mechanisms and evolutionary
significance of natural variation in Arabidopsis [J]. Nature, 2006,
441: 947-952.

[4] Sumner LW, Lei Z, Nikolau BJ, et al. Modern plant metabolo-
mics: advanced natural product gene discoveries, improved tech-
nologies, and future prospects [J]. Nat Prod Rep, 2015, 32:
212-229.

[5] Fiehn O. Metabolomics-the link between genotypes and pheno-
types [J]. Plant Mol Biol, 2002, 48: 155-171.

[6] Hamzehzarghani H, Kushalappa A, Dion Y, et al. Metabolic pro-
filing and factor analysis to discriminate quantitative resistance
in wheat cultivars against Fusarium head blight [J]. Physiol Mol
Plant Pathol, 2005, 66: 119-133.

[7] Hamzehzarghani H, Paranidharan V, Abu-Nada Y, et al. Metabo-
lite profiling coupled with statistical analyses for potential high-
throughput screening of quantitative resistance to Fusarium head

blight in wheat [J]. Can J Plant Pathol, 2008, 30: 24-36.

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Bollina V, Kumaraswamy GK, Kushalappa AC, et al. Mass spec-
trometry-based metabolomics application to identify quantitative
resistance-related metabolites in barley against Fusarium head
blight [J]. Mol Plant Pathol, 2010, 11: 769-782.

Kumaraswamy GK, Bollina V, Kushalappa AC, et al. Metabolo-
mics technology to phenotype resistance in barley against Gib-
berella zeae [J]. Eur J Plant Pathol, 2011, 130: 29-43.

Du N, Yang Q, Guo H, et al. Dissection of Paenibacillus poly-
myxa NSY50-induced defense in cucumber roots against Fusar-
ium oxysporum f. sp. Cucumerinum by target metabolite profil-
ing [J]. Biology (Basel), 2022, 11: 1028.

Niu SQ, Geng H, Han CH, et al. Isolation and identification of
pathogens causing Astragalus membranaceus root rot in Gansu
Longxi [J]. Northwest Norm Univ Nat Sci (78 4t Jfivii K 2% 24 4)),
2016, 52: 75-78, 83.

Zhao L. Discovery and Functional Verification of Resistance-
Related Metabolites of Astragalus membranaceus var. mongholi-
cus Aganist Mixed Infestations of Root Rot Pathogens (¥ £ 4T
R 99 B 6 12 S 10 AR S AR I 42 48 2 B0 4IE) [D]. Taiyuan:
Shanxi University, 2022.

Nakabayashi R, Saito K. Integrated metabolomics for abiotic
stress responses in plants [J]. Curr Opin Plant Biol, 2015, 24:
10-16.

Wei R, Yang LJ, Qin XM et al. Rapid identification of chemical
constituents in the dried stem bark of Asparagus officinalis L.
based on UPLC-Q-TOF-MS/MS [J]. Acta Pharm Sin (% % 2%
), 2022, 57: 2839-2850.

Lou GG, Xia J, Yang J, et al. Differences in the chemical compo-
sition of Dendrobium officinale Kimura et Migo and Dendro-
bium crepidatum Lindl based on UPLC-Q-TOF-MS/MS and
metabolomics [J]. Acta Pharm Sin (% %% 2% 4), 2021, 56: 3331-
3344.

Gao F, Chao JB, Guo J, et al. IH NMR-based metabolomics to
identify resistance-related metabolites in Astragalus membrana-
ceus var. mongholicus against Fusarium root rot [J]. Int J Agric
Biol, 2021, 26: 69-78.

Lin CC, Chen DW, Dai JG. Advances of synthetic biology of
flavonoids [J]. Acta Pharm Sin ( Zj % 22 i), 2022, 57: 1322-
1335.

Ming QL, Han H, Huang F, et al. Advances in studies on ginsen-
oside biosynthesis and its related enzymes [J]. Chin Tradit Herb
Drugs (HH5.24), 2010, 41: 1913-1917.

Zhao XJ. RT-qPCR Detection of Fusarium acuminatum and
Metabolomic Analysis of Astragalas membranaceus Challenged
with the Pathogen (% 19 # JJ 1] ) RT-qPCR o il K% 2 5% Ho 42
e N AR 243 #7) [D]. Taiyuan: Shanxi University, 2020.
Sun R. Study on Enzyme Activity and Metabonomic Changes of
Panax ginseng to Fusarium solani Infection (N2 % Ji§ )% 9 7] H
132 G 1) T vi% ) 152 B AR 191 25 A8 46 WF 72) [D]. Changchun: Change-
hun University of Chinese Medicine, 2022.



- 1980 - 242224 Acta Pharmaceutica Sinica 2023, 58(7): 1971-1980

[21] Makandar R, Nalam VJ, Chowdhury Z, et al. The combined [22] Boubakri H, Gargouri M, Mliki A, et al. Vitamins for enhancing
action of enhanced disease susceptibility 1, phytoalexin deficient 4, plant resistance [J]. Planta, 2016, 244: 529-543.
and senescence-associated 101 promotes salicylic acid-mediated [23] Saikia R, Yadav M, Varghesh S, et al. Role of riboflavin in
defenses to limit Fusarium graminearum infection in Arabidopsis induced resistance against Fusarium wilt and charcoal rot
thaliana [J]. Mol Plant Microbe Interact, 2015, 28: 943-953. diseases of chickpea [J]. Plant Pathol J, 2006, 22: 339-347.

- FR-

TAR R A0 2 R g B 10 b A S IR BR AR A R M CR AR 2D, Fe 42 %, WA FE, IKR KRR ZAWiE
10 500 42 Fh, /5 25 Wt 7 1) B B Sk, RARGAE R 50 VIR 9T R AR DR 55 T T R 355 B RAEH, &
DS T HE R K A A 5 24 1D e s 1 B 0 2 AR A FH o

8 55 R 27 10 R RO ON SR SCH A 25, A G 100 R SR 24 W 0t 7 T A 6 24 5 el J P A R U T ) A L R O 1
LYY - A R R . RARGIYRLAAE(S B AL AR R & T & P & 10 I 28 B8 o, & Fh A
K P PE 2y 4y T T, QAR I AR W) 24 5 O 1) 22 RE I IR R SR 2 ) B oy R B R G S R E 2 )R RO A S
JEARTE T, AR R 2 5 T KPR DR PE SR o AL Ge 25 LA R SR 2540 O S B 2H Bt 7y, A 245 0 S AR, A TR R 42
IHE AR IR AR TEEAR B R, 2o R EG TAEEMEIZE S — ALY OBV 5 3 9 4 -
CR AR 25980 4 [ 50 22 4 B2 24 e e S RHIF 8 AT 16 1 200 42 44 % 5%, 0 B B0+ A A5 V0 4 10 o (R R 25 4 800
3960 57, 424, W RAR 55 10 500 R, ¥ K 730 R}, K Bg & 2 i+ AR a2 %R (512).
TR (488) HE R EL (337) B HEEL 297) EEEL 271 HAE 245) ARAF (227) 2= FF (181)  KELEL (172) Fo<
TERL (168) B, 17 i B B AL g Bl ZE AR RL BORERL 65 RL | 68 % £ RL L BERL RSB AR RD B R SE 300 KA
B2 BT 40, B PR D (CRR L) 2 A M E A E Y B S B AR, T & . 1
BRI FE R, BRSO E A E A AR EE 2 i EE RSk, 45 A DA EE 2 AT R R, XRS5 M AT T R G
ROV R AR T . PN 2895 B R AR 245 W 0 35 T LR R K 2 L 24 B SRk A R W AR N 45 1R 2 2R R AN 5 T, Y
PSR SL, AB E AT, T80 18 s R AR 25 1) AR A A R s LA, 2 AR B Tk SRR AR 2 I 2R R
JEAR, Rt SRR 2 R fe L ) A

T I AR NS R G BRATE 7T, 0F o [ AE G b R 2 4R 2R S 008 KR, R e SN R B AT SR, R E
BEER X, NRIRZGY 0 N S0 708552 T WS 1P o A

BRE PEARRE JLHAR R ZEER E LA, i HmaEEARRE, B+ -2+ mR T
R0 FRMCIUCATEIH ) CBURGHEB ) | (PR FEE 2.




