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Abstract: Root rot severely restricts the sustainable development of Astragalus membranaceus var. mongholicus
(AMM) industry. Resistance breeding is an economical and environmentally safe way to manage the disease and its
key lies in the obtaining of resistance indicators. This study aimed to quickly and accurately screen the resistance-
related (RR) metabolites so as to provide reference for the screening of indicators of AMM breeding for resistance.

LC-MS-based targeted metabolomics and real-time quantitative PCR technology were employed, in combination
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with multivariate statistical analysis, in analyzing the dynamic changes of phenylpropanoid metabolites in AMM in

response to root rot pathogen Fusarium solani (FS) infection and identifying the differential metabolites. The
LC-MS method established showed high sensitivity; each metabolite had a good linear relationship (R > 0.968 9)
in the corresponding linear range of the respective standard curve; the recoveries and the relative standard deviations
(RSDs) (n = 6) ranged from 70% to 107% and from 1.2% to 9.9%, respectively. Obvious disturbances were observed
in the changes of the targeted metabolites in AMM infected by FS. These metabolites, compared with the mock-

inoculated (CK) group, showed different up or down regulation with time series. Calycosin-7-O-f-D-glucoside,

ononin, calycosin and formononetin were identified as differential metabolites, and they all belong to flavonoids.

The first three compounds were significantly negatively correlated (» < —0.97, P < 0.05) with the content of FS in

the root of AMM. As potential RR metabolites, they are helpful in obtaining promising resistance indicators for

AMM against FS infection.
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Figure 1 The changes of FS contents in the root of AMM at

different infection time. n =3, x £ 5. "P < 0.05 vs 0 dpi group. FS:
F. solani; AMM: Astragalus membranaceus var. mongholicus; dpi:

Days of post inoculation

2 LC-MS FHAMEN S BN E

f 6 8 S B I A 2 B S 13 B B AR AR A R AT
o 2y BIAR AL, 7E Shim-pack GIST ik b &% 20 4 {4
g, BRI SIS HIRETEE N, ZikX
Z R, M55 R B R TE 0.968 9~0.999 5 2 [a] (£ 1),
75 ¥ R AU i, 18 H LabSolutions #F, ASTM it 55
fEMELE, BAE M LhTH A3 20 B b4 2 & H R (LOD,
{5 R 3) FlsE B FR (LOQ, fEMetk v 10) WL 1. it
R EE oy M R P I IR 2, R 5 vk AT AR MR IE .
BEARIE S BT LE 3 AN FE K P (10.20.100 peg-kg') T
HE 6, A EMHIEZRAE 70%~107%, AHXFFR
W ZETE 1.2%~9.9%. _FIRSE R, BT e 7 1l
Ji AT H AR I E 2 E

SR IR 520 5 EERE AR AT I 5, LA F) 10 Ff

H ARAQY), BB 88 0 S A A & B o E L B
SR FEARAE R BT EIR K G T MR N E
R H BRI RR (1 2). Frb, 88 e B I 0 6
F TR B A O L T AR R S & DL 500 £
i B RE DN A TH 55 HAR AL W& B DUR R RERE I
IR MR B E R R E AR

x10° 2
1 ‘M‘
3 \“
1o s p l
3 I — f “
2 I — i — R
_§ — Tt i
= T f —
B
3 o ] .pw\ﬂ\,m,n__,,wn,;,,,,,g\,,,, I —
14 It
ft 1l
0.0 7 ©
L L ) O S S L B
25 5.0 15 10.0 12.0
Time / min

Figure 2 The chromatogram of control group sample at 21 dpi. 1:
Calycosin-7-O- f -D-glucoside; 3: Ononin; 5: Calycosin; 6: For-
mononetin; 7: Caffeic acid; 8: Ferulic acid; 9: P-coumaric acid; 10:
Daidzein; 11: Naringenin; 14: Liquiritigenin. 2: Astragalus saponin,

not included in this study
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Table 1 The detection limits, quantification limits and standard curves of metabolites to be tested

Metabolite LOQ/mg-L" LOD/mg-L" Linear range/mg-L"' Linear equation R’
Calycosin-7-O-f-D-glucoside 1.18 0.39 119.38-3 820.00 y=14086.90x + 97 966.00 0.999 5
Ononin 0.61 0.20 58.75-7 520.00 y=18522.00x + 122 915.00 0.998 3
Coumarin 10.77 3.55 31.25-4 000.00 y=20612.83x+2342.26 0.998 5
Daidzein 9.63 3.18 35.62-2 280.00 y=2376.35x+19 319.20 0.994 8
Calycosin 1.66 0.55 33.75-4320.00 y=11683.60x + 29 788.40 0.998 7
Formononetin 0.24 0.08 42.50-680.00 y=152581.00x + 915 438.00 0.981 4
Caffeic acid 13.51 4.46 48.75-6 240.00 y=2695.54x + 1 653.38 0.998 6
Ferulic acid 5.05 1.67 32.19-4 120.00 y=483.20x + 11.09 0.996 3
p-Coumaric acid 22.70 7.49 25.00-3 200.00 y=1999.03x + 5 668.22 0.997 4
Naringenin 0.29 0.09 35.06-3 780.00 y=10707.00x + 18 013.70 0.9973
Kaempferol 6.19 2.04 31.88-2 040.00 y=>521.00x - 1 887.59 0.987 1
Quercetin 139.86 46.15 125.00-1 000.00 y=609.02x - 63 430.00 0.968 9
Liquiritigenin 0.73 0.24 41.25-2 640.00 y=28351.95x - 1344.83 0.997 3
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Figure 3 Hierarchical clustering analysis based on the dynamic
changes of targeted metabolites content. The red rectangle indi-
cates that the metabolite content is up-regulated and the blue rect-
angle indicates the down-regulation of the metabolite content. CK:
Mock-inoculated plants with sterile water and was used as control;

FI: FS-inoculated group
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Figure 4 PCA analysis based on the dynamic changes of targeted metabolites content. A: CK group; B: FI group
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Figure 5 OPLS-DA analysis based on the content of targeted metabolites (A-D) and model validation results (E-H). A and E: 0 dpi; B and

F: 7 dpi; C and G: 14 dpi; D and H: 21 dpi

Table 2 The differential metabolites of FI and CK group. VIP:

Variable importance in projection; FC: Fold change

Calycosin-7-0-

Time . Calycosin Ononin Formononetin
Jdpi f-D-glucoside
VIP FC VIP FC VIP FC VIP FC
0 1.69 158 193 1.69 127 135 129 152
7 227 011 037 081 213 015 0.03 1.03
14 201 0.03 1.16 031 1.89  0.03 095 0.10
21 1.79 002 136 0.10 194 002 1.00 0.07
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UV ST A R 2R TR b S AR ) O AT E A 2
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Figure 6 The overlaid graph of the time courses of the differential metabolite changes of CK group (solid line) and FI group (dotted line).

A: Calycosin and formononetin; B: Calycosin-7-O-f-D-glucoside and ononin
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