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Comparative analysis of root exudates between healthy and soft rot dis-
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Abstract: Soft rot is one of the most serious diseases in konjac cultivation, and there is currently no effective chemical
agents. In order to understand the relationship between the changes of konjac root exudates induced by soft rot disease,
the differences of root exudates between healthy (HK) and soft rot diseased konjac (DK) were analyzed by high- perfor-
mance liquid chromatography tandem mass Fourier transform (UHPLC-q Exactive HF-X). The results showed that the
root exudates of healthy and diseased konjac were significantly different, and 340 different metabolites were identified.
There were 9 special metabolites in HK, among which phenylpropane and polyketone compounds were helpful to im-
prove the disease resistance of plants. There were 7 special metabolites in DK, among which maltohexaose and lacto-N-fu-
copentaose III contributed to the recognition and infection of soft rot bacteria in konjac roots. Cluster analysis of differen-
tial metabolic pathways revealed that there were 212 metabolites related to metabolic pathways, among which the tricar-
boxylic acid cycle of citric acid was up-regulated in HK, higher than in DK. The research results provide a theoretical ba-
sis for the use of secondary metabolites in root for soft rot prevention and control.
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Table 1 LC-MS identification results of konjac root exudates

%) Metabolite FC(HK/DK) %4335 Superclass

227N BE Maltohexaose 0.395 AHEMLED

% ZEHE Maltopentaose 0.581 Organic oxygen compound

2,2, 6, 7-VU FH FE XU [4.3.0] nona-1(9), 4-dien-8-one 2, 2, 6, 7-Tetramethylbicyclo[4.3.0Jnona-1 ~ 0.557

(9), 4-dien-8-one

H #% = H# Manninotriose 0.634

27 2 DU B Maltotetraose 0.364

FLAHE-N- 08 111 Lacto-N-fucopentaose 111 0.493

Jii . £ B A i Dolicholide 0.506

7 2~} Maltotriose 0.611

3,4, 5-ZFR k- 6-[4-F2 A -3- G- AN I M - 10 56D 2R SIS SR e -2-FR IR 3, 4, 5-trihy- 1,676

droxy-6-[4-hydroxy-3-(3-oxoprop-1-en-1-yl) phenoxy]oxane-2-carboxylic acid

6-(1-ZR FF MR -4- 72 58) -3, 4, 5- = FR Bt -2-FR 2 6- (1-benzofuran-4-yloxy)-3, 4, 5-trihy-  1.673

droxyoxane-2-carboxylic acid

W IR E2 (0:0/16:0) LysoPA (0:0/16:0) 0.594 IEEIESFi

505 Solacauline 0.622 Lipid and lipid-like molecule

AT Neryl thamnosyl-glucoside 0.541

PE (P-16:0/16:1(92)) 0.466

T M AR BENEGR [18:2(9Z, 122)] LysoPC [18:2(9Z, 122)] 0.458

VYPITH# % Sarmentosin 0.631

1-E 30 %y B ERIEA 1-Linoleoylglycerophosphocholine 0.664

T LA AR EAE AR [16:1 (92)] LysoPC [16:1 (92)] 0.665

(2-Z4E 5 4% (2-Naphthalenyloxy)acetic acid 0.588 KR

2-FA S -9-2K 3k -1H- 283 -1-Fff 2-Methoxy-9-phenyl-1H-phenalen-1-ketone 0.664 Benzenoid

EFMRILTA Sulindac sulfone 1.710

3,4,5- =5k 6-{[5-FR Ak - 14- A2 -6- (3-F B {H -2-05 -1-38) -8, 17- 4 JU3£[8.7.0.0? ,? . 0.621 AT AN R

07,2 1Lk -2(7),3, 5, 11, 13, 15-750 -13-2E )58 58 At -2-F2 1R 3, 4, 5-trihydroxy-6-{[5-hy- Phenylpropanoid and

droxy- 14- methoxy- 6- (3- methylbut- 2- en- 1- yD) - 8,17- dioxatetracyclo[8.7.0.0?, 2.0??, ??]hep- polyketide

tadeca-2(7), 3, 5, 11, 13, 15-hexaen-13-yl]Joxy } oxane-2-carboxylic acid

FOKARFEIG R 4-TiER L Zearalenone 4-sulfate 0.603

6-{4-[3-(4, 5-—F2 0L -7-HUEAL -2, 2- WL -3, 4- A 2H- 1SRRI -6-55) 3N BEPRE 0.548

ey -3, 4, 5- = FE i -2-FR R 6- {4-[3- (4, 5-dihydroxy-7-methoxy-2, 2-dimethyl-3,4-dihy-

dro-2H-1-benzopyran-6-yl)-3-oxopropyl]phenoxy}-3, 4, 5-trihydroxyoxane-2-carboxylic acid

2-(2, 4- "R AL -S-HRUIEIRIE) -3-(3, 7- “HI R -2, 6- T - 1-3E) -7 R 0 8- (B3-H I 1682

{H -2-Jf -1-25) -4H- 1.5 -4-F] 2-(2, 4-dihydroxy-5-methoxyphenyl)-3-(3, 7-dimethylocta-2,

6-dien-1-yD)-7-hydroxy-8-(3-methylbut-2-en-1-y1)-4H-chromen-4-ketone

3,4, 5- =Kk -6-({15-H & K -13-54K -6, 8, 20- =5 11 3£[10.8.0.0? ,?.0? ,2. 0?2 ,2 2] 1.540

A -1,9, 11, 14, 16, 18- /N M - 11- H} %) % St - 2- B2 R 3, 4, 5- trihydroxy- 6- ({15- me-

thoxy- 13- oxo- 6,8,20- trioxapentacyclo[10.8.0.02,?.07,2.0?2,2?]icosa- 1, 9, 11, 14, 16,

18-hexaen-11-yl}oxy)oxane-2-carboxylic acid

PR 5 I Guanosine diphosphate adenosine 1.903 AT IR S A

— PR ADP 3.706 Nucleoside, nucleotide, and
Y N, ) ) analogue

JRE R -N- L= A F Z 4 Uridine diphosphate-N-acetylglucosamine 1.694

N2- 214 - %2 N2-Acetyl-L-ornithine 1.606 F WL B AT A4

S FIEEH 2% Behenoylglycine 1.960 Organic acids and derivative

[R) 374 % Homospermidine 1.694 BIEMNED

N,N’-XU(3-ZFE R FE) JEE % N, N'-bis(3-aminopropyl)butane-1, 4-diamine 1.687 Organic nitrogen compound
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Fig. 4 Venn diagram of cations(a) and anions(b) of healthy and soft rot diseased konjac root metabolites
R2 BRSURERETFEKRERRRSLYE HMDB FHELR 7 %K
Table 2 Hierarchical classification of differential root exudates for healthy and soft rot diseased konjac in HMDB
(w7 HMDB —#42
Metabolite HMDB superclass
HE L Tuberoside L BN N84T Lipid and lipid-like molecule
6-[(1Z) -2-F23E -3-5804X -1 5 -1-9%] -7-F 40 2H- i -2-R R AR
6-[(1Z)-2-hydroxy-3-oxobut-1-en-1-yl]-7-methoxy-2H-chromen-2-ketone Phenylpropanoid and polyketide
It 5T Equol
3R -3 U AT B R 3'-Amino-3'-deoxythimidine glucuronide Wt AR S 2B
SRR R ADP Nucleoside, nucleotide, and analogue
94F "R I ¥ Guanosine diphosphate adenosine
Fii 4P B Buddleoflavonoloside -
4-0- WL -13- & Fi # % 4-O-Demethyl-13-dihydroadriamycinone -
TR Cytidine diphosphate (CDP) -
35-% 3 -30, 31, 32, 33, 34-/% [ 35-aminobacteriohopane-30, 31, 32, 33, 34-pentol -
B H I (18:0/20:4(8Z, 11Z,14Z,172)/0:0)DG(18:0/20:4(8Z, 11Z, 14Z, 172)/0:0) -
ML ARIEAR AR (16:0) LysoPC(16:0) -
7,8- &K Iy 9-[ B ZEHE AE-(1-> 6)) -7 & E ] 7, 8-Dihydrovomifoliol 9- -
[rhamnosyl-(1->6)-glucoside]
27N B Maltohexaose HHLEA AP Organic oxygen compound
FLBE-N-75 4 111 Lacto-N-fucopentaose 11
M AR BEAR B[ 18:2(9Z, 127)] LysoPC[18:2(9Z, 127)] 2255 F Lipid and lipid-like molecule
R AT B
Note: — indicates that there is no superclass about the metabolite.
®3 BREFERBHREFRANHBRIRR
Table 3 Annotated metabolic pathways of root exudates for healthy and soft rot diseased konjac
28— First category 28 2% Second category 40 H Number
ISR SY S JIE%i1% Membrane transport 13
Environmental information processing {544 S Signal transduction 4
BEE B AL 18 43 FFPEf# Folding, sorting and degradation 1
Genetic information processing H1% Translation 7
AR Metabolism TR Amino acid metabolism 48
JoAt R A=A A 40 7 Biosynthesis of other secondary metabolites 28
FEARU Carbohydrate metabolism 17
HE =X Energy metabolism 7
AR5 Lipid metabolism 34
Al BOIR 7 R4k 2E 2540 Metabolism of cofactors and vitamins 16
HAh S FE R 14X 18 Metabolism of other amino acids 14
G AN 2 [ 240 5 P11 48 1 Metabolism of terpenoids and polyketides 8
R Nucleotide metabolism 15
Total it 212
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Table 4 Metabolic pathways involved in differential metabolites

2 R FC Bk oK SR G
Formula Metabolite (HK/DK) First category Second category Pathway desciption Pathway_ID
CisHiNOsS SR HEZAMR  0.878 AR TERMZ RGNS TORRAEW A map00908
S-adenosine Metabolism Metabolism of terpenoids and ~ Zeatin biosynthesis
methionine polyketides
CHisNsOwP, W2 ADP  3.706
C4HsO, FFEIR Citric acid 1.433 Wil bEAC FrRETRAG IR map00020
Metabolism Carbohydrate metabolism Citrate cycle (TCA cycle)
CsHiNLO; JRER Uric acid ~ 0.801 Rt AR MRS AR map00230
C,H.N:O D% L Jl I A 1.090 Metabolism Nucleotide metabolism Purine metabolism
2-hydroxyadenine
CoHiN;O4 it A 0.780 W A3 it ipes ABC #izHH map02010
Deoxycytidine Environmental Membrane transport ABC transporters
C.H,NO, L-RODEEM  1.157 information processing

L-aspartate

3 Wit E4iR

SRR, R R WYY 3%+
9 T RH LA P R M2 T A 27 o 2 VF 22 9 i
2w EHEE T RIR N B E Ty
Ao Chen Z5"HE ST R I, YUK BT IAR 2 20 W6
VB SR B D R R AR T R 7 A AR A
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