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Analysis of metabolite differences in Sophora alopecuroides infected and non-
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Abstract: Phytoplasma is a bacterial pathogen that induces a range of symptoms in host plants, including yellowing,
apical necrosis, witches’ broom, phyllody, dwarfism, and floral changes. In China, more than 100 types of
phytoplasma diseases have been identified that affect important economic crops, traditional Chinese medicinal herbs,
and forestry. Witches’ broom disease, caused by phytoplasma infection in Sophora alopecuroides, inhibits growth,
causes seed production failure, and reduces yield, posing a potential threat to industries that utilize S. alopecuroides
in China. This study focused on the impact of phytoplasma infection on S. alopecuroides metabolites by comparing
infected and healthy plants using morphological, molecular biological, and untargeted metabolomic analyses. Our

results indicate that the phytoplasma strain causing witches’ broom disease in S. alopecuroides belongs to the 16Sr
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V-B subgroup. Infection significantly altered the metabolite profile of S. alopecuroides, with differentially annotated
metabolites primarily associated with environmental information processing, genetic information processing, and
metabolism, with the latter constituting 92. 38% of total observed metabolite changes. KEGG pathway analysis
revealed significant differences in the porphyrin and chlorophyll metabolism pathways as well as in the biosynthesis of
phenylalanine, tyrosine, and tryptophan. It is speculated that phytoplasma infection may induce disease symptoms in
the host plant primarily through changes in host metabolites. Alterations in these two pathways play a crucial role in
the occurrence of witches’ broom disease in S. alopecuroides, suggesting that infection reduces the photosynthetic
capacity of the host, leading to nutrient deficiency and decreased resistance, which in turn aids disease progression.
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Wi 5L (Sophora alopecuroides) TR IE 2 4F 4 WA R , 2R K 4% €8, Bk 7 30~60 cm, (B 5—7 1 1R
BOPR S 0 ZE S 2 B BRI R R AR B AR B, SOIRAE R T A MM, K 14~17 mm, SR 6—8
J R, B RDE M EDE | 520 A sk 6, 8 I € i R, X R R Rk R — R R K AR A
Yy, HCBF A= G5 8 22 43 A1 T e 15 R D T DX T b 2 T E VD B LT E D e B R AL | S 30 G ANV 3R T
R AE AR, LA R K Bl B ] A2, 44 S A W AR AR LR PR I S B T A
B RS SRR IIRC ERE EEAA TG TR CHN B E S O e U A e
M 28 AR 2 A LR A A TR AR BT B I IR 25 I, e A HOAR 2R B e S e A B, A
TSR AT, A s R TR ISR R o 3 7 A o 3 3B A Y B AR A S S A P T 3k 107 (A 1

HH JF A (phytoplasma) b — 28 5 k% & M2 A AR W), 250K 206 R | A= A7 T 0 W0 190 Bz 3400 0 455 & it LA R ol mig
X AR RS, R I ORI R G R AR RO o R A o RN
(phytoplasma effectors ) Hil 55 2F 5 A 4 1Y fo 52 DA 1A 8% , 2400 IH - TENGU AJ 7 3 5 EAE Y AEL JEAL S AER
B AEAE AR, TR B0 ) 45 32 38 #T AR (jasmonic acid, JA) &4 K & (auxin, IAA)E S5 S, R E5EF RPN .
Bk N iR R RS R E R R A MUALIE R I B B 2 D AR PROR S R R e
(Arachis hypogaea) WA F JE A (witches” broom phytoplasma, PnWB) 5| #2 48 A= MG , 76 T [ /e 7 46 A2 77 X & A
B, A A A FH [) 32 20 3 B O AR T R0 4 L, 7 B DR AR, 2R A AR i 78 /N R 2 B R A 45 951
FEE R A A B PR BRI SR R IR A 18 (Medicago sativa) &Y N I B 2 E T IR T B 0T 2 BUE
AR RR AR B /N, AR 2R I B R R, A AR A 5, AR R B R R BE AR R AR Y 1/4~1/2, R/
ANENIE R mE R0 1/3, 06 ™ 5 AT A, KR 52 AT RETT AL AH T AR 25 5/ %008 3 19 & 2B T W 4 A K IR
7T A T SR A R A

i 2H (metabolome) J& 45 40 i (A 20 8% B 808 AR AR N 9 BT A7 /0 23 7 A B (32 282 R0 % 23 7 4 72 1000
Da AN BN IEME/ N TR SEG o ARETEH 2 SR Ak S X 41 2 e s 9 R 1 BT 20 20 2 05 0 kel ok 1y 2= FF L 2 H
BRI 2 — o AR 2 7 R ST I — A W R ZR 7E 32 3 A W 08 s B 2F BRI 2 5ot 4% 7 B BUE S5 R T3
Ja , AN B A /Ny i (<C1000 Da) AR K S s 28 RN 19— T 2R Rt 2= gz - T F s Ay —
A= Wy 38 AR AR T e, RIS 2 A HOR © 3 R AR ) e B R R AR — e R B BRI R R T A
I 2o A 4 2 R 43 B R T TR S A AR 5 2 L T DL SR B — & B U A OC (resistance-
related , RR) I . Fh g T B DR A B8 R ( Xylella fastidiosa subspecies) 5 #2HIME (Olea europaea) 4 75 1R 25
A 1iE (quick decline syndrome , QDS ) /™ i FF AR ML 7 2, Anwar 55 LUIE S ) A8 4 40 A &% B, A3 HLIR A2 (e
BRI 2 T ) S MIORE R 1 LI AR AR A i LR A 2 X RO T TR AR A B & o Huang %6 E o AQ
2 X FEAS [F) P B 1 5 38 T oy S R A A DL S B A ) AT A B L AIE SR W e T B A T
Y Y B E NE wA <E AT <GS CEN S ety B N S SR
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H A6 3 4 G 1 F 5% T2 A v AR I PR 7 T 4 R Ak 2 A A BT TR a3 A 45 T, A AR
HAEIACE AR BT RE DU o peAh, AR 2 2% Ry 0F 58 T Be A7 35 W1 AR A DG i A L e b o A WF5R LA
DA 95 B 5 WL AR O S ISR G2, R AR I ) A 2 2 B R R I T AR 0 I TR RO DR AR Gk
TR RS R O AU ST B TR R AL S 5 S L
1 MR57HE
1.1 AREMBmL

5% DX 30 g 17 B A7 F B 5 TR0 B 36 M S5 78 i, K L K b 3 B, o ES IR b P e 2 B TR R . A
85°40'00”—86°31"32" E,43°21'21"—45°20"00" N, pg 4t 5 KK FE 241. 7 km, 7R 7§ 5 K 98 BF 88. 7 km, & 1H 1
11067 km®. 3540 0 B iy 34 pig = JU A, 2R B 1) v G000, b 55 43 i 0 Ll DXL i o BT S G Y I = R 4
J& Tl KEGPE T R TR A, &R ZERM, TEADW, TR, &k EK, KD AEFERR
8.7 °C,AF MK E 237. 7 mm , 4F 2 H B 5L 2569. 0 h, 4F e KLU B 25 em, 4F i R H 3 75 em.,

1.2 #ARKE

T 50 MR E B 8 4 R A TR X T U A IR N 35 40 B BTG 2 B 5% 0 4 Ak R BRI B (44°207 007 —
44°40'00" N,86°20' 00" —86°23"00" E) , 4 I = Z P AH A 46 ( Gossypium spp. ) , 4 H i Bl # 48 2 A7 B A= AR K )
T I 20212023 4F % 2 WL GE K By 21 L I NSO B A R A AR B I, 32 SR I O AR A AR AR T i ik B
b 3t B BB SRR o AR DA e A AR R (R R SR B R (R AR L R R A ) R R A R AR
B (A6 100 A6 78 0 52 ARG i 2 10 1 B 85 B8 ) 4% 44~ (5 m X 5 m) |, BB iR AR 8 5 A /NEE b, A
INEEHE R AR SRR A& REREMITE S R K T 8T T8 1L 2 em /N IR GBS G S A AT, %
A TG WA B 05 R G R 5 T ks fin HEAT I o ft R B LR A R 43 00 FH CRA LCRB R 3R .

1.3 XBAELXA

A YA I8 A 2% 4 F A8 [E] Thermo Fisher & i A9 Q Exactive™ HF/Q Exactive™ HF-X #I 5 i %1% 5 Vanquish
UHPLC #5384, L} 32 [# Thermo Fisher &t i i Hypesil Gold column(100X 2. 1 mm, 1.9 pm) &5 @ 3% £ 1
5 [ Scilogex i Y D3024R K15 AR I 250 AL o 156 1250 I BE (4 L) W2 (50 mL) (R & (50 ) ¥4 ] 56 1=
Thermo Fisher fif J# , 4l i 5 LC-MS Grade, 7K (2. 5 L) {fi A 78 [ Merck & i, 4l 5 LC-MS Grade.

1.4 XB7&
1.4.1 R E %5 E o252 e Al B 51 B85 (FET TECNAT G2 12, Thermo Fisher Scientific, fif 22 ) % 9%
JER AT S ER , BIR B B S 2 2 Y I ot

Oy TS FREBUBOR W S TR AR 21410, 1~0. 2 g, R I CTAB B2 B DNA, F| ] ThermoND-2000 4 43
J6 9% B i+ ( Thermo Fisher Scientific, 2% 22 ) & il $2 Bt DNA ¥ B, DNA 5¢ 5 M FH 35 i 0 58 e el 5K 46 I, & 4%
DNA & F —20 ‘C{ £, 16S IRNA Y S % Lee 1 7 ik, 519 R16mF2/R16mR1(CATGCAAGTCGA
ACGGA/CTTACCCCCAATCATCGA) Fl R16F2/R16R2(ACGACTGCTAAGACTGG/TGACGGGCGGTG
TGTACAAACCCCG) , #17 H# PCR ME X PCR& M . F#2 PCR:10X 2.5 pL. PCRbuffe .10 pmol-L "5 4 |
10 mmol+L "dNTPs 1 pL. .5 U-pl. "B A 0.5 pL DNA &M 1 pl. 3 PCR YR B 3045 5 B 1wl 7l &
. PCRBH, X7 & A 447 . 78 NCBI A Blast Fo Xt [ U541, 8 MEGA 7. 0 #E47 BEAL R 22
1.4.2 R4 H 1) B 100 mg M F 1R SR i A B S BT EP & o, A 500 pll #8980 %% P B /K ¥ 5 2)
W ETR W, VKIS % 5 min, 12000 remin ' 4 CE L 20 ming 3) H— & 5 10 15 W, NS oK B 2 WL & =
53% 34)12000 r-min ' 4 ‘CE .0 20 min, Y8 T3 W, 5 FEBCA 635 — 3% 8K FH 4% R (liquid chromatography-mass
spectrometry, LC-MS) #4543 47,

1.4.3 (A5 {5, 315% 41 2 HypersilGoldcolumn(C18) , A 24 40 “C, i # 4 0. 2 mL-min 5 IR 3 AH A
RO, 1% WL, W ShAH B S I RS R 3 A A S 5 mmol- L B R 4% ,pH 9. 0, i 3h Al B Jy B, (535 46 32 DRt
BT £,
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4.4 Uil & 4F 186 B 2 £ m/2100-1500; ®1 BERERES
ESTE ST, w5 EE,E(SprayVoltage) .3.5kV; Table 1 Gradient elution program in chromatography

#5 S 9t # (Sheathgasflowrate) : 35 psi; 4 B < it R Time (min) ACD B oo
(AuxGasflowrate) : 10 L-min '3 B F1%& 4 & 1 ( Capill- (1) . Zz j
aryTemp) , 320 “C; B 13 A4 H1 °F- (S-lensRF level) : 50 15 a5
60 ; 4l Bh AN #4245 1 B ( Auxgasheatertemp) : 350 °C; #% 10.0 0 100
4 (Polarity) : positive . negative; MS/MS — % 49 {fi & 10.1 98 2
B K #5145 (data-dependentscans ) o 1.0 o8 2
12.0 98 2

1.5 LM

Z e G it o3 A iR 43, A A AR 2H 2 H 0 A 3 1
metaX""™ X # H JF A7 5 e )5 UE A7 3 43 43 B (principal component analysis, PCA) Al i 5 /N — 3¢ 35 31 51 4 #r
(partial least squares discriminant analysis, PLS-DA ) , #f Ifi 4 5 5 A~ 8 9 19 38 52 85 %248 i (variable importance in
projection, VIP) B o B 5 43 A1 &8 43, T o 6 50 ke 11530 & A 40 72 9 20 1|) g k22 1 2 1k (P (ED) L IR S AR )
TE W 20 8] /Y 25 55 4% %1 (fold change) B FCAH . 25 S Q3 4 0 326 1% 8RO #5 fE y VIP>1, P{H<<0. 05 H FC=2 1%
FC<C0.5., MK R4 ggplot2 #7241, i H KEGG i 4 Sk iF 58 AR5 i oh g S5 AR & 48 16 o/ n>>y/n it}
INHZEERE L. K o URTER ERBEE D ARSI T WA ECE  n R AR T
AP ) S y B RS T, 5 — AR S A T AR 5 i .
2 HRE5SW
2.1 RRER

KB NEL AL AR IE R W Y 8 G 2 2UTE O G OB T WSS, TV UL %€ 3 20 21 b i BROF A B
TE S HE 0T AR A R (B 1A) o 5 87 38 7 91 £F NCBI _E 9547 Blast 824 , 3545 19 16S rRNA JF 41 5 3% 5 17 “
A SR T Ak SHZSAL 16S # /A RNA J£ 8 (Gen Bank # 5% 5 : KC331044. 1)L, % 4 ik b W 45 52 R 1%
Ji T 55 8 L DA A SR Sy — S R B e v, DA 5 0 D TR Dl 16ST V=B I ZH A B (T 1B) o

100 | B2 BRI R ASHZSALL (KC331044)

Sophora alopecuroides witches-broom phytoplasma SHZSAL1 (KC331044)
79 KDZ
88 7 5% i J§ fAPassWB-Br3 (GU292081)
Candidatus phytoplasma sudamericanum PassWB-Br3 (GU292081)
78 ok 74 K A7 78 4t €4 4 5 7EMaPV (EU371934)

Malaysian periwinkle virescence phytoplasma MaPV (EU371934)
99 FrIH A SR A CirYS (KR869146)
Candidatus phytoplasma cirsii CirYS (KR869146)
KA ALY DM-178 (KF751387)
Candidatus phytoplasma palmicola LYDM-178 (Kf751387)

51 H 5 JFAARID7692 (MT536195)
Candidatus phytoplasma dypsidis isolate RID7692 (Mt536195)
33 5 18 74 1 25 5 A A4 BCS-Bo (LC228755)

Cocos nucifera bogia syndrome phytoplasma BCS-Bo (Lc228755)
R A JRAA 5 V5 FINCHU2014 (CP040925)
100 [ Candidatus phytoplasma australasiaticum subsp. tai NCHU2014 (Cp040925)
L w0 PR 34 (CP097206)
Candidatus phytoplasma asiaticum PR34 (Cp097206)
FHUTIA B N5 /4 S0y ST1c1 43 Bk (HQ225630)
100 Candidatus phytoplasma costaricanum isolate SoyST1cl (Hq225630)
JIEAEAEJFAABY-S57/11 (IN833705)
Candidatus phytoplasma convolvuli BY-S57/11 (JN833705)
HEAHE JFAAPG 49 (NR044662)
Haploplasma modicum PG 49 (NR044662)

1 FRENEE

Fig. 1 Identification of pathogenic bacteria

2.2 HERE
3 3 B 3 BT 5 B QC BEAR 18] B9 Pearson A 56 2 0 0. 98~0. 99 ([ 2A, B) , LW BEA L B0 o 1 AT 4 . IE
BT PCLUTHR R R 74.82% ,PC2 5T lik %8 h 7. 93 %, M BT Hk % 82. 75% ; fi B T i X F PC1 wi ik & N
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85.12% ,PC2 5THk R K 6.59% , B oTlk 2N 91. 71 % (4 JER 4 . QCHEA S A A A FEAS A ) 42 PR, HL W] — 21
FEA T B AT (] 2C, D)o Z84 QC K PCA 20 81 o] JUAS B 58 B A B0 o i v] 5, ml e — 25 647 0407

A
pos QC3-
RZ
1.00
0.99
pos QC2- I 0.98
0.97
0.96
pos_QCl | ...
- i - 8 N
& & &

o%/ o%/ 0%/
D g
Cio
5 &
s o
g o g °
o [o\]
2 g 2.5
5
2 Class
-5.0 - {i# FE M Pk CRA
10 °10 - J& 5 fE Ik CRB
OJ)I o)1 -o- Jii F 4% il QC
r o]0
75 i . .
20 <10 0 10 20 -10 0 10 20
PC1 (74.82%) PCI1 (85.12%)

2 TEAHBHEERESN

Fig. 2 Data audit analysis of different samples

AFNB 735 1E T A 0 TR QC AR Z [y Pearson A 5G4 3t 5 C D 43531 2 1 8 7 A B 8 7 B8R AR R RE A 2 18] B9 32 12 70 Mo A and
B represent the Pearson correlation analysis among QC samples in positive ion and negative ion modes, respectively; C and D represent the PCA among

different samples in positive ion and negative ion modes, respectively.

2.3 ERHOM

TEIE B FRIUT @R 3 M TESE 2 3R R BN /- i 7ESE 1 A R IR, PCL Ay TTRR K 65. 4200, PC2 1Y BT Rk
FR9. 4600, MBTHRE N 74.88% (B 3A) . M B FHRIN ,PCLAY DTk H 73. 222 , PC2 M STHRE N 8.79% ,
STTHRCR N 82, 01% (I 3B) o WG T T F e B A R 00 R4 00 20 B B R R AR B 7R 45 41 95 %
A XD, R M R A A T R IR LT LR B 2 R L B
2.4 R AZFREHA AT

FIH PLS-DA #E N7 AR AT IR 41 X B2 R 5 9 75 4 11, Ty U0 b, 28 W B % B o L AR
HAREZER . B ARS8 R AR B R, 2 RUR B 3% PLS-DA R R2Y #4928 1. 00, Q2Y ¥ K F
0. 9,78 PLS-DA B A% 5 ] 5, Fi 00 M R4 (F 4) .
2.5 EFRHMMHL

2 S R ik E B S % VIP FC M PH 3Z 80, @ B(EH N VIP>1.0,FC>1. 58 FC<C0. 667 H P<<
0.05" ", IE BT f B PR T 4000 4 3 670,364 AR, 3 25 SR A o BIAT 361 . 217 Fp, Horp e B
TR A 223 %0 LR AR 138 B0 T AR, 5B R A 126 B0 BRI 91 R R IRAR I (K 2) .
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% Class -o fi FEH8 #k CRA - J&Jj 1 ¥k CRB

A B
20 A
204
10 A
(=)
E,E 0 o % 0
(o] e [
©) j O
~ 110 1
20+
220 4
-20 -10 0 10 20 -10 0 10
PC1 (65.42%) PC1 (73.22%)

B3 AEHEFEMEPCASH
Fig. 3 PCA analysis of different samples
ACHUB 43 531 Ry 1 B F R AR B R 2T R RE S RIEROR B 5 A PCA 43T A and B represent the PCA analysis between CRA and CRB samples in

positive ion and negative ion modes, respectively.

% Class -o fi FEHE #k CRA -o J&J§ 1 ¥k CRB

A w0l B
20/ _
S g\i 10 -
e N 1 5
{d, 5 < 6
6 o 4
50 7 z ¢ 2 8
% 8 :
i a 7
= &.10 |
2204
R2Y: 1.00, Q2Y: 0.99 201 R2Y: 1.00, Q2Y: 0.99
20 -10 0 10 20 -10 0 10
PLS-DAI (65.42%) PLS-DAI (73.22%)

B4 AEAEEREPLS-DA S
Fig.4 PLS-DA analysis of different samples
AN B 4301 1 B A0 G B A 2R gl AR T R B 19 PLC-DA 43 BT . A and B represent PLC-DA analysis between CRA and CRB samples in

positive ion and negative ion modes, respectively.

2.6 EFRM A E H ®2 ERREWHLER
R 43 BT AN ) b 240 20 114 R 2 e ?E‘iﬁﬁ Table 2 Differential metabolite screening results

15 0F 2L 2 1A 9 QI 90 77 4 % 5. fE CRB et AR e LR T
. . . L . Pattern Total me-  Differential ~ Up regula-  Down
vs CRA #ZIS EP ’ EEE ] ¥‘*%it—l: 361 iFtPEﬁ LA %llﬁ tabolites metabolites tion regulation
22 S W AR b 2 AR X T R 2 1 A A 8 7 Positive ion 670 361 223 138
Yri 61.77% Wk 19 1 38. 235, fE B AL T 8 T Negative ion 364 217 126 91

217 Fp BA W 1 22 S A v o 2H AR X T

B 239 Jn A AR o7 58. 196, A B 41. 9% (&1 5) o

2.7 RMBHB A EER

2.7.1 KEGG i it 53ty R KEGG 808 e v B, o O TS £ 2 08 = KRB Thhe , B 55 B AL 3
(environmental information processing, 18, 4. 42%) .i# 14 15 B Ab B (genetic information processing, 13,3.19% ) #ll
PR AR (metabolism, 376, 92. 38%0) , lR 462 5 B (9 AU A, 407 R A A T 1 — 22 4] 23 T 14 2 KEGG 3l 1
TEIEE P T A 3R Y 2 515 55 S @ %, SF R Y 2 5 AL faad g%, 7 AR Y 2 5 B i, 1 AR
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JE7 I R CRB .vs.fg ¢ #k CRA JEW fH Pk CRB Lvs.fd FE A #k CRA

5 ERKEHMEEAE
Fig.5 Heat map of differential metabolite clustering
AHUB 43 531 O 1E B8 A G Rs  A T i BREARE  RLEOE AR 1 25 S AR RSB . A and B represent heat map analysis between CRA and CRB

samples in positive ion and negative ion modes, respectively.

WY S 59 & SR MBE A E 10 F Y 2 5 8 TR AT %, 12 R AC 5 2 50 28 A 20 R 2 9 A0 % L 8
T AR ) 2 5 At 5L 1 ) A E %, 10 Al Q¥ 2 5 5 B BX 7 0 4 A 3R R0 AT a3, 13 A AR ) 2 5 IR B At
HiE e, SO Y 2 5 2 5 R R Y I, LA 4 2 5 RE AR ShE B L 5 M RBH ) 2 5 Bk AL & 4 A E
34 FMCHE Y 2 5 HAL R A 0 A= W& RGE i, 37 R AR 2 5 S B IR A E % s 7 0 8 T U T A 1A AR
WS 555 % a6 # Y = 5 ALt i, S MY 2 5 B %L S AR 2 5 A R AR i L 3
FARIE Y 2 5 i 2 0 22 W 26 it AR EE L 7 RIS 2 5 Al A R R 1 A % L O AR 2 5 Rl B I A4
A= 2 A O R 2 5 BE B AR E %L 61 AR Y 2 5 4 R BRI YE L 5 AR 2 5 fg i AR e
B, 21 R AR 2 5 koK A& W AR SHE L 21 A 2 5 H AL AR A 1 2R W6 nE L 25 PRI 2 5 &
LR AR E (18 6) .

RGBS LR 2 KEGG i g% =0 18 (B 7) MR8 o/ ORH AR 353 % v 22 S A 4 i %0 H /i i o
S BRI H ) B P, A BRI £ 2 AR A R R (I SR L R AR G BT B 2 R T
HEAT T HE— 2B 2 #T .
2.7.2 NN OHORT I 5 3R AR TE N bk i 2 R AR 36538 #% (&1 8) |, nh ik J5 (porphobilinogen) | L- 4+ % 2 (L-
glutamic acid) . JfL Ih Mk [X (protoporphyrin [X ) B 2T 2% (bilirubin) iy 22 S AR 4, B&0G 2H b bk I 5 & Lo £ BRE 4 7
1. 43485, s 41 JEEnb ok IX 7 6 Lo fg e 2 =5 10. 90 4% , B AL IR 40 28 & it e i B 4 = 7. 40 4% s il R 4 - AR & it
eI 41 55 9. 2075 (£ 3)
2.7.3 RINER W2 R AE R A K TER TN 2R | T 2 1R R €0 2R 9 A 6 i % b (181 9) , D=k
#E M -4-1% TR (D-erythrose 4-phosphate) | L-f#% & ik (L-tyrosine) ,L-4% N & ik (L-phenylalanine) . %% (indole) ,L-{%
W2 (L-tryptophan) 24 2& 5 AR Y , B 2 D- % B84 -4-B 2 2 1t LU (e B 2H /&5 3. 36 i, J% 21 -8 2R 7 & Lb fdk
FRELHL R 1. 6017 5 filt BE 2 1- 1o S M & ik EUJBOR 4 755 2. 85477, e HE 2 1 - 7N U & &5k LU JER o 20 1R 4. 26 17 , fekt B 24 s
W B i LU RO 4H R 4. 005 (£ 3) 6
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W EE{5 BALFE Environmental information processing
{55 %63 Signal transduction
JIEA% % Membrane transport

1E & T Positive ion

(5 B AL 2 Genetic information processing
#Hl1¥ Translation
Y& /ISR f# Folding, sorting and degradation
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Table 3 Metabolite changes in some metabolic pathways

R4 Metabolite D it A #R CRA B R bR CRB FC=CRB/CRA
HR IR S Porphobilinogen Com_11857 _neg 26533130. 21 64482547, 45 2.43
JE Rk IX Protoporphyrin IX Com _2543 neg 3804321. 43 45306217. 92 11.90
4T Bilirubin Com_6145_neg 19186067. 00 161795366. 00 8.40
L-4 &2 1.-glutamic acid Com _12661_neg 175614518. 60 17230857. 15 0.10
D-75 #E % -4-B R D-erythrose 4-phosphate Com _12658_pos 481393. 16 2098673. 97 4.36
L-4 %02 L-tryptophan Com _8850 _pos 2216018. 31 5757659. 85 2.60
L-Fi% % iz L-tyrosine Com _203 _pos 1769276119. 00 455236147. 10 0.26
L-ZK N &R L-phenylalanine Com_21_pos 11760291258. 00 2213525450. 00 0.19
15[ Indole Com_250_pos 1378106746. 00 272702018. 80 0.20

1D #3 AT Identifier; FC .« B0 A AR A FE AR AR A9 10 9 & & A9 L {E The ratio of metabolite content in CRB and CRA.

1o PR 52 38 B9 T 32 7% , Uniconazole[ S-(+ ) -uniconazole ] W it i 3 48 5 i 5 Ahobk A it 2 Z AR D6 A 16 .
E A AR AR AU DA R R A S e S SC L I K3k . Martins 55 USRS IR 8 Pseudomonas syringae
pv. Actinidiae (Psa) 5| & B iRk (Actinidia chinensis) 5t 97 95 0 WF 58 X5 G % B, BHE5 1 IR Btk Tetra-Py " -Me A] fE
NG HUR (photosensitizer) = B 73 BEAT 9 It 18 1Y B 16, IF 378 Psa A7 A= Hudk HH5 2 00 JeURAT 1 25 B0
YEM o J6a Ve R AR 1E H A KR T S 2R B R 4 (A 9y ot 56 i 0 B 1k S Fy T I 4 3R R A W BE AT & M TR
WER MRS R EEEWECEENRS ., R 2l ENELNLEY SOt OR, SHYERZ .
WAL RE B 2ok A K e FROIR B0 B DA G, S R AR W) AR N B R AR A B IR — B LT T R — IE (0 K Jit— PR b bk
Ji T — A B X — 5% Ji M bl IX — Jit i £ 3% TR g — 2 3R a—> & 3% b, O AR ] — 4> 1 482 52 ) 52 ey 41 2 BEL A i 4
F A5 BN T R AR AR P A BRI o R SR 2 3¢ B B A6 I8 M L Ferruzzi 557 W1 93 38 W AR S it it 2 1 b AT 2R )
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