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Effect of Aureobasidium pullulans PA—2 Metabolism of
Chenopodium album Leaves

GAO Hanfeng’, YANG Ying', CHEN Hongyu, CHENG Liang™, GUO Qingyun"
(Academy of Agriculture and Forestry Sciences, Qinghai University/Key Laboratory of Integrated Management of Agricultural Pests
in Qinghai Province/Xining Crop Pest Scientific Observation and Experimental Station, Ministry of Agriculture and Rural Affairs,

Xining 810016, China)

Abstract: To clarify the effect of Aureobasidium pullulans PA-2 infection on metabolism of Chenopodium album
leaves, the metabolomics method based on liquid chromatography-mass spectrometry (LC-MS) was used to analyze
the differential metabolites in C. album leaves infected by the strain PA-2. Through orthogonal partial least squares
discriminant analysis (OPLS-DA), a total of 187 metabolites with significant differences (VIP>1 and P<0.05) were
screened 24 h after the treatment of PA-2. Among them, 148 were up-regulated and 37 were down-regulated.
Adenosine and betaine can be used as the main biomarkers after 24 h. KEGG enrichment pathway analysis
indicated that these differential metabolites were mainly enriched in 3 metabolic pathways, including global and
overview maps, amino acid metabolism and carbohydrate metabolism. The obvious changes in purine metabolism,
biosynthesis of secondary metabolites, amino acid metabolism and carbohydrate metabolism in C. album leaves
may participate in the PA-2 infection to C. album. The above results provide a theoretical basis for further research
on the biocontrol mechanism of PA-2 infecting C. album.
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et R ANV A PR (AR T2 #E Chenopodium album 1545 553447 250 AR A,
SEE I FARIMIX 25 FRVEDP . BT H EW AR, BAEAEE, Vo b, A3, BN
FERHRUSCER, LS4 R TR B A s P, AR R H TR R AT AL R
Jrikz -, BB AR G AR, A E R T I 2 SRBE S Y Y, A
BHTANEREEE A 24, HEHATERLE, P AEPMEILRIG, S TR EDZ R, RIS
R AITCA R R e it 7SRt . PRI B PA-2 2 US4 B A i b2 B
—FREE, AHIHZRARECREYE . T MR IR AT TR, ORI % B B R R T
EF] 78.46%, o LR ATIE S R R B VA E A I R SCHRIRAE . IR R LR Ascochyta
caulina 3 H AT IREFHIBREERCAOT, A% BL 1 SR II R A 15 20 e R4~ DI A IR AL i 5 41 T
359 S LG ) e A SR A, B RN SE R AL, NI P AL T . Evidente ST KL
Phoma chenopodiicola 774 I BAF . WRIRF 7 O 2B 2 A A B EEEM . 2 A 85 1w 2
—RRIERF RGBT, N T 2 ARk, Herptim A gt s+ BTG oy ik 2 4 b e
S99 DL TR PO A R R T T, LA BT SBIR 22 2 55 D 8 4 < 2 TR R R 23 R 4t SR S H 2 S ol v
1R A3 5 T AR 2 AR b e R 52 15 S S A R T 2548 A0 B Ak oA 9 A A A > 1), (EX ST 5 i R e 2
TE5Z 31 PA-2 = GL IS HILAZR A IR L6 AU 00 B2 A0 263, AR AL 2 BB 9 TR SR i i, A2 2 [H],
R = W0 23 A S fie S AR R AR BDIRAS, A B TR IR G AR 8 B 1 AR A 15 e (HE, RT3
2908 S R AR G AU ZH 2 BT ST RN DR o ASHIE ST R A e R R g A UM B, R A - s I R
(LC-MS) BHATARM L2200 0T, LAHE R PA-2 (R Q22 MARIALIE],  PA—2 A4 il 37 7 o e B e 3
W%,

1 #MRE5ERZE
1.1 RIEM R

AR AETT I MBS AR DS I8 b AT R 4% 2 R Sck U kAT, R o0
ARSI S ARAF IV H 2R AR R 18 PA-2 R T PDA K5 7R3k rh, T 28 ‘CHHIRKTFE 5 d, AR5 F T FLA ( ©=8 mm)
TE B TR IS DR T 259 50 mL Fh19% CRIZ58E 20.0 g/L B i 20.0 g/L FERER RS 10.0 /L) ) 250 mL
FIFETCI N, SEANETE LR 1 ANEEDE, ARG T 25 'C. 180 v/min FIFEIR L1537 3 d Ja iR B -

R, CE 10 NAR 20 om IR BRSO 3~4 MHHIEEY) 5 b, MREASINKE 8 i
I, H5 PA—2 RIEERFRE S FIRE A 10°~10° i 7/mL, R G HERL 20 mL, 4550 5 204 ik 4L,
FIHh 5 TR ER 20 mL JCHEKAE A, CREFAICEETE 60% 4547, WEA 20 'C. B 24 h J5 R IK
oA I RS, SRR RN AL R, B R A i SE RN T A R T TN—80 C
IR VKA T R A7 & H
1.2 R FERF

= RO A (SE[E Agilent 24 7] UHPLC1290 %) | Jiiii4% (3£ [E Thermo Fisher Scientific 23 7] Q Exactive
Focus 1Y) | fikiE 2500l (35 [H Thermo Fisher Scientific 2\ 7] Heraeus Frescol7 ) . H 7 K~F ({# [H Sartorius
/N BSA124S—CW AL | WFEENL (_Eiid45 28 7] IXFSTPRP-24) . iB4li/KHL (4 [E Merck Millipore 23 7
Ming che D24 UV #9) | {4 1%F: (35 E Warers 24 7 ACQUITY UPLC HSS T3 #; 2.1X100 mm, 1.8 m) .
HlE. i Ok, HIR¥YIEAMEE CNW A+, 2-8-LRANER CHigENEDRE AR .

1.3 RIEAE

1.3.1 BRI K 50 mg FEMEN EP & . N 1000 pL AHUE TG CZBE—FHEE—K, 2:2:1, SR ,
PERESIANE 30's, LA 45 Hz £&1E25116 4 min, SR)GEVK/KIE TPl A $2E S mine A1 RS 3 K, &
JGE-20 'C W H 1 h 5, fE4 C. 12000 r/min .0 15 min. B 100 pL _E3EWT 2 mL $ERE/NEH, 3547
UHPLC-QE Orbitrap/MS 43 #7 .

132 BREBAEAH  RAGAR ST SO A =i AT o B . iS4 fh: BhAH: A=0.1%
PR +5 mmol/L ZFREE 7K, B=C M. PEMERE ¥ E N: 0min, 1% B; 1 min, 1% B; 8 min, 99% B;



288 hOECE Y B R R %37 %

10 min, 99% B: 10.1 min, 1% B; 12 min, 1% B. ¥4 0.5 mL/min. ZEFER 2 pLo Bl fF: A H
525 & 1Y (ESD , #7U J0 310 kPa, Hih UAWE A 5 L/min, BAEEL N 320 C, £F0HEH (MS)
S¥3EE ) 70000 FWHM, MS/MS 43#8%4 17500 FWHM, filf i fg 56 54 20, 40, 60 eV, MWi55 ik b4
54 3.8kV (BHES 7). K-3.1kV (B0 .
1.4 HIEZKITS S
141 HEAEEHEHE T ProteoWizard FAEH K AT MS JRda%dE Craw) TR mzML #%X,
JFiEIE R B XCMS (3.2 b AbFREYE, ACPEE R LT O/ B I TR 5%, DEEASri R U TC SRS 4R DLR
Pt e . FEAR Y 5 & — MR > T — AN T A FEA SR 50% Rty —A4) . bl
SRR BRAE R PR, BR300 B SO e R O M R0, BT 4 S
BT — MR, P ORI (RT) , Fiartt (m/z) (EAESERZ . ] OSI-SMMS (1.0 JiX,
KA T HG A A R 7 Ze A5 SR EARAT B W] DEAT U3 8 J ) T it B AR YRR AT BR 2 ) B 8 25080 5 MS/MS
PEATACBE o 72 AR ™ 0 53 A R 32 B3 93 BT ik R e A2 i e 7> — 3l 43 ATk o
142 Z B4 ERGr T PCA R fe, nPR ST b7 AN AR AR )AL e ok — 4 2k
PEAAH AR S E, XA FRRN ERr, KA R K Chttp://www.r-project.org/) X PR AR A AT TG I
BB TTVE TG b, AT REARBEAT W) B AT A A AT

T PCA 2 M Z B 0 7. IR A, AL Y RF i 1B PR 22 e DR T AL ) (1) 22 S 1
T A ARSI . OPLS-DA J& PLS-DA ¥, &7 PLS P T IEAZfE SIKIE (0SC) &K
B, OPLS MIEAME S 24 X KRG R AWy, —=E Y MK, J—Ff5 Y AR GEZD .
Y T AR 0 ks i [ RERE ] R 3K 4F4 (http://www.r-project.org/) X P AEA LEA - OPLS—-DA
BT L 200 YHEFIRIR!™ . — DL Q7 M N FRINAR AL A5 nI 32 I B3 24 Q7> 0.4 I, AN Tl AY
WRERZ 2 Q7>0.9 I, WA S UF R TSR A

OPLS-DA #MEI#HRE (VIP) 308 H T X WA Y . VIP WEERERN 1. A, TR
M ARG 2 S AR IR B i A BT o T4 ¢ RS BG 1 P<<0.05 H VIP=1 I S W b B ) 1 22 AR
/R

KEGG (Kyoto Encyclopedia of Genes and Genomes, ;i #BJE KIFIFER 4 F R4 1) &2 —ANEEM 5L
T3 0 M G R B 22 o e K AR M B KEGG AR HR AR DUEAT IR 42 20 M R A o i) B4 8 5

WR:
L)
=N n—i
Pﬂ—; v
+

Horp N 2AE KEGG n LUEB TG e, n & N hARFEACEECE, M SRR 2 2 ik
BRI A A AR, mE M P ASFEACE B . P B AR A B FDR #F1E, L FDR<X0.05 41
B, AR A PR R e SO ZE AR B3 AR i
2 SFERE5SH
2.1 FRIERIFREM

FrEihl (QC) RN ATRA K BT AR S0 Fi il &3k . B PH S 141 R s REAS (U6 5
FE AR AR B I AT S — K, RIS FR RN, AR & .

22 ERHSHH (PCA)

JFIR) PA-2 AZ G o 0t B oAU SRR S S, B SRR A T VRT3 M . PCA 3] (&
D, FEHETEAT (B 1A, PCL (E—/r) 4 75.1%, PC2 CE ) M 7.4%, WA EER
LR T IR IR EHR I 82.5%; FEFHES TR (B 1B) , PCl1 CBE—4r) A 53%, PC2 (B sp)
13.7%, WA FE R AR T IRAEHE I 66.7%. PIFMEICT, & 500 20 A1 2 WG IR 4 RN Ab B 4] 2 ) 22
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SR (P<<0.01) o WK1 A4, XHREESIIALT PC1 ki, AFRA4IIA T PCL IE4, —Hu B
STF, UEIHPIANZET B AEAR I 4L e A I AT

A 7543 Scores plot B 1943 I Scores plot
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Fig.1 Score plots of two-dimensional PCA analysis of different metabolites under PA—2 infection

23 EXRENZFREDH (OPLS-DA) #ERRIHIFLER

2.3.1 OPLS-DA 447 1EFHE 7448 F R?X=0.597, R?Y=0.99, Q’=0.869, iXLL¥4t 4 W] 59.7%A5 & 1]
LR 99.0%(K4 Il 22 5%, HAT 86.9%IMITMIAE 115 7EM B 741 K R*X=0.516, R*Y=0.979, Q’=0.887,
TR 51.6%A 5 1] LU#RE 97.9% 41 25, HA 88.7%MTMIGE Sy, TCiBFH. BIes 138 Ba R m g
R LS TIGE Sy, PEWIAHITFE o T2 579 OPLS—DA KT % )1 8 5m 20, RERE AT S RE B AN RE 5 1H) 14
Rz (K2 .

232 OPLS-DA # R (B #10iF  %F OPLS—DA KL B #0045 a8 2 Fros, Q7Y LUK RPY #B¥H
FE I B0 N (G 2, Uil OPLS-DA B BRUAAFAE I G NG, B e s, 183 T OLF5 IR AR HE,
AT DA b % A 2R AR 2 ) 1) 22 5

24 AR EZERKIEIHEHE

Loading—plot P& A 55 Hpts fUBRGGE [ 21 S8 7 T 38 Bt B AT A B 21 1) s K 22 AR =1 B 3 B,
TERHE 744 F ot 9 MESMEY, Hh 5 ARMAEER, LR 4 Ml 8 KA (Netilmicin,
P0OS00403) . i#H (Adenosine, POS00030) - RN (Adenine, POS00001) . %4 (Betaine, POS00005) ;
MAERT 744 F a2 MESMEY, Hd 7 ARBEER, L4 5 Ao alh H#EE (Mannitol,
NEG00028) . % (Pyroglutamic acid, NEG00008) . #iZi## N #E (Gluconolactone, NEG00118) .
SR (Idoxuridine, NEG08115) . J#FENA (Adenine, NEG00009) .

PL OPLS-DA #A[1) VIP 37 (VIP=1) , FE&i6 t KB (r—test) ISR P{H (P<<0.05) KM
GIREA I 22 AR . 7ERH BB 745 4F T 22 AR 203 ok 998 Fil 894 A, L fEfH & 745 1F F |
WA 800 A, 1 FIACHYIA 198 4N fEMTES 1448~ EIRACIYIA 669 A, FIAYIA 225 1.
PRALRE LI I 185 FhZe e AR =4, JLrP oIsf AR 30 B (BHES FREN A 13 Al B 75K
N 21 R, 4RO ) (R D o AR 1 ATLUE N, HXTAML, BRI 2 AR
WA LR (Log2>0) , Fr Log2 AR 455K T 5.0 I FIELLZ (Ribitol)  FEZ 2 (Hesperetin) + X
NS (Hypoxanthine) . M i % IHE (Taurodeoxycholic acid) L% (L—Tyrosine) , JH:rfykia
WS (Hypoxanthine) Fl L2 (L-Tyrosine) [ Log2 RAFHUAR] 24.59 F124.99; KA 2 B
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Fig.2 The result of OPLS—DA model permutation test under cation and anion conditions
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Fig.3 Loading—plot graph under cation and anion conditions
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Table 1 Fold changes of metabolites recognized under cationic and anionic conditions

J¥* No. AR Metabolites P VIP 5~ Up or down Log2 ZAtf5%L Fold change
1 JIRIZENS - Adenine 0.0002 15.54 1 0.93
2 MR Oleic acid 0.0214 1.01 t 0.42
3 KRR Palmitoleic acid 0.0006 497 t 0.85
4 H%IEZE D2 Prostaglandin D2 0.0042 1.01 t 0.79
5 NI Pyruvic acid 0.0002 422 t 1.75
6 HZ B Gluconic acid 0.0146 10.10 t 2.81
7 WG RERR Myristic acid 0.0032 2.52 t 0.85
8 FILLZ Ribitol 0.0196 6.48 t 5.36
9 AR Stearidonic acid 0.0066 2.06 t 2.01

10 SR Uridine 0.0016 7.56 t 1.09
11 D-A% Bt Glutamine 2.29E-6 6.97 | -1.78
12 L-A% 8% Glutamine 2.31E-6 1.74 | -2.24
13 FHI P Bergapten 0.0031 10.20 t 3.53
14 2l % Ketobutyric acid 0.0018 4.41 t 3.00
15 L-% % L-Serine 4.56E—6 2.92 t 1.51
16 WEHENE Trehalose 0.0105 245 t 2.54
17 ZSEHERE Maltitol 0.0098 1.14 t 3.08
18 3,7- " HIAEJRIR 0.0409 3.37 t 1.03
3,7-Dimethyluric acid
19 JRIERE Uracil 0.0024 2.30 t 1.27
20 3,4,5-— AL TR 1.39E-6 1.38 t 2.50
3,4,5-Trimethoxycinnamic acid
21 1 J2 % Hesperetin 0.0001 2.63 t 5.54
22 JIRIZEWS - Adenine 0.0011 17.68 t 0.81
23 ZSEHERE Maltitol 0.0079 1.51 t 3.28
24 L-% % L-Serine 1.36E-6 1.67 t 1.72
25 U Hypoxanthine 0.0173 227 t 24.59
26 JHB% Choline 0.0098 10.18 t 0.24
27 D-A% L% D-Glutamine 1.45E-6 4.64 | -1.58
28 LA Bk L—Histidine 0.0006 3.39 t 2.07
29 L¥S5&E % L-Arginine 0.0084 8.50 t 2.60
30 K Phenylacetaldehyde 5.03E-5 2.07 1 2.45
31 JElE B L—Carnitine 0.0213 1.76 t 1.50
32 A4 UIHR  Taurodeoxycholic acid 0.0025 2.79 t 10.54
33 L-/ /7% 8 L—Homoserine 0.0141 1.21 1 2.64
34 L-T%% % L-Tyrosine 0.0421 2.48 t 24.99

PG F B 2 AR IR B ACGHIR R N R A S KRR 7o LR IR B8
HIR Y W08 oK S ARENE A B B K i A B 85 FILLZ: . myo—JULEE.

2.6 ARNKIEEBAFEAHREES

26.1 WHAMNAL2FAMABENGRBE W T WK 3 iR, PA-2 245 FAFEARTE A5 FIEA Hy
Bl P LUREE AR 3 1 R B MRS (Hypoxanthine) (XA =41 1 PE [20:5(5Z,8Z,11Z,14Z,17Z)/22:5
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ZIHEMR A Amino acid metabolism 35
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Fig. 4 Differential metabolite KEGG annotation pathway diagram

(7Z,10Z,13Z,16Z,19Z)]« ALifti&45 it 2 J5ilid (Corticosterone) 2545 1) Log2 2 5B ki K, 735k
BT 24.6. 5.78 1535 %, H=F XML ZEREE (P<0.05) o Koz mRuy L, D0
gy N XN ZE AN Y 2 5 AR N LGSR ARG, 4 PC [18:3(6Z,9Z,12Z)/18:1(11Z)] Ml 1.23 £,
PC [20:2(11Z,14Z)/14:0] i 1.49 £, PC [20:3(8Z,11Z,14Z)/14:0] Fif] 0.66 £%, PE [16:0/18:2(9Z,12Z)] i
0.56 1%, XU U], PA-2 {2 3o T e T-PUNEMACE A AE P IS5

262 WARAEEBRNKHZ W AN HE4TH, £ PA2RYET, A PHE PR S8
29 FhZE R R RRACE 4, Forh 4 M BRI A AT AN R 2 T, R R Wi . LR AR
2-FIEIGIR . FISE0: R R L W B, b DL LR 2R . BEEIIR R . %R Log2 &%
efir e Ko XL RUil], PA-2 12 4o vl HesE MM v N 1) 2 SRR A Y -

2,63 WAFRBAMMEMRBTHENL HE S TH, PA2 RET, FHHKEHSSS58HKILEDN
FEES LT, HAA R LR R B R S N X B BB A A e e DU R A
L2 BRIAPR Pl 3 P Log2 AL ATHON T 5 fF. XS FER ], PA-2 mI gt 52 m i ) 40 Hu (1) &5 M Rl fig
EABMAERET .
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*2 ERRHYSESNRIHREMAMA

Table 2 List of metabolic pathways involved in different metabolites

Rt KEGG %7 R U2 R B IR IAR =AY KEGG %'y
Metabolic pathways Metabolic pathways Metabolite names Significance FDR Differential metabolites
KEGG number KEGG number

ko00230 Purine metabolism Hypoxanthine P<0.05 0.057 C00262
IS AR T UCIIES

koO1110 Biosynthesis of secondary metabolites  PE (20:5(5Z,8Z,11Z,14Z,17Z) P<0.01 0.035 C00350
UAEAR =) 0 AE B /22:5(72,10Z,13Z,16Z,19Z))

T ;£ I i

ko01100 Metabolic pathways Corticosterone P<0.05 0.045 C02140
R B2 ST

k000350 Amino acid metabolism L—-Tyrosine P<0.05 0.101 C00082
SRR L5

k000250 Amino acid metabolism Succinic semialdehyde P<0.05 0.062 C00232
SRR TEIIR -1

k000290 Amino acid metabolism Ketoleucine P<0.05 0.022 C00233
SRR i 2R

k002010 Carbohydrate metabolism Mannitol P<0.05 0.107 C00392
RS AR HERR?

ko00040 Carbohydrate metabolism Ribitol P<0.05 0.083 C00474
RS AR FLL %

k002010 Carbohydrate metabolism myo—Inositol P<0.01 0.035 C00137
RS AR myo— UL

F3 MEEARLBIELR T E YT ER
Table 3 The fold change of global and overview maps of the two samples
AR Log2 A4 A1 Log2 Ak A7 4L
Metabolites Log?2 fold change Metabolites Log?2 fold change

WEIR Acrylic acid 2.01%* JREER Allantoic acid 4.15%

JRMEES Adenine 0.93%* 3% 2 Lutein —0.40%*

B 15 Adenosine —2.29%* J Ji i Corticosterone 5.35%

A% IR % D2Prostaglandin D2 0.79%* IR IR B Phosphorylcholine 2.12%

1 — & Dodecanoic acid 0.80** PC (18:3(62,92,12Z)/18:1(112)) —1.23%*

A 5 R Myristic acid 0.85%* PC (20:2(11Z,14Z)/14:0) —1.49%

il I5f% Stearidonic acid 2.01%* PC (20:3(8Z,11Z,14Z)/14:0) —0.66*

JRFF Uridine 1.09%* S—F43 5T beta—Cryptoxanthin —1.15%*

D-# & Bth% D-Glutamine —1.78%* PE (20:5(52,8Z,11Z,14Z,17Z)/ 5.78%*

22:5(7Z,10Z,13Z,16Z,19Z))
1#5F-# Y IS Bergapten 3.53%% KRS Hypoxanthine 24.60*
I L Aminocaproic acid 1.62%* PE(16:0/18:2(9Z,122)) —0.56%*

3

e PC=MEMEEEANGE: *FoRzEir B (b P<0.05), =FoRzEmii® (L P<0.0D), T,
Note: PC=1,2—diacyl—sn—glycero—3—phosphocholine; *indicated significant difference (P<<0.05), ** indicated extremely significant difference (P<<0.01),

The same below.

g

AR 7o — NEBIEIN . SR SRR, IXJLAEAE B S AU I B A ey 3% FAE AR 4%
AU IR TR T BV AR S 2 KD 4 B ATk 2 R P AT 8003 Ay S, LA = T LA B
A E A BT RE ) o R QU AR AR A — A EEZL b A RS, e nf UE IR Z I RE, 5%
HRRAH . RERACH. MR, BRI A . R AU A 2 5 AL IR & 2 BN B 3 2 . EL#%
REUE ATP N AL . BFHER AT A R P, XSRS DR AR SR P T 5 o AT AL 40 1D
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Table 4 The fold change of amino acid metabolites of the two samples

R Log2 AL 4k R Log2 A%
Metabolites Log?2 Fold change Metabolites Log2 Fold change

YR Succinic acid 1.64%* SRR Oxoglutaric acid 0.93%x*

P EAR Pyruvic acid 1.75%%* [ 57 AICAR 2.24%%

& R Fumaric acid 1.72%* y—2 % T 1 Gamma—Aminobutyric acid 1.31*
BRI - Succinic semialdehyde 5.94% fiil 5% 2 Ketoleucine 3.95%*
A% B L-Glutamine —2.24%* J5U ) LZRMR Protocatechuic acid 2.03%*
KA L—-Aspartic acid —2.32%% 525 Betaine —0.30%*
2 T 1 2—Ketobutyric acid 3.00%* JIE#, Choline 0.24%*
L—# %k L—Serine 1.51%* SR E MR 5'—Methylthioadenosine 0.55%*
N-2Z. W 5% (1% N—Acetylserotonin 3.12% N—-Z W4 i N—Acetylhistamine 1.89%*
2SN 2—Aminoacrylic acid —3.89%* L-#1% M L-Histidine 2.07%*
LK% % L—Arginine 2.60%* D-1-WRIE 2R 1R 0.93%

D—1-Piperideine—2—carboxylic acid

7k L% Phenylacetaldehyde 2.45%x* IR Pipecolic acid 0.99%*
JRE T Citrulline —1.23* WA Allysine —1.38%
8% 8 Saccharopine 3.85%% L—# 75 % % L—Homoserine 2.64%
L% % L-Tyrosine 25.00%

x5 FEERBKLEURF=HTLEY
Table 5 The fold change of carbohydrate metabolites of the two samples

i Log2 LA 4L R4 Log2 4054
Metabolites Log?2 Fold change Metabolites Log2 Fold change

A& Propionic acid 0.24%* y—23%E T 1% Gamma—Aminobutyric acid 1.31%*
DEHIR Succinic acid 1.64%x* AR Oxoglutaric acid 3.85%
EIR Pyruvic acid 1.75%%* W5 Bk Trehalose 2.54%

H #2% Mannitol 7.44% myo—/JLf# myo—Inositol 4.24%*
HIZHER Gluconic acid 2.81% L4 % & L-Serine 1.51%%
‘4% Fumaric acid 1.72%* 2l T & 2—Ketobutyric acid 3.00%*

F L% Ribitol 5.36% L-A & % L-Glutamine —2.24%%
BEIIMR -/ Succinic acid semialdehyde 5.94%

JEL (R 20 B 73 W G IR 2R ) ot AE PA-2 AbFR S 2 N, X RE S Z B BA T 224 L i G, X 5%
VTS 523 o o RN T A )6 S R A AR R R (0 ATP RERPIRZS . BT PEE S, &
PRSI R 58— 8. BF R W IR S A4 2% A P M A 3 L I 2 S v R £ R, E T
SEMH SRR BB G DI PA-2 A SeARU A nT e A FH TS AR & (8 2% 5 ORI BH T e A 3
AR FEIRBACH GRS Bk, HEMEYSE, EARMPAEK R L HRY, XY
AR R T BT D, EATHRA R Bl 2% 0 M % o () A4 B 20, A6 % B
PA-2 R44)5, FEM R IRGAR = W)G ez 21560, nl e AR e PE F R S REtE . RmRARI A B AL
VIR B2 B A

BB LR T AT S A B SRR AL AL, AR TN R IR — LA L B, S BRI IR 2
e LA A S RS ARIG R PA—2 1RYL N, M A 20k 29 FRIEIERICHT AR L, X
&SRB I B Monilinia fructicola 15 9¢ R WP 4ET58k Prunus persica W 755 & 1 TR AL 2 1t 46 51— 550129,
1,5 1 S 26 B 5T S0 9 J5U T Botryosphaeria dothidea 198 T 35 Malus domestica 75555 11k 21 M 45
FAAL. AERED D, PR PRI I 25 S R AR N Sk B 1, ]It ™ A A A 7 A T S BRI — R A 2 R A
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IR, R WA IR R R N e AR AR I S B T, S RO L FEAR DY, (R
FRUHR AR W R AEACH AN AT BUR S i L5 R0 £ 573 A0 5 I8 3 AR 523 AR 9% s B IR A Ak P
“H Log2 W& Bl 25 %, nlpey RN MRAM ORI, HHT PA-2 REA K. Ko, ZILRAEHW
MAEN Z RS, & RERFLGE R HARACE, XA R Z Y PA-2 R k.

KA YRS CEAE =B, B NS HIPERKIA Y (Structural carbohydrates) FIEE4S
FIPERR KAL &54) (Non-structural carbohydrates) , F# SHHMIAERAEN A, JFH S SHY A7,
AR b 5 RERACIEE % B K AL S S B A0k, XS TR B DI A R SO R AN R, ik
MEREATARZZ 5 RERMNE R -8 &6 Bk, 2y WReE N AT BEZ 250, XLt 5T
o SR 5 00 T 4 5 T 7 T 9 AR S TR A [ R A A 2 v A A R i R T s R — B, BAR O A
Peronospora farinosa f. sp. chenopodii 13 3¢5 | 8 ZERMEMEE S Chenopodium quinoa M Fr WHEACH AZ IR A
FIEMRACH . RIS IR AR P A DG P e A4k, Em e R R K.

TSR (Betaine) J& T MRS, A M358 R4 M0 5 55 i 2 e LA S e P B G 1R A i3 P,
HEEmE e i N H Bl (MTD) BRI, 10 H R e — R his i, /ey PisSun ek
FEAERL, RIFEE RIS S 5@ T . XM B E br S ZE A SRS 5i20& T . 2Rl
B B b AR R L 5 B 5 s 1) 5 9 i BN VR IO . RS OR T e WA 2R R R R Y R
W AT Ebr s, XS A SR R R R A N AR R AL A W B B R R
NIRHIR P WE . eoe R 22 TRAF A FANE, HENI W] Ge PR — 38 B 701k 975 22 e A0S 0 R b A E S 7Y
AN ARG SRR H S BE AR I, HEW PA—2 0] B 55 R A 4 i < 5% 40 T A A2 2R OK
e ARAEKTGIE SR EPACE . BERAU . BRI AEAT M AIOC, X 3 Skt gl AR K 1A
ORIHR RPN AW R PA-2 RYE T, A NIX 3 SRR g . R AT e A
TATA T PR B AR e AR AR AR A, (A B AN S, A bR S A X
AR R i PR A B e = 5 B O SR AT AR A0 A 0 2 S R R B 2R P . g T S T AR A
PA-2 SRR, WA R 28RBS 04T, 241 IR AN, R N — PR .
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