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Metabolomics of the stems of quinoa in response to infection
by Choanephora cucurbitarum

PENG Yufei, WANG Tianxi, YANG Zhenyong, TIAN Miao, REN Lu, LU Hong, QIN Nan,
YIN Hui’, ZHAO Xiaojun®

College of Plant Protection, Shanxi Agricultural University, Taiyuan 030031, Shanxi, China

Abstract: [Background] The pathogen responsible for quinoa Choanephora rot is Choanephora
cucurbitarum. However, the metabolic changes of quinoa in response to the infection remain
unclear. [Objective] We studied the changes of metabolites and key metabolic pathways in
quinoa after infection with C. cucurbitarum, aiming to understand the physiological and
biochemical mechanisms of the disease. [Methods] We employed non-targeted metabolomics
and multivariate statistical analysis to investigate the changes in metabolites and metabolic
pathways in quinoa stems after infection with C. cucurbitarum. [Results] Compared with the
control, infection with C. cucurbitarum in quinoa resulted in 512 differential metabolites (P<0.01),
including 283 wupregulated metabolites and 229 downregulated metabolites. The Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment analysis revealed 19 main differential
metabolites in the quinoa stems in response to infection (P<0.05). These differential metabolites
were enriched in four metabolic pathways: arachidonic acid metabolism, linoleic acid metabolism,
alpha-linolenic acid metabolism, and flavone and flavonol biosynthesis. [Conclusion]
C. cucurbitarum infection leads to changes in arachidonic acid metabolism, linoleic acid
metabolism, a-linolenic acid metabolism, and flavone and flavonol biosynthesis in quinoa. The
accumulation of jasmonic acid from a-linolenic acid metabolism and the blocked biosynthesis of
flavone and flavonol may be involved in the response of quinoa to C. cucurbitarum infection.
Keywords: Chenopodium quinoa; Choanephora rot; Choanephora cucurbitarum; non-targeted
metabolomics; metabolites

#27Z (Chenopodium quinoa), EARM#JE—4F  QLERMBE. 25, Mo BRSFEE N A A
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S0 H o E A HGE R B EA
8 i, ALHENTBEREO . BT 2R
RN et BRI L R
T B SR EE KB (quinoa Choanephora rot)
ST AR K B — R RE R . 5 B E )
BE, FEAIEE . Jea i F R L A
DX R A U8 A R B e T Iy I 5
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TR, PIREFEA AL PR
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AT, F A 2 H R AR YR A
W) B3 P g A A A AT G e R TR
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AR EARE, BEMSE TR R A Y AR
EME . PUEALRE T F IR AT S, R
%% (Aureobasidium pullulans) PA-2 {3 Yt % %2
(Chenopodium album)it F- P IR AR . R RAR
WA G R AR A AR KA S AR
=R R e RS R Y B A AR
BysZm,  HET A AR A .

s D T A A S BORE W AR A W o K A A
b, 7 A B AR AR AR OB T TR B AE AR
U TR, A A — A TR AP R
IR R A, BSOS FTE A SR
EZRGEN, B, A AR - R L
VE R FE Py PR 98 vh 4% T AR, AT H
T B 55955 E A S AR A Qg AR 120,
A BT s R & RALEI Y. Du %R
FHAC S 21 2 B R 0 B 1 8 TN i 17 2 9k 46
(Fusarium oxysporum){z 44 rfCif 21 424k, &M
PR Y BN P BOLHEIR SO0 . bHEEfE . —
RRIECEIR A4 T B E 21k, Tugizimana
2 Tt 3R 5 2k 48 5 I 14 (Colletotrichum
sublineolum) B AEH 72 A HLgeit a2 XAy
AT R T, kA E RS 2
RN R RS A A ) A o R R A
PIEACG S R R e B 2 4E , (EAEY A
N B B A P AR S

A B 5 2R FH 8 A3 A £ 3 - R B T 3
(ultra performance liquid chromatography-tandem
mass spectrometry, UPLC-MS/MS)#i K, #54&

ARG ik, S A A N R (R
Qe AP 284, WA I3 8 X 2 22 A i
TR, DA T 20 00 AR AR AL

AR

1.1 #8
PR AR 1007, T 1L PE B AL A

PHEARA A ATtk FEE(C. cucurbitarum)
LMIM-2 Ry A 552 56 %5 7 18 2 7 1) P o
1.2 EERXFIFNEE

H B . H R FIES IR e , Thermo Fisher A H] o
WAHTEAY . R A% 4, Thermo Fisher
Nl ARIEEOAHL, Scilogex A H]; BEEAN LA
A6, TIHARRINEARAA
1.3 fREIEM

TEIRE AR (EAE 20 c) WP HEMEER , W
FUEHL 60 do 6HA: et Y 22 22 il ks [ml 5
B2, M 75%C AR 2R MHEE 2 K, TR
K3 W, AR RAFEPHERIEPRAR
FMETRE LMIM-2 #1428 2] % 0 3 Nig
(PDA)RFFEEE |, 25°C, 12 h JEHEAT 12 h BAIS
R ISR 1 d e, T U b BB 2 5 mm
WE, R TR 2255, RO
JrE9 1 em AMOZEREA TCR/K GBS, FHORERAR
W AP R L. A FRZ (A 41 FERh G
P K B0 HRZH (B 2H) 34 e 6 IKE S, A
3 Mk BT 25°C AN TAMR, 12h6HE/12h
FRHE, RN 1 d JE VR A e R I B
JE o THRBERSE =M A KBk, K 2-3 om
B, FHEETARIIGHIRE AL B AL
WA 6 Rk, BERRREL 1 g, W REFEASLENH
WA VR I WIS 1K, —80 °CIRAFAE H
1.4 RiGEE

B 100 mg FEAAE T 1.5 mL B0 H,
A 500 pL 11 80% HH FE/K S W ; IR, VKA
#E S min, 15 000 r/min. 4 °CE.0» 20 min;
B30 W0 B oK e 22 B S il 53%,
15 000 r/min, 4 °CEj.0> 20 min, W4E BTt
BAFFHERE R, 51T UPLC-MS/MS 43#7 .
1.5 [&i%(quality control, QC)#E &K

MEEAS SE I FEAS SRR B A TR S R
QC FEA, TP (- Bt R e A D2tk
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A, AL RERE T T .
1.6 ZTAMK

1 53% W Bk i i A S B RE A, T4 B
RS LR, BES PREA, FEA]
TERBTRE T
1.7 HFBH

f4,75% 1 Thermo Hypersil Gold C18, FEi&
40 °C, Jii# 0.2 mL/min, 1E# P JahH
A: 0.1%MHER, Wiz B: WL A
WA A: 5 mmol/L B§fR%%, pH 9.0, Fishtfl
B: WIEE. Cigih Ve ey IR 1.
1.8 FUkFKMH

HH, 55 2% 25 - i (electrospray lonization, ESI)
RIBCE AR . WEsEH R 3.5 kV, BURE N
35 psi, FBYRWHN 10 L/min, B FEHE
IEER 320 °C, BT AGHHHLE-y 60, Al
AT Z A 350 °C. FHAlEFEE mz
100-1 500, MS/MS 2R A BRI 14
1.9 HE\HIT IR

K Compound Discoverer 3.3 £k B4k
X AL R ECHE A TR AL B, AR5 X4
g R AT B o A 2H 7 Hdhe A PR R 1
R AL ) metaX 3.4.3 X ECHE R A7 e 5 A T 32
1853 43 #T (principal component analysis, PCA)
F0 i B /N — 3 122 ) 531l 43 BT (partial least squares

x1 BESERRRERF

Table 1 Chromatographic gradient elution procedure
WP RS ARRR L WiSAR B IRFRI L
Time Volume fraction of Volume fraction of
(min) mobile phase A (%) mobile phase B (%)

0.0 98 2
1.5 98 2
3.0 15 85
10.0 0 100
10.1 98
11.0 98
12.0 98

discriminant analysis, PLS-DA)J /5%, 43r#H71)K
TR 5 B 22 5 Y . SR T K
AR A P2 F) G 12 B 2 (P-value), FF:
THE A 9 76 9 20 18] ) 22 A5 4 (fold change,
FC), # FC>2 mf FC<0.5. A qr 5 & 8 )¥
(variable important for the projection, VIP)>1 .
P<0.01 bRt e 22 Al . (1 KEGG
B 2 (https://www.genome.jp/kegg/pathway.html)
Kepr s AW A &, SRBERER
P<0.05 If, A hizAUiltiRie s B 2w 4. Ul
Vet i, Bt . EER . 270
Br. KEGG & 473 B b B di Ak BE 3= 08 IS
Python 3.5.0 il Python 2.7.6. fdi FH4k{F R3.4.3
1 R4.0.3 Z:il&, i2H R AH ) metaX HEAT
PCA #1 PLS-DA Zr#/EKl . pheatmap JEF7# &
BIIMEE L ggplot2 HEAT K L RIS LI 4
V(AR

2 HZRE5OM

21 AFEEXMNBEZZ2MERMENE

K NSE R IE R LT 1 d 5, %™
A AL . KRR . BIEREE; B ZE
PRk, KR 2-3 om; ARG EEE |
K5 (B 1A), R REFE#RR 1 BUAEATREIR (K] 1B).
22 REMEM DTSR

K Fl UPLC-MS/MS Hi AR E] 1 323 FpA;
Y, fEsE RS 978 Fh, B4k 13 254
Fi, P gimEZS 124 B, @52 115 B, BRI
K HATHEY) 108 Fh, HHLEAS Y 69 Fl, Hd
25 63 Fifr, Himmilg 62 Fl, FFNHUCATEY) 39 Fi,
2 [ T AN [ AT A=y 35 i, WSk K LAY 2R W)
31 RN, WERSAZATE 28 i, EyZsib G 25 B,
PIRERR S HL AT AR 23 Fh, HEARBCR AN 1
R EIRMEY . FERELKETAEY .
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Figure 1 The effects of inoculation with
Choanephora cucurbitarum (A) and non inoculation
with Choanephora cucurbitarum (B) on the stem of
quinoa.

SRS . MENERZ Y . MEMR . PETRR . Bl .
MEnE Je HoA A Y . BRIR S OHATAE Y . I RERE
UNUESN e R EI ALY
23 REMESF TG

PCA 453 B/R QC FEAR AT B 4007 H
F0” S (] 2), 156 BH ARG AL #5 E 2EASAS I 43 A
R RS A RS, SR s E T
5. PCL (BF— 43N 50.13%, PC2 (55 —Fhl
IV 12.92%, FEUCHIIL) 63% R MARIE
PREVACUF RIS o 45 AT 43 A1 2 I X BE 4 A Ah 7
AR e, R R) 25 5 5. 25 (P<0.01).

M PLS-DA B i f%5rEI(E 3)al A1, 2 4~
53 PCL. PC2 WY TTERZ 25k 51.70% .
11.72%, R2Y=0.98, Q2Y=0.88, #Zi T+ 1, I
H R2Y>Q2Y, FnfmAaw nl &, Wilge )14
I WA RIERP] R2>Q2, FEH Q2 [HIH
2R 5 Y HEE 5-0.79>0 (& 4), Ui BRI
FERLBERIG LG, GRS A R T %) B4 Fn 4 3
H KR ERIT L, EEHITIRES T

\\\\ | / /

-50 -25 0 25
PCI (50.13%)

2 QC4HFSLINH PCABHE A LbFY;
B: XTH4L; QC: BifsbeA. fisstr PC1 ML
br PC2 3 F HE 44 5 — RIS 19 T 430

Figure 2 PCA scores of QC group and experimental
group. A: Treatment group; B: Control group; QC:
Quality control sample. The horizontal axis PC1

and the vertical axis PC2 represent the scores of the
first and second principal components, respectively.

\\ \

A

" . o )

5o IRzY. 0.9|8, Q2y: 0-|88 ~

—60 —40 —20 0 20
PC1 (51.70%)

3 AIBEFIX ARG PLS-DA 357
R2Y: BRI QY MBI TIIAE )15 A
AhFREH s B: XFARZH

Figure 3 PLS-DA scores of metabolites in treatment
group and control group. R2Y: the explanatory rate

of the model; Q2Y: the predictive power of the model;
A: Treatment group; B: Control group.
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Intercepts: R2=(0.0, 0.75), Q2=(0.0, -0.79)
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i |
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4 MESBERRTELZZNRHFDHFRLEE
A PRAC R BB AL Y SIEMAH Y IR
P, PARFRIRER R2 F1 Q2 1347

Figure 4 Sequencing test diagram of metabolites in
quinoa stems infected by Choanephora cucurbitarum.
The abscissa represents the correlation of random

group Y with the original group Y, and the ordinate
represents the scores of R2 and Q2.

24 ERKEMELEESHH

AbFRZ 5 X REZH AR e AT 512 R AR &
TR B E(P<0.01), Hir 283 R4 B
= LR, 229 P 2 R A 5). Bk
P A 59 FhE D mE LA EE . SRATIR . KA
iR H g . AR DO IR . UORRIR H AR . SR |
y-WRRPR S, W25 36 i df: AREHE . dintic
MR MR I MRS, SRR
WIRERTA YD 14 FEFE . 4R D2, imER .
JI SRR B . FREE RS, AR M AT AE )
13 FPEL4E . SR 5-FRRIR . 5-IR IR . 45
HimwsIE2E 13 Ffudf: LPE 16:1 ., LysoPC 16:1 .
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©® DW: Significantly down-regulated metabolites
NoDiff: Nonsignificant differences in metabolites
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Figure 5 Volcano plot of differential metabolites in
quinoa stems infected by Choanephora cucurbitarum.
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Table 2 Categories of differential metabolites in quinoa stems infected by Choanephora cucurbitarum

25
Category

RGOV 6 s

Up-regulated number

TR R

Down-regulated number

BB it % Fatty acyls
M5 2% Terpenes
#fl2E Flavonoids
W% R M HAT 49 Nucleotides and derivatives
I |1 155 FI 2K [ 477 4 9 Steroids and steroid derivatives
S HMR M HATTA % Amino acids, peptides, and analogues
Hil# 5 2% Glycerophospholipids
n5[E Az HoATT A= 9 Indoles and derivatives
WK ft&49) Carbohydrates
532 Phenols
7 K H B AT A ) Benzene and substituted derivatives
H: W1l Alkaloids
AR iR A HoATT 4 ) Cinnamic acids and derivatives
HE R K HATAEY Coumarins and derivatives
S Isoflavones
A1 % JCEE Alcohols and polyols
25 /R i Al — & 2% /K ] Chalcones and dihydrochalcones
5l Aldehydes ketones
KL IR 2 Benzopyranes
s ik K HATT 4B 9 Quinolines and derivatives
AR KM KA AW Lignans and related compounds
2% Amines
W24 FITIEE 4 437 4= #) Purines and purine derivatives
#% 5T Tannins
HAhZE Other types
KM 5 #4326 Classification not identified
BT Total

59 5
36 27
11
13
14
11

[\S]
3

—_
[O%}

N O N AN WD O NN ;L O W 2 O 9 B W

O © W = O N N W »n A DN~ 9 b B~

(o)
N
NN
wn O

283 229

B TR . o-MERRIRACHS . A 22 2%
2= S AU B A AR AL, H2E S ORIR B
IKAF(P>0.05), 70500 . K EEA D) G AL, KW
B NRAEVE, BRI SYRIEY G,

YR TS, WSS,

DUUR I PR AR FR ER A, WUREREmR IS, MR
g —Bcity, ARl =R Y G, AR
MENLEESS = R 58, @GR, Baske. g
Fre AN I 2 A= M B ) A= 5 B, AN SR R T PR
MY E AL, BERUl, BB, B-NA

MR, ERRRACHE, AwRAE, kY
A, SRS A R, KiEHEA
REIAEY AL

BN 4 FAGHRE T, A 7 MR
B2 S s B TALAE VIR TR GRS, bR
RIZIIRER D2 & FRsh, Hay 6 F[s-EHEE DY
MR . AEAE DUMRSER . 15(S)-F2 3 — Rk UM TR
BIPIIRER T, RIFIIRE A2, RIFIIRE H2]& HEER
A AR R A 1 25 AR
(AEA DGR . 13-ATMER . WIMER . y-TE IKER)
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6 REASHBAESRGYBLEMRE CCI-CC6: AFIL]; CKI-CK6: X HALL. A= M) RIS
25 AR R R, AN [F] 6 R & AR EAL AL B R B LR R m o &, EAARAES )
Figure 6 Cluster heat map of differential metabolites between treatment group and control group.
CC1-CC6: Treatment group; CKI1—CK6: Control group. The cluster tree on the left is the differential
metabolite cluster tree, and the different colors are the values obtained after the relative content
standardization treatment (red represents high content, blue represents low content).

AL EERAE o WRRASHER B2 SRR 6 FESAGHYIT, BRIUAAE R
SACEDT Y 13(S)-BRAEMIR AR . ARFMRA  MRABER S EIAN, FeRIR . MR R
KA TR S a0 LR I ERE Ay RHORR . SRR AT S EE NG 3).
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Metabolic pathways @

Purine metabolism - e

Flavonoid biosynthesis - o
Arachidonic acid metabolism - o
Tryptophan metabolism - @
; ; —lg P-value

Flavone and flavonol biosynthesis - &

! 3
Plant hormone signal transduction - ‘
2
Linoleic acid metabolism -

Tropane, piperidine and pyridine alkaloid biosynthesis - ® i
g Monoterpenoid biosynthesis - . 0
(]
=

Biosynthesis of unsaturated fatty acids - °
Number
Ascorbate and aldarate metabolism - e e 1

Alpha-linolenic acid metabolism - = 13

® 25

Steroid biosynthesis -
® 37
Lysine degradation - e @ 49

Carotenoid biosynthesis -

Sesquiterpenoid and triterpenoid biosynthesis - .
Phosphatidylinositol signaling system - .
One carbon pool by folate - .
Inositol phosphate metabolism - .
0.4 0.6 0.8 10
Ratio

7 MESRETREEZNERNEY KEGG EESIBE R br JyAH R A E % b 22 5 Y
A% H iz i b 4 W S A B H B LUE,  EDBOR R n i i b 22 AU YD s AR R s . S
PR LTS 55 1 P-value {8, (BN BIRG TG A AT SEMEMOR | BUBSEH 2 . MR T
R 368 % v 2 S AU RO BCE , ROBROR U 200 % P ) 22 AU i . U IR top20 B4R
Figure 7 KEGG enrichment of differential metabolites in quinoa stems infected by Choanephora
cucurbitarum. The x-axis represents the ratio of the number of differential metabolites to the total number of
identified metabolites in the corresponding metabolic pathway. The larger the value, the higher the
concentration of differential metabolites in the pathway. The color of the dots represents the P-value of
hypergeometric test. The smaller the value is, the more reliable and statistically significant the test is. The
size of the point represents the number of differential metabolites in the corresponding pathway. The larger
the point, the more differential metabolites in the pathway. Only the results of top20 are shown.
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x3 NHFEREEEEENEEZESERFBERPIESK B
Table 3 Differentially metabolites in significantly enriched metabolic pathways of quinoa stems after
infection by Choanephora cucurbitarum

KEGG i i 4 #1 R AR EL P {H VIP #5443 FEE
KEGG pathway name Metabolite Fold change P-value VIP score Trend
FEA: DO AR R AR 5-AAAEA: TUJRTR 5-OxoETE 6.15123 0.000 07 1329 41 1
Arachidonic acid metabolism
1642 DUMER Arachidonic acid 22.639 82 0.000 15 1.355 08 1
%1 i % D2 Prostaglandin D2 0.104 60 0.000 00  1.451 63 !
%% H2 Prostaglandin H2 5.768 93 0.000 03 1.311 84 1
R AR J2 Prostaglandin J2 31.440 51 0.000 72 1.208 57 1
15(S)-3 0 — 3k o M R 24.257 72 0.000 98 1.282 17 1
15(S)-HpETE
HiZI %% A2 Prostaglandin A2 18.260 21 0.001 65 1.249 36 1
IV i P A g TELE V04752 Arachidonic acid 22.639 82 0.000 15 1.355 08 1
Linoleic acid metabolism
13- XM 13-0x0ODE 67.177 67 0.000 06 1.380 48 1
IR Linoleic acid 11.159 14 0.001 38 1.200 79 1
y-F FRAR Gamma-Linolenic acid ~ 3.221 69 0.006 89 1.045 94 1
o- T FRR AL 13(S)- £ 5L MMR — IR 35.605 29 0.000 00 1.373 31 1
Alpha-linolenic acid metabolism  13(S)-HOTrE
R F[MR Jasmonic acid 10.428 72 0.000 22 1.280 65 1
SR FT B2 S Methyl jasmonate 5.855 56 0.000 11 1.295 63 1
B A E R AR )G GER IIES B Kaempferol 0.270 67 0.001 32 1.257 74 l
Flavone and flavonol biosynthesis
Wz % Quercetin 0.084 32 0.001 67 1.260 58 !
= EAF Trifolin 0.225 55 0.00050  1.279 92 !
S 2 Tsovitexin 0.239 48 0.001 73 1.255 20 !
FAAAIR) . 7% I #A # i Laricitrin 5.299 75 0.002 67 1.160 00 1
7T Rutin 0.146 39 0.002 95 1.217 45 !

3] A A e P Y A S P (R 3)
Y R R o- T RRIR AU 2 5
TP RFTRR I A, AR AT i i —

3 WwEEw

AW B 2SS T R4

RRANHS . i 0 B R W ) A . 2R b
RAEWE . ARSI 26 Sk, Hha
4 FOBEEEAE, n o AL DR TR
WAMPRACH o= JRRTR A . 8 I 1 T e 1
E R 7). 4 FREBERER D, YT
FERAEAE PR IR A . IR LR o- P RRIR
FRBHX 3 2R MR ISACE i P 09 13 B 25 22 74X
A NR T AL, 6 FhBTHRZE Y Rl R

ZRINTAL AL R o= RERR,  a- 0 JRR TR
RATRA R HHEIRY), A28 056 R &
1 — F B B S 4 A PO, S R R I R
13(S)-HOTrE #FE KA R AT A=Y, H Hnl &g
2 5RFMR DA BGERE, AT 5%
FIFRI DA A A WIMmR . SRR |
SEATMR H S L 13(S)-HOTrE %5 &/ 3% FTHEE3),
7T 24 17 2 A9 2 40 4 BN T A 0 368 1o, PR B8 A8 4k

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4600 (YIS Gk

Microbiol. China

FRARG R DA S e R Kk B B OB
X8 B[R] 45 1] 1 3R IR AT AR S 2 L HIRAE UK
FHR AP B . TEZE X0 NS B 1= Gt
R 7 8 P, - IV RR PR A 388 I S
FIUAE & AR o- MU JRR TR A5 18 % P AR TR
KA H B AN 13(S)-HOTE & &3, X
AJ REJE A A A ATL ] A S B 2 R oy, A BT
AN E RS

A TRTRZ S A BNGE TS,
b 75 5 5 36 I LA R4 At L ) A 0 3 B0
Savchenko S5U'FIFHFLT . BUEA . 40 B2 YL AT
AR AR A DU TR e S D R o, SRR AR 1Y
R & — P tE Ak b DR ST BT TR 8 B 15
I3 o AT AR AR AR TR K 5 22 AH S A
¥ 5-OxoETE ., 15(S)-HpETE. prostaglandin J,
prostaglandin A2, prostaglandin H2 . prostaglandin
D2 7EAEA: DU IR A5 B rh Al B 25 W R (3R 3),
XEEACHI I RES 5 T R A X NA E R AR
S SRS A S NE o T R TEAE ) AR A W 3 o
JE B BEIE RN A A A DOIRTR . IHRTE A6-2
TR AN RO AE T T 8 e A y- S RIR 5 - JBRTR
1E AS-EARFNEERYVE B #E— 205y —+
V04418 (dihomo-y-linolenic acid, DGLA); DGLA 7E
WA A TERIVER T A AL DRI . R 5% 5
Y B E JE AL A VUG IR . 13-Ox0ODE, WE iR
I y- P RRIR . 25 o AR A I R A 3 v (3R 3)
P PR T 2o T ARE S 22 AR S5 LA ek 2 D R
FERLY) B E Ay R Y BN 8 AR R
(Gibberella zeae) 2 Ye R AZ I}, KA Al il R AT
3N TR TR AT LU 5 AR 5t 2 TR il — 4>
YR T N A SUE o AR N 1 G L
AEA= DO A TR AT it R A 25 R (i TG
B TR R ADRIA IR G, RTIX 2 AR
AL Wi N T AR

B 288 1) 45 ) 22 R PR RN AR AL R P ol A

R AR R LA B AR ) AR A= 3 1 5
P R A EEAMEDY, G, W RHE
W R UL RIS R, RERS 2 25 10 g 12 48 1~ 1
S RO ARAE P LA R R R REAE A AR A6 3
Z29% 1 (Verticillium dahliae) = . 178 & Al
W22 R R iR, i b B
AR AT 114 22 35 T 344 588 A g X D AT PR e B,
B A S BE D Y IR B ot T R X R A
S0 (Fusarium graminearum) 44", 251
THOLT, Y2 B AP riamy, — 282
WYAILZE R . W R TSRS,
SR AICAE ISR AR ) L5 B0 Zhe 250
1 Repo-Carrasco-Valencia 25256 %% B, #il iz
KA Wy R R A A R R Y . A
FRMINFEGRYFEF 5 5 R 2 22 500
Pt R R L AR . SO L S AR
TEREETM, JFH 8% S 87 v i A1 e e
WER LR IR (3 3), R R A 14 B T A1 5
B A=W G A2 BHL, 3 AT BE 5 R 2 2L B A AL
i i S

i bk, R RESE T ELPIEA
PR . WAl R A . a-WRRPR A . B
P 60 A ) A 4 BSR4 R A R A
Forh oS JRR PR AT L 5 TR T R P 14 £ 5
X P A i A 72 A v RE 2 2R 22 o B I 5
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