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Photographs of developing callus of infected clubroot tissues
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T (#ik) . A: Secondary plasmodia (yellow fluorescence, stained with Nile Red) were full of callus cells; B: Secondary plasmodia

(arrows) ; C: Resting spores (arrows) were released from plasmodia.
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Fig.2 Development of P. brassicae in the callus cells generated from the infected clubroot tissues

P. brassicae

Mock

P. brassicae ; FEFMAR I A ARG T 5 Mock: A< $2 R AR b I 19 XF BEZH ARG T . P. brassicae: A. thaliana infected with P. brassicae; Mock:

A. thaliana without inoculation with P. brassicae.
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Fig.3 Arabidopsis plants were infected with P. brassicae on 1/2 MS medium plates
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Es E:RBWGEH A F R L BN F R BT BIE B G R BFE A 53 240 B K A B PR HIR 61 i 40 M % K HL AR TE A
P9 . A: Root hair adsorption; B: Formation of primary plasmodia; C: Plasmodia cleave into zoosporangia; D: Roots are filled with
secondary zoospores released from zoosporangia; E: Secondary zoospores penetrate root cortex cells; F: Formation of secondary plas-
modia (SP); G: Proliferation and division of SP cause hypertrophic cells fulfilled with immature resting spores; H: Gall formation on

Arabidopsis roots.
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Fig.4 Different development stage of P. brassicae infected Arabidopsis roots on 1/2 MS medium with Nile Red staining
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Fig.6 Volcano plot of differentially

expressed metabolites (DEMs)

@ {34 Experimental group
A XHEZH Control group

150
100F
sof :. ®
o
- 0 v—V
50}
7 vy Vv
~-100F
-150F
200 1 1 1 1 1 1
=400 -300 —200 —100 0 100 200 300
PC1
B 7 RXWAMITEAE PCARITHESE
Fig.7 PCA score plot of treatment group (circles)

and mock group (triangles)
N T k2D ART AR TR | R A4 40 T A A8
AR AL AR B AE I A bR AR R A B AR 2R
95— Fwe /I 3 ] 3 Ay (PLS-DAD HIIE 52

AT AL, 5 PCA L, PLS-DA Fl OPLS-DA
FE 51 FF i 20 25 A5 I8 T B, DA 8 R4 ) 2 5
SR A1 4 B RCR . B4, OPLS-DA if B8 98
Aﬁi%ﬁ%*ﬂﬁa‘émﬁra ol /0 M T T A

2NN AR T AR R A R R, OPLS B 7
%iu PLS R 58 12 45 F Ay Fe Al

&l 8 o PLS-DA 43 #1145 43 L X B4 At 56
HorEiasi g, iﬁﬁfﬁﬁé‘f‘ﬁ%(cros% valida-
tion) X} PLS-DA A #1750 UE (£ 1), 7 3 > F L
I3 B S SUR R Q° i@k?llmﬁ{’ﬁ 0.097 5, BZit1{A
Q* (cum) iK% 0.885, H 3 MHA 4T X MY By R
fig BefiE 71 R X Ccum) Fl R*Y Ccum) 43 %4 0.736 Fil
0.994 , 15 B AR A (1% a2 4 R mT 0000 B g DA B %o 5 4
B LA BE RS 4f 6 1 OPLS-DA [l s 3K

@ K324 Experimental group
A 51 84 Control group

200

150 ®
100

s0f ®

0 v °
-501 2 A 4 ®
~100F
~150
~200}

—250 1 1 1 1 1 1
-250-200-150-100-50 0 50 100 150 200

PC1

PC2

8 RIAFITER A PLS-DA T IG5 E
Fig.8 PLS-DA score plot of treatment

Ptse /Iy 3 F 51 4 B COPLS-DA) X AC i6f 4 4l & group and mock group
® 1 PLS-DA#EMIEIE
Table 1  Validation of PLS-DA model
4>+ Components R? R?X (cum) R%Y R?Y (cum) Q? QIIfi FH Q7 critical value Q?%(cum)
PC1 0.355 0.355 0.757 0.757 0.317 0.097 5 0.317
PC2 0.303 0.658 0.206 0.963 0.719 0.097 5 0.808
PC3 0.078 0.736 0.031 0.994 0.400 0.097 5 0.885
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Fig.9 OPLS-DA score plot of treatment group Fig.10  S-plot for OPLS-DA (The black triangles
(circles) and mock group (triangles) indicate important candidate biomarkers)
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Table 2 Identification of partial important DEMs
R 7 B B [F] / min i L sy ¥ Y E 2 R
Metabolite Retention time m/z [M]! Formula Identification
M519T2508 41.800 495.346 26 Cos Hys O7 3 ZE N Brassinosteroid
M438T2096 34.939 435.189 06 Cz5 Ha5 Os 2435 Flavonoid
M437T2096 34.938 413.196 26 Ca1H30Og A ZE Lignan
M479T2487 41.456 455.351 26 Cs0Hus Os 2% Triterpenoid
M301T2353 2 39.214 277.144 26 CisH22 Oy %205 Sesquiterpenoid
M519T2694 44,906 517.285 06 Ca9 Hyz Og $ A2 Steroidal glycosides
M701T1025 17.086 677.495 26 Css H71 Og P WM& e H i Phosphatidyl glycerol
M816T1129 18.811 813.641 06 Cy7Ho1 OgP WENERE Phosphatidic acid
M580T2508_9 41.794 578.360 06 Cos H5i NOy P NG B 22 2 R Phosphatidyl serine
M702T1025 17.088 700.488 06 C3s H72 NOgP Wi R Bt 2 BE M Phosphatidyl ethanolamine
M588T890 2 14.829 564.411 26 Ca9 Heo NO7 P Wi NG EE AL TH Phosphatidyl choline
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R AR R T 5 AU AR AR R
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1R Y I 161 2 3 40 It e R B B TR 0 288 8 B g B
20 B A 7 A 1 KA b R A i v AR A A s R
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BR 1% G% EA0) L 400 R O A SR AT 558 ) TR B
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Metabolic changes of Arabidopsis thaliana infected with
Plasmodiophora brassicae based on LC-MS analysis

HE Zhangchao
XIE Jiatao

GAOQO Zhixiao BI Kai ZHAO Ying CHENG Jiasen
FU Yanping JIANG Daohong CHEN Tao

State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University/
The Provincial Key Lab of Plant Pathology of Hubei Province, College of
Plant Science and Technology , Huazhong Agricultural University , Wuhan 430070, China
Abstract The aim of the present study was to find some important metabolic biomarkers of Arabi-
dopsis thaliana roots infected with Plasmodiophora brassicae at the late infection stage. P. brassicae
spores were extracted from callus cultures of clubroot gall sections, co-cultured with A. thaliana seeds
on 1/2 MS medium and then after 45 d metabolic changes of the A. thaliana roots were analyzed by liq-
uid chromatography-mass spectrometry (LC-MS) technique. The results showed that P. brassicae could
grow and develop in callus, and after co-cultured with A. thaliana for 45 d, microscopic observation
showed that the pathogens had a complete life cycle on the medium. Multivariate statistical methods of
PCA and PLS-DA suggested that the metabolities of experimental group (inoculated with P. brassicae)
and control group (uninoculated with P. brassicae) differentially expressed. The results of OPLS-DA
and t-test showed that the metabolites of flavonoids, lignans, terpenoids, steroidal glycosides, brassi-
nosteroids and phospholipids were significantly increased during P. brassicae infection, suggesting their
potential important roles in interaction between A. thaliana and P. brassicae at the late stage of infec-
tion.
Keywords
LC-MS
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