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Infection process and physiological and biochemical difference between

clubroot-resistant and-susceptible Chinese cabbage lines

SU Henan, QIN Liuyue, YANG Shuangjuan, WEI Xiaochun, ZHAO Yanyan, WANG Zhiyong,
ZHANG Wenjing, ZHANG Xiaowei, YUAN Yuxiang

(Institute of Vegetables, Henan Academy of Agricultural Sciences, Zhengzhou 450002, Henan, China)

Abstract: Clubroot is a worldwide soil-borne disease of the cruciferous plants caused by Plasmodiophora brassicae, lead-
ing to serious economic losses to cabbage and other Brassica crops. In order to clarify the clubroot resistance mechanism
of Brassica rapa, this study was conducted to detect the differences of infection process, defense enzyme activity and the
content of MDA and soluble protein between clubroot-resistant (DH40R) and clubroot- susceptible (DH199S) Chinese
cabbage lines. The results showed that the primary (root hair infection) stage was at 2 day after inoculation (dai) in both
clubroot-resistant (DH40R) and clubroot-susceptible (DH199S) Chinese cabbage lines. With the extension of the infec-
tion time, cortical infection was blocked and showed complete P. brassicae resistance in DH40R, while in DH199S, swol-
len root occurred in the root after 8 dai. The defense enzyme activity and the content of MDA and soluble protein were
measured at 2, 8 and 13 dai. The activity of SOD in DH40R after inoculation is significantly higher than the mock at the
whole experimental stage, the highest peak was reached at 8 dai, which was significantly higher than that of DH199S. The
CAT activity of DH40R after inoculation reached the highest peak 1 572.68 umol-mL" - min™ at 8 dai, which was signifi-
cantly higher than the mock of DH40R and the inoculated and uninoculated DH199S. The MDA content of DH40R was
significantly lower than that of DH199S at § and 13 dai. The soluble protein content in DH40R was higher than that of
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DH199S at 8 and 13 dai. Overall, these results can lay foundation for further exploration of resistance mechanism of B. ra-

pa against P. brassicae infection.

Key words: Chinese cabbage; Clubroot; Infection; Physiological and biochemical index
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DH40R DH199S DH40R DHI199S

13 dai 13 dai 22 dai 22 dai

T : A~ F RRHU0 K F 3 DH4OR HEH S 042581322 d I8 sa ~ £ RIR 800 K F3E DH199S #2H/5 0.2.5.8.13.22 d &, dai
FORERE IR TIH.
Note: A-F represent disease symptom of DH40R at 0, 2, 5, 8, 13 and 22 days after inoculation; a-f represent disease symptom of DH199S at 0,
2,5, 8, 13 and 22 days after inoculation. dai represents days after inoculation. The same below.
1 RFEESE KA DH RIEMIRIE 5 AUIRERREL

Fig. 1 Disease symptom of two Chinese cabbage DH lines after inoculation with P. brassicae

DH40R DH199S DH40R DH199S

El2 #EABER DH & DH40R Fif5 K B3 DH & DH199S RIREME RRAHS
Fig. 2 Infection dynamics in the root hairs and cortex of DH40R and DH199S
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Fig. 3 Physiological indexes changes in DH40R and DH199S at different times after inoculation

.49.



X ISR 5T

hOE R

37 %

13d, JEEASE BT R E X IR i
heE 8 MIEE 13 K, 5 J5 1) DH4OR [l E & A
SR E ST HE AR DH199S.

3 W4

R b B 12 G PR O PR 3 B RS AR B AR G
B JEAZ Y, B AU B AR i 1 7 B R U 2 B
T EUAES MK G2 HOUR BARZ LI
KU GRAESR , S E A A FAERHE Y PUAR
(A B A AL SR AR AT T U E 18 2 H0 AU SR R A
R 132 G B30T Bl e B0 FEARHE AR,
G5O 200 0 25 W0 S AR I o 1 R N2 e ik AR (IR B 1R G
R JZAZ YY), X AR Gl S 4 3] e 28 M R 093 1R EAS
JE A BEAT A2 AR AL FR AR I 5 , A0 4 I A A 4k
FRARTEDL K E 32 M B 22 7, g — D b K
I SRR R 1 26 B A AR B AT LA

Chen &/ FH B A~ K B 281 46 5: B & CRB-
IN3-2 CH AR J 05 ) AT BINZ-2 CJ i 75 ) 422 o i e
4 SN R EON 1 mL, EEE S 12272
96 h W ZZAR FRAZ Y15 100, 45 SR R B 40 A R 42 B
12h ¥WHIIR BEREME FHE 72 h J5 , B R
BIN3-2 H LR Z A= Y, U A B CRBIN3-2 fE4%
WE 96 h kA RKEKRERY, HEE30d )5,
BIN3-2 AR #7498, 1T CRBIN3-2 AR 38 T6 57 % o
AHIEFE A PR R B K S8 DH R 7R 2 1 5 5
2 K, MR B oy A H BN 835 1 AR S5 R AR i
W BEE R 56 5 R, B JE A o 4 W I Ui B T s
B 5 5 8 K, B K 2% DH % DH199S 57 )2 12
PR %, BTG » AR AL /N e, T4t
% K3 DH & DH40R B Y 2238 7129, HT]
RIIER , 3R B HE 18 J5 5 8 K, DH4OR FHEE T AR fif
R 112 4%, v e & P K H2E DH % DH40R {2 4
Je B R ) B S TR T A i A 42 e (] (1) 4
K, B9 K 2% DH £ DH199S Jp & 280 In &, i 2
S it H i B AR AN T I, 5 350 A i e
W sh 7, AR S e O AT 9 BB A ) R
SR SR B T R E AR G I G, (H i B R
A2 ,iX 5 Chen S I LG5 B IR A= G EBURAM KL
A KAEHFA—EL

TR R RN Z 5, RN K 2= A K
PEE(ROS) , 4l H,0,. O 55 , 151 U 4 B J5 (1) &5 44 A 2y
Re, YN T FHAE I GO A, A T B AR S
2%, Hh 145 POD.SOD Al CAT B %2 S5t
I PLIR S 22, SR 20 W P56 o ) B R 4,812 Al

« 50 -

16 d 1 3 A R BT 5 581 CR-ZE 1 AR 4140
() — S8 A B A AL AR AR IEAT I E , 45 SRR, FAR
Je B 2 J5 L U0 R I CAT W& M T B M, it
J PR ) SOD WEVEIE(EIITES 8 R, Hyt
Ty ] R = e ST N TS SE IR AN
3% DH % DH40R 7t % /M2 J4B B, #: 5 J5 SOD
TS T R R E AR 8 R
DH40R # SOD G PEik Bl , B % @ T
J& ] DH199S. #i7% K 3% DH % DH40R [
CAT WEMEE 2 Rk, HE2m T W F K
DH199S , % 1% J5 2% 8 X, DH40R (1) CAT 3 1414 £
IE{H 1 572.68 umol -mL"-min™, & 3 & T HiHi KA
3¢ DH & o b 0 IR 41, 2 B 5 B K AR
DHI199S 1] 2.84 f%, YilH CAT 7EH 1R )5 55 8 KikF
K& H0, LA4EFE DH4OR & P 1R RGifads, 74K
PRI B 2 E R ZER , 5 R I i
FEER—3. MDA & ERENE1E N I e i i AR i
FAFR B R 205 F AR I — > L ELHE AR , MDA
R T R A A 2 B 4 SRR,
5 5 2 RITIR, U K H3E DH R 5 ¥4
i #E MDA & & —H 2 NS, AR B
RYAR B (G 55 2 KO I T K 322 B o R 4/
P W 5 B K A 32 DH199S , 32 1 J5 55 8 Fl 2R
13 K, B F T 856 )5 19 DH199S, 3X 35 B 195 K
3¢ DH40R #E AR B = G4 5 , iR B 1R e p By (4R
JE 55 2 ROM) SOD Fl CAT %5 [ 1H B 1% M 5K, AN
RE 56 A TG BR AR P ik S8 A0 7= 4, BE A 1R e I (0] 1) 28
K, B 555 8 K, DH40R it SOD Al CAT %
I8 FNEAE , v DL BRAR P o S8 A0 =90, 40 1) 457
P, TG I SR AR FE AN v, AR 2 405 AL BEAS
Ho AV PE AR AR PR BRI B T G,
AR, TEEEASESEDPUER = EG —E
KR, FEARPFH  HEEE 2 R, R KE R
DH % DH40R H (1) ] ¥ 14 25 B & SR T R 2 ox
B AR K 5% DH % DH199S, DH199S 1 ] vk
FEATEMM T RZE X RA, MEH 8 M
13 X, DH40R H [ ] 5 14 85 2 = T B K A
3% DH % DH199S, H /& T DH40R o #2 B %) ff 2,
1M DH199S A vl 7 14 85 3 S AR T o 422 1 0 e
10 S PP R AR B, H R R R R
HEs b pUR M TEEEL S ERK, 5%
TS A — 20 HEN AT B8 5 A R A HTUR
Ji B 52 G PRI B AN [ O

25 bR, 2 I T AS 4 A A S AN A [



5 634 JI B 85+ R A SRR 7028 it P ) 4R et e e A B A e 22 5 e A

X ISR 5T

RO PUE K 32 DH R7E R FBAMZ YT RN 5
ALY S (B 225841322 D I 1 & SR 1
T FHAR e B8 1R 452 G sl 2%, 573 A5 AH 5 AL BR AR A 4B B
HATIE , RIMAEFE R 5 28 8 K, 12 YL A A Ak 3
TR FRTEDL B R 2 (AP TR B2 5 HEWT
TERE B JE 5 8 KDL BRI P 22 5 77 AL () FL 2L
B HA . A 5T 45 IR O JE 42 3 AR s Bt e A O 3
ER] J2 AT AR B P 2 AL B 1 kAl

(1

[2]

[3]

(4]

(3]

[l

(7]

(8]

9]

[10]

[11]

[12]

[13]

Sk
R, BALEE IR R A, S O A S IR MR S PR 2
JRE[]. R E R, 2020,33(8) :27-31.
2R, L, T, AR AR IR R S R A I A S MRIR
PR [I]. FREREE, 2020, 33(7) :39-43.

LIU L,QIN L,ZHOU Z,et al.Refining the life cycle of Plasmo-
diophora brassicae[J]. Phytopathology, 2020, 110 (10) :
1704-1712.

IMIETS XL, B4, & 48 SRR s B Jgk ot i T 422 G 72
A AR AR 22 5 00 M (0] o [EDORE ) 22 4, 2022, 44 (3D
642-651.

NP7 0 AR S R e A 8 A ) 82 % 725 S 30 ik A
MDY DU A2 U TR K5, 2023

BAKER B, ZAMBRYSKI P, STASKAWICZ B, et al. Signaling
in plant- microbe interactions[J]. Science, 1997, 276 (5313) :
726-733.

b, ERKE, A B, 4 AN R HUR 22 B AL i Pl AL 1)
P R I AR A 0 i B T M b AR A A, 1993 (g T
1):119-122.

LT T SR AE:  BVIEIEE . K S it o TR AR s I 2 S Kt
PEAERE BT[] B T 2,2012(11): 140-143.

KRISTENSEN B K, BLOCH H,RASMUSSEN S K. Barley co-
leoptile peroxidases. purification, molecular cloning, and induc-
tion by pathogens[J].Plant Physiology,1999,120(2):501-512.
5 5 W B AR S 1) 8 b A R A 22 (D] HE K VM OR
2019.

RELTT , MR, R B0, 45 AR AN BR FR I A SR
FAE A SRS A S A R S R (0] 0 JEAE A 2 4%, 2015, 35
(12):2469-2476.

JRRAT, G BN, S5 TR R A8 K 1 SR s B A 3N Aol
Y E[I] I R R, 2017,46(7) : 71-76.

YUAN Y X, QIN LY, SU H N, et al. Transcriptome and coex-
pression network analyses reveal hub genes in Chinese cabbage
(Brassica rapa L. ssp. pekinensis) during different stages of
Plasmodiophora brassicae infection[J]. Frontiers in Plant Sci-

ence,2021,12:650252.

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

TRV EE AP, M, 45 L G5 ERHIEANME T TR IRAL K
AR 22 RIRARARE S0 FC[I]. 332, 2018 (4) : 30-36.
DONALD E C,JAUDZEMS G, PORTER I J. Pathology of cor-
tical invasion by Plasmodiophora brassicae in clubroot resistant
and susceptible Brassica oleracea hosts[J]. Plant Pathology,
2008,57(2):201-209.

LIULJ,QIN L,CHENG X H,et al. Comparing the infection bi-
ology of Plasmodiophora brassicae in clubroot susceptible and
resistant hosts and non- hosts[J]. Frontiers in Microbiology,
2020,11:507036.

KAGEYAMA K, ASANO T. Life cycle of Plasmodiophora
brassicae[J]. Journal of Plant Growth Regulation,2009,28(3) :
203-211.

FEIE IS T AR s AR DG A B AR A R AR 1K 4 BT [D] . EE PR
PURE K% ,2013.

Sy PEPE W SRR AR PO A R RO O A AR A K T
FE[D]. B4 ] 5« 413 5K, 2015

B WU AN, 55 AR R R Gt ST R it A 17 7
BV VL A e e I BIT 0] AR 2431, 2018,45(2) :290-298.
B2 L AN IR E SR A St 3 g L AR 7 1 6 5 M R 2R 1
Z3HT[D]. B : = F K5, 2018.

CHEN J J, PANG W X, CHEN B, et al. Transcriptome analysis
of Brassica rapa near-isogenic lines carrying clubroot-resistant
and - susceptible alleles in response to Plasmodiophora brassi-
cae during early infection[J]. Frontiers in Plant Science, 2016,
6:1183.

LTI . 25 AR POk VA 578 B OC AR AL $E #5 43 # [D].
K PR, 2016.

DAT J F, PELLINEN R, BEECKMAN T, et al. Changes in hy-
drogen peroxide homeostasis trigger an active cell death process
in tobacco[J]. Plant Journal ,2003,33(4):621-632.
POLIDOROS A N, MYLONA P V, SCANDALIOS J G. Trans-
genic tobacco plants expressing the maize Car2 gene have al-
tered catalase levels that affect plant-pathogen interactions and
resistance to oxidative stress[J]. Transgenic Research, 2001, 10
(6):555-569.

GILL S S, TUTEJA N. Reactive oxygen species and antioxidant
machinery in abiotic stress tolerance in crop plants[J]. Plant
Physiology and Biochemistry,2010,48(12):909-930.

B RPN, L B U 5 KR R R B K 5%
R[] #2441, 2000, 26(3) :254-258.

R, HR A, 50, 45 TS (O MR i iy L 28 24
PRAE ARV 22 I (0] B, 2005C1) £ 15-17.
T, B, XE AR, &5 ORTEB B HL AR S R
TEBR AR T3 (9] WP AR, 2004 (1) : 23-24.

« 51 -



