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Molecular detection and diagnosis of clubroot caused by Plasmodiophora brassicae in oilseed rape
GUAN Ge —ge' ,XING Man — zhu' ,PANG Wen — xing”,XIA Zi — hao' , YANG Xin —yu',
PIAO Zhong — yun®, WU Yuan - hua' ,LIANG Yue'"
(1. College of Plant Protection, Shenyang Agricultural University, Shenyang 110866, China;
2. College of Horticulture , Shenyang Agricultural University, Shenyang 110866, China)
Abstract ; Clubroot has recently become one of the main diseases of oilseed rape and cruciferous crops in Chi-
na, which seriously affected the yield of cruciferous crops. Therefore, an efficient method with a high efficiency for
molecular detection of P. brassicae was developed for accurate diagnosis in various samples using a pair of specific
primers ( PbITS1) designed on ITS (internal transcribed spacer) sequence, and the molecular detection of P. bras-
sicae and disease assessment were carried out by PCR procedure. The results indicated that PCR system could spe-
cifically detect P. brassicae without any amplification product from representative soil — borne pathogenic fungi, bac-
teria, nematodes and endophytes. Sensitivity assay showed that the minimum concentration of template DNA was 1
x 10 ng/uL, the minimum number of spores in the contaminated soil was 1 x 10” spores/g soil, and the minimum
level of spore with seeds was 1 x 10° spores/g seeds. Moreover, rape and other cruciferous plants (e. g. , tissues
and seeds) and soils could be applied in this detection system, meanwhile roots and surrounding soils collected
from the different growth stages could be used for disease assessment. The benefit of this detection system was con-
venient, sensitive and specific with a wide range of detectable samples, which provided insights on detection of P.
brassicae as well as the diagnosis, monitoring epidemic pattern, and integrated management of clubroot.

Key words : Plasmodiophora brassicae; molecular detection; clubroot
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T SR AR i 2 R 25 22 AR M 1 ( Plasmodiophora
brassicae Woronin) 5| 1) —Fp it 0 + 15905 % . 48
B, R i 7 S A A DU e S 0 e 7 Y R
1878 4F 1 IR MR e B AR GE 5 B )5 32 4F & i, 7
IR FAERHEY) 7 XA AR ) 10% ~ 15% W22
ek . REMN W T SRR T
SEM X A R SEEEAR I A R TR s R
(Protozoa ) AR fift & ] ( Cercozoa ) 41 ¥ 7 AE Zb 141 24X
( Phytomyxea ) AR JJf i J& ( Plasmodiophora ) ' o AR Jif
B TR P25 AR T, 76 RS K sy FLAm R Tk 3
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WAL P15 ) 9 PCR R A R HAT H 2L
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FERHAR b (4 - S92 Wt B 3 A T PO SR R 2
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1.1 ##

R A L fekt FFE K% F8E 5 AWK 91 32 ( Brassica na-
pus, ZHGHE) , KA (B. rapa var. pekinesis, {1 55
BT , 2RI (B. juncea, BTGB ) o R T 43451
F2(B. napus , Wi ¥-4 5, 5BFER) . KEZK(B. rapa,

91 - 12, Ki&E/KIE) . H % (B. oleracea, 1 11,4t
FHEMTEAT) B 32 (B. rapa subsp. chinensis ,
FHCALRU, ) NS (B, campestris , PUZ= 754,
G RN ) V# D (Raphanus sativus, /N E B,
FEARITA) .

L3 i 40 B PN A TR« S BB 0 - A R 0 s it
Yy SRR A SRR A PN 20 B G PN AR T, TR R A
&1 7 (Alternaria alternata) | JRK 5] %5 # 1# ( Botrytis
cinerea) 5% K < JH & ( Colletotrichum destructivum )
e Pk 78 I ( Fusarium avenaceum ) . K 5. 9% B #
( Phytophthora sojae) . 22¥% & ( Rhizoctonia solani) 1%
FL ( Sclerotinia sclerotiorum ) 3 20 7 63 45 1 FF 7
(Agrobacterium tumefaciens) . | T {28 MU A ( Pseudo-
monas syringae ) . 5B FF & ( Pectobacterium carotovo-
rum) VB A R S B ( Ralstonia solanacearum ) (A 17
WA T ( Xanthomonas citri ) 3 F 5 i 3% 2k 11 ( Het-
erodera glycines ) FIHE S T SRAR B 7 25 1 9 A 20 71 1
¥F i ( Enterobacter hormaechei ) | 7 # ¥ 1 ( Bacillus
megaterium ) o HE B AR DR BT 2k B AL R 1 )
PReF B M2 =

T3 SRR ZURE i SR A L BBTHE (N30. 08°,
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FO(N41.83°,E123. 02°) B4 H 3 FE 5 Ay pg b
Ji AR SR [m] ) SR AR AL T AN W] A A B B =
(F&F0I5 1530 F145d) RARZH S J il 3%
1.2 7%
1.2.1 PCR #ph & fbisl I m 7e o 2% 55 4 Bl
RS (LA B 200g, AT BE 20g, ddH,0 1000mL. )
Bt 4d J5 , A CTAB 242 UL SE R 2H DNA . 41
28 C A% 55 120 J5 A1) H1 40 7 12 7] & ( Bacteria
Genomic DNA Kit, CWBio) & HL DNA, £k 5 % FH B
2R L DNA il #5321 0 AR DNA SR 20147 st
7 £ 32 ( FastDNA Spin Kit,CWBio)
1.2.2 31#pi%kit WRIEZZHAE P. brassicae %
Kl £H ( accession number GCA _001049375. 1) 51 ITS
Fe3), R L #PE Primer 5.0 3f N TAE IEBHH519
PbITS1 — F (5’ — GAACGGGTTCACAGACTAGATAG-
CAGTG - 3") 1 PbITS1 — R (5’ — TATGCCGCAG-
CAAAGCTCATTGTCT -3") .,
1.2.3 PCR R E 4t LI 10ng DNA fE AR,
PCR SWARFR 20w, W45 0T : A2 95°C 2min;
AR 95°C 30s, 3B A BR EE 50 ~70°C (] FG 2°C ) 30s,
72°C FEA# 305,35 AMEFF ;72°C ZEH 10min ;4 °C {377 o
PCR W) 1. 0% B HEHHEE IS ri vk A
1.2.4  Flp4 il BEMCZEZTAR I s AL &
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2pg + pL™' 1pg - uL7' 100fg - pL™', B ddH,0 ff
WX G BRI PCR 23 g DNA AR 7 4
o G3Ah, A PCR SR 52 %F - 498 v AR e 7
T R, K 2.5 x 10° KRR AL TR A
0.25g+H, il AT HAEE S 1 x10° fi1F/g 4, R+
3 NDA IR EEHGA 7] & ( DNeasy PowerSoil Pro Kit,
QIAGEN) #2H +4¢ DNA I8 BE R BR 1 x 10° 1 x
107 .1 x10° .1 x10° .1 x10* .1 x 10° .1 x 10> T/
¢ HHERE S L ddHLO 1 2 [ #E X R 1A% PCR
SV AAR 8 %F - 48 AR e 5 e A R R A
1.2.6 FREEMFRGFFER  JE0LXA L
TRURE Sh AT A7 AR D, A 96 77 A (M e 2 A AR

MR R CH O ZRR TR ) LA Gl
PIUNEP NN AN E IS PIVINE PN DI LY
M 1 2 3 4
bp
700 =
500 =
300 =

FIRHAE 7 SR FIR A 4 1 x 107 MRIRIE /g
Fhpreih) 0 R B B3 i £ a3
R (RS 15d.30d F145d) , L (CR A
LT3 B R 1 5 R R 22 U5 8 R il = LB
WAL E B At ) | i A8 ) B R 24H DNA 42
B 7 & ( DNAsecure Plant Kit, TIANGEN ) £ - 3
DNA $2 i) & 2 B DNA Jf3i#47 PCR A&

2 HREGHH

2.1 PCRy#5EK

Pl 58 25 B0 AR I TR 25080 P2 TR S [R) B o 5 1TS 7
A, Bt R S 514, PCR 47 4 S AR A% 1R A B K/
ok 539bp., JEiE PCR 7= I i B A 5 A 50
¥, 45538 PCR 31717 51 55 850808 7 b R b
BUFH|—3, ok, it ik PCR FhaR kil B &
B, 1B KEETE 50 ~T70°C Z M ¥ RERS P48 £ — 1k &%
W (A1), £BiZ PCR KR 5| ¥ 4: Sk w, Bt
RS AR R & R AT E R AR, 5T
rE,

6 7 8 9 10 11

7 :M:Marker; 1 — 11 4351 1B K& EEH 50 .52 .54 .56 .58 .60 .62 .64 .66 .68 F1 70°C I} PCR 31 y=4)
Note: M : Marker; 1 —11:Amplification products at the anneal temperature of 50,52 ,54,56,58 ,60,62,64,66,68 and 70°C
B 1 PCRREFM4(RMEE) LKL

Fig.1 Optimization of annealing temperature in PCR reaction

2.2 SR

PAHERR ) 22 RE B DNA 1B MR ST PCR
it a5 R FAE S ) R R S ZEAR B B P. bras-
sicae BAL DNA 4745 80038 , i He e EL 0 L 40 7

M 1 2 3 4 5 6 7

bp
700 =
500 =

300 =

8

2 P A R P B B e (L 2)
VAT PCR Rl op A FT 05| % 22 SERR A P. bras-
sicae AT I 5

9 10 11 12 13 14 15 16 17

1 M : Marker; 1: ZSZEAR TR 2 A% BETE 53 KA F00 14T 54 2 S K OBRIELTAT ;5 - 22 0% 0 5 6 < SREAE TR 5 7 AR TR TR ;8 . KGR ;9 : RIEAFI;10: T
E AR 5 11 MR B B AE T 5 12 ST B 5 13 - T A T AR ECBRT 5 14 I FE B 5 15 2 ZEIRAF 1 5 16 . K G B 3E4% e ;17 : ddH, 0

Note ; M : Marker; 1:Plasmodiophora brassicae; 2 ; Sclerotinia sclerotiorum; 3 : Botrytis cinerea; 4 : Colletotrichum destructivum ; 5 ; Rhizoctonia solani; 6 ; Fu-

sarium avenaceum; 7 :Alternaria alternata; 8 ; Phytophthora sojae; 9 :Agrobacterium tumefaciens; 10 Pseudomonas syringae; 11 ; Xanthomonas citri; 12 .

Pectobacterium carotovorum; 13 : Ralstonia solanacearum ; 14 ; Enterobacter hormaechet; 15 : Bacillus megaterium; 16 ; Heterodera glycines; 17 :ddH, 0

B2 S|¥4sRit

Fig.2 Specific detection of Plasmodiophora brassicae
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2.3 SIMREE AR IHAT PCR KU, i — 20 PF Al PCR by 4 &

PRI S EEAR T DNA S 5, Z0 e B A - S v MR e B 35 1 ) R o i RONAR &R
AR BEWEAT PCR § 38 . PCR OBz AR DNA ¥ A AY 3P AR B i/ 7 & 5 R IR 1 x 10° 4
JETFBRM Ipg « wL ™', [RIBHY 38 KA BE R A AR e /g HFE(E 3B) 1 L3 T & AE 1 x 10° 47
JE R ARG A2 otk 55 ( 181 3A) iR DNA ¥REEAE 100fg /g b KBRS IRAOREIAROR H B 1 2%l , e ]
o« WL KBRS BEOCIE AT A Y . LA, K PCR KGR Z 0 HR i 3 DNA K + 38 i J5 7 4 1
A AN () Ve 3 AR b TR 96 - A R BRI DNA A HAARem Ak

AM123456789IOBM12345678

bp

700 -
500 -

300 -

bp
700 =
500 =
300 -

TE: A DURIRI R DNA S BEARIEAT RGN 5 B« L5 AN [a] e BE AR I B A0 1) T AE rh 2 0T DNA AR S AEAGHEA T
Note ; A ; Sensitivity of DNA template; M ;Marker; 1:10ng - ML’I ;2:1ng - p,L’l ; 3:100pg - ;,LL’I ; 4:10pg - ML’I ; 5:8pg - p,L’l 3 6:5pg - ML’I ;
7:2pg - p,L" ; 8:1pg - p,L’l ; 9:100fg - ML’] ; 10:ddH, 0. B:Sensitivity of spores in soil. M;Marker; 1:1 x lOgspores/g; 2.1 x 107 spores/g; 3:1
x 10%spores/g; 4:1 x 10°spores/g; 5:1 x 10*spores/g; 6:1 x 10> spores/g; 7:1 x 102spores/g; 8 ddH,0
3 PCR LAH15 DNA B + S ER IR ik
Fig.3 Sensitivity of PCR detection from template DNA and soil containing Plasmodiophora brassicae

2.4 AEXEBHRBTEQN T AN o B Ah, X R AL T A [ S T H 4 SR

XREG SAERE RIS S L e R T BT AR, K A (R 2R R - R B RE S
MRERILURE S e T PCR AN, R 3 EAIIDRERE RS tiseiir (181 6) , SR BN [a] e 38 v 24 2 A A A 7
P3G HVRR SRR AT, A BRAE AR S B XS BRINCR . H PCR OBAN 32 3R B, e T2 F T AN [F)
YA (18 4) , RUFERAET W) Je PCR ONEAR T 3ESRY AR AN o AN [ A= I B Bl SRR
RAZA MY W, SHRA RIS TR A IR I TR, 25 R R v S 1 S
WSS E A PR FHY TR 54T PCR PCR IR ZRREMS F T AN [ 0 B B iy MLAGL I , o
K (& S) iz e | YA 2 2F WA 710 SR b TR A R el i 2 22U AR A
SR, e F] T L+ BB AR ARS8 7).

M 1 2 3 4 5 6 7 8 9 10 11

bp

700 =
500 =
300 =

T :M:Marker; 1 —11 434854k DNA 43558 B F, 1 BORTINIEE 2  AERRINSE ;3 - B 138 54« (R 138 55 - R 1 5 6 - (R T 0 7 - B 250 O
8 MR ZRIRIT ;9 B D510 (8@ | ;11:ddH, 0
Note: M; Marker; 1:Diseased rape; 2:Health rape; 3 :Diseased Chinese cabbage; 4 :Health Chinese cabbage; 5:Diseased cabbage; 6:Health cabbage;
7 : Diseased tumorous stem mustard; 8 ;Health tumorous stem mustard; 9 : Diseased radish; 10;Health radish; 11:ddH,0
B4 mRREE+TFERNFIEYTEEN
Fig.4 Detection of Plasmodiophora brassicae from oilseed rape and other cruciferous plants

NPT R F RS, AT SIS ] L8 Fh - Je 27 A

o Y3009 T2 W B TR ARSI, Ay AR ) S5 78
B 3 TR 5 BF 98 e, PCROBOR PR 8 A M) B 3 By 428 B 0 BOR il . 46 [ Ab
HOEE EFRRE A ST TR E 2. PIESEEAA PCR BORX B3 b RER AR ZH 21
TRIEISE SR A A NI A T Y AR BRI (R AR AR E e
X MR PO TR | YR B eny BRRAIA TS 51, g PCR S %o+
PCR #ll R4, A 5 THAE e rkom A IIFE S FAEREEE S AT AR i Tl s A I, E R BB 5 iU PP Ay

3
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TE:M: Marker; 1 ~13 SRR RPN RRIRALF 5P FIR A 45 1 x 107 AMRIRAL T/ BFRESh o 1.2 50 BB AERRASERN T3 4250 51N
T R R SR F55 .6 43 B BRI R 57 .8 < 43 D R B R H R 59 10 3 B AEER I SRR 111243
SR I ARG /N S (U ZE ) 513 :ddH, 0
Note ; M: Marker; 1,2 Diseased and health rape; 3,4 :Diseased and health napa cabbage; 5,6 : Diseased and health radish; 7,8 ; Diseased and health cab-
bage; 9,10 Diseased and health Bok — choy; 11,12 ;Diseased and health non — heading Chinese cabbage; 13:ddH,0

B5 mRRET+TAMNSEENHTEERN

Fig.5 Detection of Plasmodiophora brassicae from oilseed rape and cruciferous plant seeds

M 1 2 3 4 By S0 H T g TR . ARBIFSE PCR IR
IO RAEE A 2, AR RSB DNA ) f iR S ]

o P Tpe -l R T RS 10°
o AFBT/x R FIN U B 4 R 7
. FEIAMIGE S 1% 10° A7/ -7 T 1

10* AF/g +1 o [, [ Py SMIF 5 2 0 HH ) £
M Markers 1T 59T 9 AR EESE, 2. kg g ST TURIEAE 1 x 107 A7/ kP, 2F £

S 3 WL T B 2 a3 I 4 ddH, 0 TR AR A AR T R AR H 2 4 4 rh Ay
Note: M ; Marker; 1: Xinmin, Liaoning Province; 2: Jixi, Anhui Prov- N . . \ “
ince; 3;Yichang, Hubei Province; 4;(g1dH20 %mgﬁiu 1 x 105 /I\?@%/g iﬁ%uiﬁ#,@l}(

B6 REZEEHE LSRR SRIBUH BB PR ™ o LA, AR I A A ] A 3

Fig.6 Detection of Plasmodw{zhora br(:lsstcaefrom different INFRER S KBRS ITS (SR T ) 7 () e i A
types of the contaminated soil samples e e 4 o 18]
F A RESE T () A BN AR AR i A

bp
700 =
500 =
300 =

T A NS IRUONRERR S 45 .30 ,15d HIEJ A2 1 S BERARALZL; B PCR 4 o M: Marker; 1,4 73 5| AR B G 45d il AR S £ 3 b K
1) DNA BRI 4% 774052 #0523 5 LAREFI S 30d SRR ZHSUR 138 h SR DNA SRR 1§ 357453 706 o 73 B LAREFfS 15d ISR
ZHLRFN L3 P 4R B DNA S B0R 4 547747 ;7 : ddH, 05 8 — 11 ; Amount of 1 x 10,1 x10% ;1 x 10* 1 x 10® spores/g soil
Note: A ; Different growth stages (45,30,15 days after seeding from the left to right) with rape roots; B:PCR assay. M:Marker; 1,4 :Root and soil sample
collected at 45 day after seeding; 2,5 : Root and soil sample collected at 30 day after seeding; 3,6 :Root and soil sample collected at 15 day after seeding;
7:ddH,0; 8 —11; Amount of 1 x 10%,1 x 10°,1 x 10*,1 x 10* spores/g soil

7 R B SRR B £ SR AR A R T

Fig.7 Assessment of rape at different growth stages and soil contaminated with Plasmodiophora brassicae
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