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Obtaining and Identification of Single-spore Physiological Races of
Plasmodiophora brassicae in Williams System

ZHANG Jing', WU Yue', FENG Hui, GE Wenjie, LIU Xuyao, LU Mingcan, WANG Yilian, and JI
Ruiqin**

(Liaoning Provincial Key Laboratory of Genetics and Breeding of Cruciferous Vegetable Crops, Department of
Horticulture, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: We combined the single spore isolation technology and Williams identification method to
isolate single spores of Plasmodiophora brassicae from nine major Chinese cabbage producing areas in
China and identify their physiological races, to obtain more types of single-spore physiological races. A
total of 281 single-spore stains were obtained and identified by Williams identification, these single spores
belong to 15 types of physiological races other than No. 5 physiological race in the system. Among them,
191 single-spores were of the No. 4 physiological race accounting for 67.97%. The dominant physiological
race in the 9 regions was No. 4.
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identification of physiological races
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18 ~25 C, LIEKF/KE 70%, pH 5.4 ~6.5. 4% TR KRR A BN 8 R A P,
Williams A& P /Nl 45 58 28 40 A0 BRI AR b B 28 BN Fh 45 58 248 (European clubroot differential set,
ECD). ECD %E RSt/ 2ikH A2 8MSE (Brassica campestris)« HHEHMSE (B, napus) FIH M
Tl (B. oleracea) ") 15 NEERIZF L, AT/ 75 75 A S5 L RR R EEAR N B, JFH
B HE SR 3 A RR AR R A A R, BT ECD VAR F MK L, FEEMREE L, %0 T1E
BONEB, HARAEXMELIATE . T Williams A BN E RGCH 2 D453k 5% 32 Badger Shipper
(BS) #ll Jersey Queen (JQ) Fl12 AFE# H 5% & Laurentian (LT) 1 Wilhelmsburger (WB), #R#
Williams (1966) (¥4 1 /N 55 551 25 53 5 1 2 10 SR A 5 DUAR 45 & DARA 8 AR B/ . 28 Williams
A FRNRR R G S B R, BRAEBONTEIE, W H T2 80 A .

905 S TR 1R 23 B Al A W A T B Ay B R R o G0 TROK KRB B KRR R o 1 AT 55 i R —
R FH ARy B B R SR I AAL 5 1 2 5, P ad I S A 0 A/ NP BRI SEEAE
PERBGTAE, PR B AT T g B (oK, 2014) . (H H R0 THR I B A 45 B R B dikiE
b Jones %5 (2010) K HLfrBHAL ECD B8 KRG AEH, H T MBI A BN e 4
T2 4 /AR, 225 (2012) REATABEA IBE LS Williams 5 5E 2 GEAH 45 & 24T A2/
g, R TAFRTRAMEE N 45, WIS ERXARAME R 10 5. ERTHTT,
X — FLEE (2017) KB T — P s Ry RodRS A AR i e B A 20 B BOR, IR R Z R 456 Williams %
JE FRGRTIL T DL T AR I B AT B B, 3RAS 4 ANAEBR/NRR, R 4 S NROR AR N

%8 Williams %558 KA/ T LIRS 16 Frofd, (HHAnX SR E 4. AR
IR A 1T I A R R AR M B A A BRI 9 AN K S 3 7 IX AR b R AT LA 4y
5, JFKH Williams %55E R4000 70 5 2 B A AT AR BN 8, AR ST AeRHEDIPUR 8 Fh
R G LR i E B

1 MRSk

1.1 #§

ISR T B ARNMY K 7+ e B S 8L B Fh R S0 2 1R SO A CSNT7427
Williams A= BE/NFH 4S8 RGN 27 EA RS 3K H W 5 AP Jersey Queen (JQ) #il Badger Shipper (BS)-
T B WS PR Laurentian (LT) A1 Wilhelmsburger (WB). AR SRIEFWIAERI . N5 5IBIL.
Bt K E . IWAREH dbats W 7 KE TR = B A AR 9 ANHR X 19K F A i
AR o

1.2 ‘SN742" FFIHSET RERHE

# CSN742° FPPRE 50 CHIR/K IR 30 min, FILHEKMEE 2 ¥k, W2 IE4CHT odE & 18
ALK RIBE T LR, BRI FLSTE 25 CRIBEIREE FEF 24 he

G PRI H XK SR AR 1 g, TG Kk fa AT B R AR A A 2R, I = G T
KRS, H 8 22t JE)5 3100 r - min™ B0 15 min, # FiEW. MABBEE 2~3 K. A 50%
REREAME M RAE B L, B EER, TTErE R LR, 4000 r - min™ B0 5 min. ¥
PUEWET 5 mL WRR KRS, @i sk EoR ok 5 S 1 B0k (l— M &, 2017), ¥
T B MR RN 2 000 4 - mL7,
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1.3 FHXIRMEREESBRIES

BRKAZE ‘SN7427 2 HIESZH BT s (X— L 25, 2017). K 1% B IR IA W 72 3%
B FEER S, 2 ke 2 b DXAR i B BV R B IR R b, TR R TSR, B AR RILEA
AR B e sh A 7 1 T RREF g, RN TR B AR B BE DI A 0.5 mm 5 TB/NER, TRAES) AR
El. fEHE 25 C. W 16 C. {BFE 60%MAEKFHTIERF 4 d, SRIG D THEFE 2 s 281K
12 mL .08, FOMBMSRROEY T EN. LREFFAFEIE 1 ~ 2d)5, & 1/2Hongland
ERWEETE, RS R RS Jietal, 2014) J5, HHATOHEEFIERETE, HEKKZ
5~ 6 FEMHAMAREEE, BELHETEFABER, SSRGS R kS . WWER
R, BRI,

14 IRAESEEROTE

e 20 RKF=E “SN742° FhyfE2F)E, AT JEw LT, Hil 25 'C, iR 10 CThA.
2 d Ja P TR T 5 2 e A I 2 1) 25 DXCRR P 0 B T O E AN R, 70N 2 mLo K% /A
JBN— AR, BiEARE S G 23K, L BER EELE 80% ~ 90%, £ 60 d o A5 Mk A fE i
Y EH & B

1.5 SN FEE

P AR P A B TR R 1) £ BV TR R . F Williams 58 R 4 MEEFE (JQ/BS/
WB/ LT) KRS G, HBFELE LT . SREDIE (2013) KI5 T R A A .
R HIAT 30 Bk, BEHE 3 K. 3 Williams (1966) & (KA I B 2L 3R % 8 bnvlE (B 1D
M LR/ NFE . RIS TREL < 10 AU, ISR > 10 AEYR. WIS = [ (BFgRPmEHK
o< MXRED / CHEBEHKE x5 1x 100,

%1 Williams 1RBpiEE RN ERIT = RAFR SHRE

Table 1 Host to Plasmodiophora brassicae races in Williams system

B E F AEFE/NFP Race

Differential bost 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
JQ (Jersey Queen) + + + + - + + - - + - + - - - _
BS (Badger Shipper) - + - + - - + - - + + - + + + -
LT (Laurentian) + + + + - - - + + - + - + - - _
WB (Wilhelmsburger) + - - + - - - - + + + + - + - +

VE: o+ AR - AR

Note: + represents susceptible reaction; - represents resistant reaction.

2 RS0

21 FHMXRMERBRES

SR T 9 A DX ARIAR M B B0 B AR 25 FE T 100 Bk, /KB — PO IE— W R 1R KE] 5 ~ 6
FrEM AR RBORIAR, St Bam kA
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iR (R2) R, BEAFEM DR s, OR RS 37 ~ 72 bRz i, Z5RECK. A
AR R BUR A AR (B 1D AT BRIy %, SRR AR 1 bk, #
i DR A 1 e 28 R A 1) PR A B AR A A AR R, BT R (20 1Y), INARTH B (48 M)

R HHXARME S E NS REEERR AN LRER

Table 2 Survival and diseased state of plants inoculated by single-spore isolated from P. brassicae of each area

X B LR SO CRARRED
Area Number of surviving plants Number of diseased plants (single-spore strains)
BEPEAK A Taibai Shaanxi 43 40

TR FH Nanyang Henan 37 27

L7 K% Dalian Liaoning 41 25

Z W Yunnan 43 26

WALFII Lichuan Hubei 43 20

Jt5{ Beijing 46 27

P ZE L 8IT Tongliao Inner Mongolia 53 29

4B Shenyang Liaoning 67 40

177 & Qingdao Shandong 72 48

B1 RWEREREEREBHRHER

Fig.1 Diseased plants inoculated by single-spores of P. brassicae

2.2 FHXRFE PR Williams £IB/)NFHEE

HRAE Williams 25 5E bRl & & EH0R LR HEOL, ai AR (R 3D kI WARTFED
B 48 NS E B O MBI BRIER B BRI 40 MRS E R 6 NMEEUNR R
FHAF S H 0 27 DB E B 5 ANl ZFFHLX 4 BRI 26 DAL E R 8 NMEH /N )
BRI X 7> B 20 A AR SEE 2] 7 AMAER/NR G ASEEEIL . I TR I T RER L X
Bl g 2 4 D RAAETUNRR . 72 9 MK AR B N h DL 4 SEERZ, SRR N
PEFH AR B 5 SABNM RN ARRG, AR T 5 5B/ IVR BRSO M 55 55 SR D R BE A
i, BARGRIEH 1 Ja SR T
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Table 3 Statistical summary of identification of physiological races of P. brassicae from different areas

AN

LLEi2k

ifrelza IQ BS LT WB Code of physiological  Single-spore gloi(fftzjr;%
race number
IR & + - + + 1 1 2.08
Qingdao, Shandong + + + - 2 3 6.25
+ + + + 4 21 43.75
- - + - 8 1 2.08
- - + + 9 2 4.17
- + + + 11 16 33.33
- + + - 13 2 4.17
- + - - 15 1 2.08
- - - + 16 1 2.08
PP NE| + - + + 1 6 15.00
Taibai, Shaanxi + + + - 2 2 5.00
+ + + + 4 27 67.50
- - + - 8 1 2.50
+ + - + 10 2 5.00
- + - - 15 2 5.00
LT IRk + + + + 4 23 57.50
Shenyang, Liaoning - - + - 8 1 2.50
- - + + 9 3 7.50
- + + + 11 13 32.50
WS LI + - + + 1 2 6.90
Tongliao, + - + - 3 2 6.90
Inner Mongolia + + + + 4 22 75.86
- + + + 11 3 10.34
T E P + + + - 2 1 3.70
Nanyang, Henan + + + + 4 22 81.48
+ + - + 10 1 3.70
- + + + 11 2 7.40
- + - + 14 1 3.70
Jext + + + - 2 1 3.70
Beijing + + + + 4 24 88.89
+ + - + 10 1 3.70
+ - - + 12 1 3.70
P + + + - 2 1 3.85
Yunnan + + + + 4 19 73.08
+ + - - 7 1 3.85
- - + + 9 1 3.85
+ + - + 10 1 3.85
- + + + 11 1 3.85
+ - - + 12 1 3.85
- + - - 15 1 3.85
TrRE + + + + 4 22 88.00
Dalian, Liaoning + - - - 6 1 4.00
+ + - - 7 1 4.00
+ - - + 12 1 4.00
WAL + - + + 1 1 5.00
Lichuan, Hubei + + + + 4 11 55.00
+ + - - 7 1 5.00
+ + - + 10 2 10.00
- + + + 11 2 10.00
+ - - + 12 2 10.00
- + - + 14 1 5.00
e+ AR, - IR,

Note: + represents susceptible reaction;

- represents resistant reaction.
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Xt 4 ANFF AT Williams AEBNPEETE, KR8/ NP AR AR IR IR VE AR (B 2),
FEMR BRI B Ci R H8 2 HLAURR AT 2 K BB RR,  RAR B 2> RS F T iR, K3 9
AHBIX 191 4> 4 SAEBN SRR AN T 10 CGF BMIGIREBCEIELE 10 ~ 57.48), 4ER RN,
HOAE 4 5 I/

BS J1Q LT WB BS J1Q LT WB

2 RMBEEERNH1~4, 6~16 S Williams EEFRY 4 MFE (BS. JQ. LT 1 WB) ERZHEIER
Fig. 2 The graph of diseased state of P. brassicae physiological races 1 - 4 and 6 - 16 in four Williams hosts (BS, JQ, LT and WB)

2.3 3%15 15 ¥ Williams I/

ZEL 9 N XAR 0 1 B f 4 B8 S AR FNFR S S B, 3RS 281 MM B B R AR, e AT )
J& T Williams AR i 2 %5 2 KRG 5 SAEF/NDZ AN 15 ANAEFENFR . b 4 SRR Z, B 191
AN, 5 67.97%; 11 5/NF{URT 4 S5/AF, A 37 N, 5 13.17 %; 1 5 /NFE 10 N1,
17 3.56%; AR HI/NFIEISAE 10 4~ (R 4).
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Table 4 Statistical summary of physiological races of P. brassicae single-spores isolated in this research

A BN

AN

o LiS{UE v ST i B 1% S LiS{UE ST i 1%
Code of physiological . . Code of physiological . .
Single-spore number Proportion Single-spore number Proportion

race race

1 10 3.56 9 6 2.14

2 8 2.85 10 7 2.50

3 2 0.71 11 37 13.17

4 191 67.97 12 5 1.78

5 0 0 13 2 0.71

6 1 0.36 14 2 0.71

7 3 1.07 15 4 1.42

8 3 1.07 16 1 0.36

N N
3 Wik

B TR B A BN R A s, SR o B B A, AR I R AT R G LB B
AT HR I T PR o0 2 3R AT A MR e T LA X S S BT M BB AR M B . 55 B DU A R
s Bk, 2014),

HET, XI—F5% (2017) FIH R BHARML TILHMX 2B 4. 8. 9. 11 B AN,
EURR b B B f R S i b o AR TIUE 0 Rl I 43 B8 9 M HB IX AR B B A 4 5, L 3R1S Williams 15
ANRA AR B/ NP, HR S S AR E/INRR A N RIS, 4B R KR B Williams (1) 4 /N7 3254
ZNFEAN KR, AT REREE AR R BT B PR ED A 5 SAE VNG . MR SE 10 A Al S sk B0 3t
ITIRUE . et — DT i 5y, I RO SR, R G ER R R T e, Bk
3% Williams f) 16 ANEFE /N

ATHATETRAEAR I B 1 5552 o, IRZ LR R 4 SAT/NARSA . JLIREESE (2009) FIH
Williams A= #/NFYSE 75, BiE SRS 240, K&, PR, ILRE R, B, 19148
B DR AE AR BN RN 4 SRR, BEJR, 22X IR A B AR IE B LA A N RN
4 SN, MEBRITEE. 7%, TR, SHX G 2, 2013). U)IGEE. &
BISEHLIX Ol %, 2013). WAJEKPRE. 4BA. BT, BB, #UESEthX (g, 2013) FamM
Bl #E. EKE, PSR 2. A, T KIE. IWARE S, BRERkA. ERRE. RS
SE AKX CT a8 55, 2013). (H@d s @ %, e ti NmikEs b, xi—
NEE (2017) 18 7073 BSEOR 5 Williams A2 FR/NPPEE gV, 78 o [ Pk BH Hb DX AR b B8 AR mh 20 59
4. 8. 9. 11 S/, HAE 4 S/FRIH AN ABE TR E 9 ANHb X R B AT A 5 5
XPSRAF) 281 NS, RIET 4 SAE/ N RAA 1914, S RBET 67.97%, dt—F
B AR A3 BSUESE T AR R AR N 4 S AR BN

TE B Hb DR b BT S0 2 B8 e i B fE e, ROIAE PP - L X AR AR P, R AR ELAE 37 ~ 72 k.
FUHL 5 R 0T B R AR A K RS B R 2 AR R TERAEA U BUEAR T 52 0, Bl DI 35 5 31 %
AR, KB B E ) H ARG S N AR TS 75 )5 SR 70 b 75 v R
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