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Identification and detection of clubroot resistance loci of 96 Chinese

cabbage cultivars resistance to Plasmodiophora brassicae

WEI Xiaochun'’, YUAN Yuxiang', ZHAO Yanyan', YANG Shuangjuan', WANG Zhiyong', SU Henan',
LI Jundang', LI Lin', NIU Liujing', ZHANG Xiaowei'

(IInstitute of Horticulture, Henan Academy of Agricultural Sciences, Zhengzhou 450002, Henan, China; 2. School of Agricultural
Science, Zhengzhou University, Zhengzhou 450001, Henan, China)

Abstract: In order to clarify the relationship between resistance gene types and resistance characteristics of Chinese cab-
bage cultivars, 96 Chinese cabbage cultivars were identified for resistance by root dipping method using new and old iso-
lates of Xinye Plasmodiophora brassicaeis race 4 and six resistance loci including CRa, CRb, CRc, Crrl, Crr2 and Crr3
were used to detect the resistance loci of different varieties. The results showed that, 31 varieties, including Nongke 1,
Shandiwang 1 and Chunmei 1, showed resistance to both new and old fungus Xinye isolates, and most of these varieties
had CRa and CRb resistance genes, while some varieties had Crri, Crr2, or Crr3 resistance genes. However, Chinese cab-
bage varieties having only Crr2 and CRb resistance loci, such as Chiifu, Degaorongyao, Jihongwawa and Linglong 2,
showed susceptible symptoms to new or old Xinye isolates. we speculated that Crr2 and CRb may not be the main resis-
tance loci. In addition, we found that Shandiwang 2 typeB having only CRb loci showed resistance to both new and old
Xinye isolates, indicating that there may be new resistance genes in Shandiwang 2 typeB. The results laid a foundation for
the identification of germplasm resources and breeding of Chinese cabbage resistant to the disease.
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TR I bR % 5 s H 10 T R A AR R e [l
2 HT T R AR TR s iR [ 3R AT, e AKIMEKI
BUR AHIE , Chiifu A1 ECDO5 A B % I8, &4 K A
S PP AIAE 36 BR. B R IR M
SETTE, WHE T 3 IRES 4 13107~ +mL " AR
R VEI S HEARVEITERE AN R SR IS 28 3
RIBATHFE AR . 30 d )G, FFUEX R AR RHR &8 &
I 12 B HEAT 3 R AL R R B B, IR CRa
CRbCRcCrrlCrr2.Crr3 %5 6 NHUR I A7 s bR
AT I R R 5
1.3 IRFFEIHEELEERBIEIR

RIGA RHE # AL FE 30 d 5 R A AR AL, T
T 1 T 0 VP SR I B . K AR i 1 %
PR RM(R 2D,

T TE TR (DD AR R TR A LW R

T3 115 48 B =L (& 203 AR B0 B2 20D/ Gl 2
SR B R B o AR ABD 1x100.

P Ik 6= O AR B/ R B MR 250 < 100%

T3 15 18 200 I 2 AR HE DR = = 51<30.05 30.0<HL
J#3=<40.0;40.0<{KHT/K/EK<50.0; 50.0</FI5<80.0; =
J%>80.0.

R2 KBFRMREEFER N EETE

POREN MR

0 WA IEH TEIR  Jo R -

1 VAR AURAT /IR AR R A 5

3 TR, AR TZ2HA 1~2 £, BRI
ZRRR AR A B2 e -

5 EAARBIRIIE , BLAR K T 2230 2~4 A, ZUR AN
MK ER 5 R

7 TR H IR, BARK T 2R 4 4% (AR 5 2R

JiPORA-93" HI AHORS I R

1.4 AR AP Fosm B B 4G

i 2 K5 B CTAB ¥ $2 BUK 1 32 36 R 41
DNA, PCR Jx ¥ S ARF A 20 ul, #2995 5097 A7 55
CRa+CRb-CRcCrrl.Crr2.Crr3 514 .PCR & % J
SRS AT WA 36

£3 ZN3HPCR RHEFEK

EAREOAY 514 JF A (53D 27k F BRI op

CRa CRa-F CAGACGATTAGAAATCTGAAATTG [6] 350
CRa-R1 GAGTAGTGACATTTTCCATAGAAG 160

CRb (B0902)-F AGCCTTGCGTAAAAGCAACTAC [7] 170
(B0902)-R GTTTGGAATCCGACAAATACATCCAT 240

CRc (mé6r_CRe)-F CCTCTTGGAAAACCCATGAA [8] Non-amp
(mér_CRe)-R GCAATTATTGGCCTGTTCGT 800

Crrla (Crrla-F-1D-F GATTACCACTATGTACTGAACT [9] 900
(Crrla-R-1-R CTTTCAAAAACGATTGAAATTTCAT 700

Crr2 (BRMS-0960)-F AGTCGAGATCTCGTTCGTGTCTCCC [9] 200/220
(BRMS-0960)-R TGAAGAAGGATTGAATCTGTTGTTG 180

Crr3 (OPC11-2F)-F GTAACTTGGTACAGAACAGCATAG [10] 1200
(OPCI11-2R)-R ACTTGTCTAATGAATGATGATGG 950

2 RS0

2.1 KBEXRGSMFEHEE

R B 32 11 R0 15 L, 4 96 40 K 1 32 RN
N3 AR BT S Y - B BT S B R BT T B R
B, H0HT BT 22 B AN PUR BT B R 2R A, AN 2 e
FUH BB B 2R AL . HrhPUR B 2 W AN PURT R A
1L A 61.46% , 43 il KR & &4 L CR-JA il
S5 59 AN P s DB BT 22 R RIHT T T B R LA
33.33%, NI 2 5l CR-65. 4 HREFE
S5 32 AN AN TR T 52 B AR BT R R R LG A
N 5.21% 53 N T LUk G A SR B B S A
SRR 4,
. 30 .

22 KEXGSMRFEERRLE

K CRaCRb-CRc-Crrl.Crr2.Crr3 %5 6 MR
JRE IR AL 1 2 TR an bt 96 AN K SR AP AT BT
9 3 DR R 5 5, B MR R IR A DI 45 RN R (R 4
CRa:57 N F RIS CRa TLMERT 55, 54 Bk BHE
59.38%; CRb: 60 ™ i Fhksill 2] CRb HUIEAL AL, 42
AT BT 62.50% ; CRe: 20 AN RG] CRe itk
PR, A EBA R 20.83% 5 Crrl : 14 /N SRR 2]
Crrl FUHERL R, AT B 14.58%; Crr2:50 4™ i
FiAS I 2] Crr2 HUHEAL AT, 5 A3 B 52.08% 5
Crr3:4 AN EFEINE] Crr3 BT A, 5 A5 R
4.17%. 5 ENERE IR S R WA 1 s,

AN TR R 8 S R B DU AL S A7 AR K 22 5, fit



8 BN, 25296 K 113 R AR s 0 4 6 A IXBEHFFT
F4 96 MAEERMH TIRICLERBIBIEHH
75 G5 CRa CRb CRe Crrl Cri2 Crr3 HEFZE  DICGEED TR DIGHTE)
1 AKIMEKI H H S R R S + 0 + 0
2 Chiifu S S R S S S - 92 - 76
3 ECDO05 S S S S S S - 100 - 99
4 Y635 R R S S S S + 0 - 63
5 Y636 H H S S S S + 1 - 75
6 Y638 H H S S H / + 0 + 0
7 Y643 H H S S S / + 0 +
8 Y664 S S S S H S + 0 + 0
9 Y665 S S S S S S + 0 + 3
10 Y669 H H R / H / + 0 - 100
11 Y670 R R S S S H + 0 - 75
12 Y671 H H S S S / + 0 - 100
13 Y672 H H R / S / + 0 - 100
14 Y673 / / R / H / + 0 - 76
15 Y674 / H S / H / + 0 - 100
16 Y675 H H S S S S + 0 + 0
17 Y676 S H S S S / + 0 +
18 Y677 H H S S S / + 0 + 0
19 Y684 H H S S S / + 0 - 100
20 Y685 S S S / S / + 0 - 100
21 Y686 H H R / H / + 0 - 100
22 Y687 H H S S H S + 0 - 100
23 Y699 / / R / / / + 0 + 0
24 Y700 H H R S S / + 0 + 0
25 Y701 R H R R S / + 0 - 77
26 Y702 H H S S S S + 0 - 95
27 Y703 H H S S H S + 0 - 97
28 Y716 H H S R S S + 0 + 0
29 Y736 H H S S H S + 0 - 67
30 Y749 R H S R S S + 0 + 0
31 Y752 S S R S H S + 0 - 100
32 Y759 H H S S H S + 0 - 100
33 Y794 H H S S H H + 0 + 0
34 Y811 S S R S H S + 0 - 98
35 Y825 S S S S H / + 0 - 100
36 Y832 H H S S H S + 0 - 100
37 Y842 H H S S / S + 0 - 100
38 Y843 H H S S H S + 1 - 100
39 Y844 S S S S S S + 7 - 100
40 Y894 S S S S H S + 0 + 0
41 Y895 R H S S H S + 0 + 0
42 Y905 H H S S S S + 0 - 79
43 Y906 H H S S S S + 0 + 0
44 Y960 H H S S S S + 0 - 67
45 Y961 S S S S R S + 0 - 100
46 Y962 S S S R S S + 0 - 90
47 Y965 S S S S S S + 0 - 75
48 Y967 H H S S S S + 0 + 0
49 Y968 R R S S S S + 0 - 74
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5 i CRa CRb CRe Crrl Crr2 Crr3 BFEE  DICGEED HHE  DIGHED
50 Y969 S S S S S S - 100 - 100
51 Y970 S S S S H S + 0 + 0
52 Y971 H H S S R S + 0 +

53 Y972 R R S R H H + +

54 Y984 / / R / / / + + 0
55 Y985 S S R S H S - 56 - 89
56 Y988 H H R S / S + 0 - 100
57 Y991 H H S S H S + 3 - 86
58 Y992 H H S S S S + 1 - 84
59 Y993 H H S S S S + 2 - 67
60 Y994 H H S S S S + 0 - 72
61 Y995 H H S S H S + 0 - 71
62 Y996 H H S S H S + 0 - 83
63 Y997 S S S S H S + 0 - 100
64 Y998 H H S S H S + 0 - 86
65 Y1006 S S R S S S + 0 + 0
66 Y1009 H H S S S H + 0 - 79
67 Y1011 H H S S R S + 0 + 0
68 Y1013 S S S S S S + 0 - 72
69 Y1014 H H S S H S + 0 - 100
70 Y1015 S S S S H S + 0 - 100
71 Y1016 H H S S H S + 0 - 71
7 Y1017 H H S S H S + 0 - 67
73 Y1026 H H S S H S + 0 - 72
74 Y1027 R R S S H S + 0 + 0
75 Y1028 R R S S H S + 0 + 0
76 Y1029 R R S S H S + 0 + 1
77 Y1030 S S S S H S + 0 + 0
78 Y1031 H H S R H S + 0 + 2
79 Y1034 S S S R S S + 0 + 0
80 Y1041 S S S S H S + 0 + 0
81 Y1044 S S S R H S + 0 + 0
82 Y1048 S S S R S S + 0 - 89
83 Y1055 S S R S S S + 0 - 52
84 Y1076 H H R S S S + 0 - 75
85 Y1080 S S S R S S + 0 - 65
86 Y1084 R H R S H S + 0 - 75
87 Y1086 S S R R S S + 0 - 100
88 Y1087 S S S R H S + 0 - 100
89 Y1088 S S R S H S + 0 - 100
90 Y1089 S S S R H S + 0 - 100
91 Y1112 S H S S S S + 0 - 100
92 Y1117 H H S S H S + 0 - 100
93 Y1118 H H S S H S + 0 - 100
94 Y1119 S S S S H S + 0 - 100
95 Y1178 S S R S H S - 100 - 100
96 Y1179 H H S S S S + 0 + 0

T L “RPFRPURGLA R PCR A2, “S” RN LA ) PCR A 8 ;3. “H”FRIR A8 B L fU K 26wl B s 4. /7 FoR AR N BIAL A1 47 3%
IR =" RN o
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4 ) s b oy 2 3 T TS Z
558 11 BN, 255196 /K F 38 SRR s 0k 2 7 A KA X BT B FT
A M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
B M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
C M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
D M 1 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
E M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

e B R
F M 1 2 3 4 5 6 74 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
1000 bp,
750 bp—p e

500 bp

VA, CRa B2 SR, H% 67 25 PCR A BEKV/N 350 bp, BUR A7 545 PCR BN 160 bp, BB PCR Fy B K/ 220 bp; B. CRb A7 25k
YU AL A PCR A B/ 170 bp, B AL 55 PCR F B K /N 240 bp; C. CRe i S AG I, F0905 AL 55 J6 465 , B AL 55 PCR B K /)N 800 bp; D.
Crrla BRI, 7003 07 55 PCR BRI 900 bp, & fiz s PCR Fr BK /) 700 bp s E. Crr2 A7 siksr i, i iz 51 PCR B BEK /N 200~220 bp , 8%
I 5 PCR 7 B/ 180 bps F. Crre3 A7 s Al , HU A7 2 PCR BRI 1200 bp, J&Ji Az 2L PCR F1 BRI 950 bpe M %7K marker, #4 %} 1~

24 [ 1,

1 24 MRBEFRMMEE AL A IRAEHE B BRIk 4

R 96 MNEFIH CR AHE HFEFE T KAF 65 K
D ZHT A7 £ Chiifus FAR E GEED VR CR1VR
14 78 EH2RAR 605 Al B CRe Hui fir &5 ; CR AR
FAR SR EFE T R CR65 R E] Crrl HURAL
B BEE S ENE CEREGEE HHE/NS.
CR-578 5l 4RI B Crr2 HURAL A5 113 2
5 B, CR A XM %] CRb PUWAL AT, XA
N 280 B — 095 A A5 B R A I B B A7 R A )
Y 5 4 ER 6 R 21.88% « AKIMEKI. CR H 3¢
12-101.CR-JuH 55 57 A~ s F A B & F CRa, CRb
PURAL AL, 2015 A3 A BT 59.38%. [FIFTIX 57 4
SRR — 3843 SRS B CRe U AL 5 (75 82 (32
F), Crr2 PURAL S (AR BE—5) , Crr3 HUI AL A
(A4 4D s 1A 18.74% 1) i M RIS A & CRe Crr2
U AL 5 Can e B2k HR CR108) 5% Crrl Crr2 11
A s (g FRAR 705) . 96 MK ESE A K £
RERTINE] 2 2 4 ANPUmALs, Ko CR B EA 1

YUl S %, & 5 A, 43l & CRavCRb-Crrl
Crr2Crr3(K 4) . ZEHMWN S H R L PURAL S K
AP TE RS b2t 22 AR s A /N R BLPTE
Xof B — AR NP Lt T

3 WithEsie

KA RPUR 5 B R 5 BT & Fuk ik B A H
— & BRI R, B AT, 72K F A BN 8% BB
FEAL 32 NPT IR AL 5 : Crrel < CrrA5 Cre2 Crre3 .
Crr4.CRa~CRbCR6a~CRcCRdCRk.CRs~CR6b+
RerlRer2Rer3Rer4~Rer5<Rer8<Rer9 Rer9™ . Pb-
Bal.l. PbBa3.1. PbBa3.2. PbBa3.3. PbBa8.1 qBr-
CR38-1.qBrCR38-2.Bra.CR.a~Bra.CR.c\Bra.CR.b.
CRY . BARCARILT JL-HAPUwmAL s, HA2 B
AT SR Nk A Crrl Crr2Crr3.CRaCRb
1 CRe 3% 6 NPURAL AL Frfr, Crrls Crre2. Crr3.
CRb 1% 4 DMHUMERL FONS 4 5 A BN LA P,
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ARG RE—S L E 1 5. FE 5 .F
GOl E 2 5 ahHE 2 5 B B Dk CR-65
(R4 B E3) FEHR E BDA202. 4K % CRR.
XEEE SENUE QREHEHFK.BCC-515.%E
90.H1%¢ 8 5 .CR 72 .CR HH AR CRIMR A4
CR 2% 3 5. 57 HE DO KK JE I CR.CR £F3% 609. 4
U PRF R AR AT LR 56 /R RAE 31 /M
Tofustod 35 B 22 A AT R AR I H P, IR PR R 2
A CRa 1 CRb HUR AL, AN A A& Crrl Crr2.
8¢ CRe HiWifr ko WILLE H CRa A1 CRb H:HIXT T
A KPURT S E A IR E L, TEH Crr2 YUR
ALK A S AR N Chiifu. 8w SRR 75 20 0
Bl 508 3 B 2 R AT R D I H B AEIR , 2B
W Crr2 FERATREAS & EZMPUREER . 5T K
B, B H A7 22 3500 B0 A= 2N Fh, LR A A2 2/
FREUR IS 57 AR 22 B HUIEAT s BT K E 35 Fl
BT TERGE F R, FEARYGRLS AR 2 450
CR-JAMTEF 59 AN K Po B2 1 i ABUs i , KB
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