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Abstract ; Three pathogenic samples of Plasmodiophora brassicae from Changyang in Hubei province, Taibai in
Shanxi province ,and Xinye in Henan province were used for inoculation to evaluate the clubroot disease resistance
of 22 cabbage materials,respectively. The homologous genes of CRa and Crrila in Brassica oleracea genome were an-
alyzed by sequence homology analysis and then were amplified, sequenced and alignment for analysis. The results
showed that 22 cabbage materials showed different resistance spectrum to three P. brassicae samples,indicating that
three pathogenic samples were different physiological races. Screened resistant materials BDH3 , Chou hybride Teki-
la,SW-110,CGL-8,Syngenta varieties, SW-109 could be used as clubroot-resistant breeding materials and mining
new resistance gene in the future. Three genes( Bo7g107710,B0o7g107730 and Bo7g107740) on chromosome 7 of
B. oleracea genome were identified as homologues of CRa ,and the DNA sequence of Bo7g107730 gene showed rela-

tively high variation in resistant material SW-110,which may be related to clubroot resistance. In addition, only one
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gene Bo3g164040 homologue to Crrla were identified on chromosome 3 of B. oleracea genome,and we speculated

that this gene was not resistant to clubroot disease because of this gene showed high sequence identity between re-

sistant and susceptible material.

Key words: Brassica oleracea ;clubroot disease ;homology alignment ; resistance gene
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Table 1 The name and origin of the 22 Brassica oleracea
materials

Eraes AP FR sl S HAR

No. Name Origin Generation

1 IR 19 5 i = F,

2 JEIE I SRR eS| F,

3 G1428 H A F,

4 G1429 H 7 F

5 Chou hybride Tekila eS| F

6 HE2 5 H A F,

7 SW-109 H 7 F,

8 SW-110 H A F,

9 Lodero i 2 F,

10 Pacl F1Ko i == F,

11 CA163(CK) GIE| F

12 buhamor waldicoke =] F,

13 CA2835 H F

14 CA2832 i F,

15 CA2831 i F,

16 CGL-8 CATES| F,

17 BDH3 SHIE| AEEBRHE AR

18 R4P1 i AR AR

19 753 HE F,

20 CA189 H F,

21 CAI24 T F

22 INCLINE CAULIFLOWER H A TS F

ANIRIEE 53 G, AR R, B A/ T 2 5255855
P, MR, HERRZEIRI 2 ~3 15,7 %, &
R, H AR R 2R ER A 3 ~ 4 %9 9, FMRM
K HERIEZEHRNY 4 5L iR ™
&840 ( DI, disease index) % LL T AR HFITITE IR
THHREL(DI) = S (FPRIHRE x 2 HARKREUE ) /
(A SREL x B iR T ) < 100, HLPEPFAL 7
BARAESP 5 1. D1 =0 5540 HR.0 < DI < 10;
YU R:10<DI <20; 4L MR:20 <DI <30 ; /85 S.
30<DI <50; )%, DI=50,
1.3 E[E4 DNA 2EUK PCR i

KPR A CTAB 327 BEBURT B R Y 2 R
ZH DNA, JH Nano Drop2000 il i DNA f) 4l J& Fil v
P8 %% DNA ¥k N 50 ng/pl, T PCR #7314,
PCR IR AW SNARTR R 20 pL, ¥ 3444 R A 45 L K]
20 DNA 2 pL, 5% 1 pL(F +R,1 pM) , PrimmerStar

Max DNA polymerase 10 pL,ddH,0 7 pL, PCR § 4%
N 94 CHUAEPE 5 min;98 CAEME 10 5,59 CiE
k10 5,72 CHEM 2 min, 35 DG 72 C IE fif
5 min; )5 4 CHR1E. PCR P21 1% BERSAE BE R
LUK | 7 254 I PCR P2 A8 T BB sl W Bl
BABRAFMT, 5195750 03k 2, b At 5t i 1
PHE R A BR A F A

*2 AHRFANSIMET

Table 2 Primer sequences used in this study

CIL B4 ElE7)E2 ]l

Primer name Primer sequence

FrBER/N (bp)

Expected size

Bo7g107730F ATCCAACTGGTTTGTCCGCTT 1965
Bo7g107730R CAACTCCGTCTCCAACTTTCT
Bo3g164040F CATCTTTGGTGCTGCAACAGG 1628
Bo3g164040R AACTTCCAGAGCAAGGTCCC

1.4 FA5H

A K 36 5T AR b o ik L CRa (55 5% 5
AB751516) ' Fil Crrla (5% . AB605024 ) ™ )75
TE Gramene [ % (http://www. gramene. org/) [ H
DR ZE Bt A R AT [R] DR EE R 0 3 A T i
A TRIIR 2 (L, O T 5 5 | 0 %o H D9 2 k47
PCR #3847 , R H] DNAMAN Fl ClustalW K {4- %
FIrafAs B 7 7 S 26 AT BFEE L LU AT

2 FHRE5HMH

2.1 22 BEEMRRMBEREER ST

ALY 22 1 H A Ak 42 T A I 1) s 8 A 45
WAl AW R REXT 3 0548 b B B Pk 22 5
B (2 3), 22 rBE i H AR b 4 H B ol
FIR T BN T 33. 33 ~72.23 Z Al , A 9 Ikt kL3
A R, 43 0l 2 B IE 38 AP SW-109 | Lodero |
PaclF1Ko . CA163 . CA2835 . CA2832, CA2831 , CGL-
8, X HRHCH 58. 70, HAx 13 AR R BN
SR SRR TS FE RO 41,10, A S LS Rl
BVG K 1 B 490 15 5 B T 9. 86 ~72.23 Z ],
A 1 Ak (BDH3) FZ B R b, &R E0CR 9. 865
3y BRI B, 43 02 SW-109  SW-110 F
INCLINE CAULIFLOWER , “F- 41955 1% & %% v 13. 29;
2 AR T, 4 IR SE IE K SR RT CGL-8,
Y 1 48 B 25. 3059 1 Bk I4 5 B Ok S
I3 IR R 19 5 G1428 .Chou hybride Tekila AL3E
2 5 lLodero . buhamor waldicoke . CA2835 . R4P1
CA124 SEVIRGIETE RN 39. 97 KAy 7 (b RE 31
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110 ,CGL-8; A 2 A ELER B m b, 2 52 Y6 1IE ik
AR SW-109 , F WG TEHEECH 1. 62,2 b kL3
PB4 9 Pacl F1Ko I CA124 , -9 15 45
M 12. 841 My pHEHER I 4T, 4 BDH3 i 1E 45
B 27,2753 4 bOBER B O, 43 Bl R IR K 19
5 Lodero 1 INCLINE CAULIFLOWER , - 55 1% 45

&3 22 BRI 3 MR RMFEENIEEESER

O 38. 44 A 11 Iy R 2R B R = 8k X9
TEHE%Ck 62. 89,

TN, N3 3 WAl LA 22 Oy A ) o ok
F LA BH B VT K 70T 0T S 4 R s T 2 R A
PES AT A R B0 0 0y 1 AN S 3 AR T
%, Chou hybride Tekila, Pac1F1Ko, CA124 | INCLINE
CAULIFLOWER Xk P4 oK (1 i A R B 5 B b A e
PEFEIMAH I, 3X LR 2B 3 (AR M v A= B /NP A7
TEZE 5 HAR s fre 4t v] 8 ph AN [ A S R

Table 3 Screening results of 22 Brassica oleracea materials against three pathogenic samples of P. brassicae

WAL K B Hubei Changyang 275 K 1 Shanxi Taibai 1 BB Henan Xinye
ErRes RN R
No. Name LRSS B2 A VCACER Y SR ey VCACELR Y P ZE T

Disease index Resistant type Disease index Resistant type Disease index Resistant type

1 KR 19 5 36.11 £3.93 S 38.20 £2.95 S 40. 88 +2. 81 S
2 JEIE K S Rl 50.00 £1.57 HS 24. 66 +0. 83 MR 1.85 0. 62 HR
3 G1428 35.65 +4.23 S 33.14 £11.50 S 57.78 £15.71 HS
4 61429 45.93 +7.33 S 54.77 +1.12 HS 70.79 +£3.59 HS
5 Chou hybride Tekila 44.45 +15.72 S 46.30 £13. 10 S 00 I
6 K25 39.50 +5. 56 S 39.68 £7.67 S 55.68 £ 11.61 HS
7 SW-109 58.34 +3.92 HS 11.11 £5.71 R 1.39£0.97 HR
8 SW-110 46.30 +2. 62 S 16.67 +3.57 R 00 I
9 Lodero 51.86 +5.24 HS 32.41 £9. 16 S 33.33 £0 S
10 Pacl F1Ko 66. 05 +9. 60 HS 72.23 £23.57 HS 14.82 +1. 05 R
11 CA163(CK) 51.12 +6.29 HS 59.10 +7. 86 HS 59.72 +1.97 HS
12 buhamor waldicoke 45.93 +7.33 S 49.26 +12. 05 S 64.29 +3.37 HS
13 CA2835 62.04 +1.31 HS 40.37 £15.19 S 66. 67 +0 HS
14 CA2832 55.56 +0. 00 HS 55.56 +0. 00 HS 66. 67 +15.71 HS
15 CA2831 61.12+7.86 HS 50.00 +7. 86 HS 70. 37 +10. 48 HS
16 CGL-8 72.23 7. 86 HS 25.93 £5.24 MR 00 I
17 BDH3 33.33 0. 00 S 9.86 =0. 85 HR 27.27+7. 14 MR
18 R4P1 36.67 +4.72 S 43.95 +2.45 S 56.49 +1.31 HS
19 753 42.27 £0. 84 S 51.24 £0. 87 HS 56.95 +5. 89 HS
20 CA189 49.21 +2.45 S 50.84 +11.29 HS 66. 35 +2. 69 HS
21 CA124 40.00 +3. 14 S 36.39 +0. 40 S 10.85 +3.27 R
22 INCLINE CAULIFLOWER ~ 38.89 7. 86 S 12.08 2. 60 R 41.12 2. 43 S

2.2 HI% CRa AEERLEERFIIHHT

FIHR A PUAR I 5 ) CRa 1935 41 DNA
FE3 R 22 e A 7 AR HU X, Hex 25 SR e A H 5
7 SYEAR A 3 TN CRa [RITEFER 43512
Bo7g107710 .Bo7g107730 F1 Bo7g107740, iX 3 A%k
BRI 5 4 5 1185 1230 ,1353 4 2L 12 19 TIR-NBS-

LRR 81,3 A~ FE K 2 ) HA B8 7 5 AR R, 41
B— ORI, JoH Bo7g107710 Fi1 Bo7g107730
B IR P 5 — B R 66.69% , Bo7g107710 FI
Bo7g107740 W4 58.78% ,Bo7g107730 F Bo7g107740
4 58.64% . 3 DEEAYS CRa WIRIEIR T3 —E:
YRR 67.15% 69.35% 63.62% . N T i H X
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Se[a] L FUE AR T RE A BT RE, AMFRPRIEH T coke RAP1 HEATHRESFY WG IFM Iy, S5 K3 it
— 5 CRa H A £ = M LM M [F IR A fpﬁﬁﬂ%m @fpﬁﬂﬂi’JTTfi‘JﬂJ 2.0 kb K/INAY
Bo7g107730 ,1Ei%3& F 14 N i it 11519 Bo7g107730- LRSS SR 1 s, Hoedp W R AR
F/R(F2), /0 50%F 3 Aokl SW-109 SW-110, Uﬂlﬂhfpﬁﬁﬂ SW-109 .BDH3 5 3 1B b4 HF 41 5¢
BDH3 F1 3 4~ 855 #4 #HK /K 19 5 buhamor waldi- —3(,SW-110 5 3 4y —2E R 70. 41%

10 £ 30 w© s0 @ 7 %0 %0 100 10 120 130 10 150 160 170 180 1% 200

B079107730-8
Bo79107730-1

B079107730-7

Bo79107730-12
B079107730-17
Bo79107730-18
Clustal

Bo7¢107730-8
Bo79107730-1
B079107730-7
Bo79107730-12
B079107730-17
Bo79107730-18
Clustal Consensus

Bo79107730-8
Bo79107730-1
B07g107730-7
B079107730-12
B07g107730-17
Bo7g107730-18

80791077308
B079107730-1
8079107730-7
Bo79107730-12
8079107730-17
Bo79107730-18
Clustal Consensus

sorg10m0-0 S S e R S SR LTS
Bo7g107730-1

Bo79107720-7

Barur07730-12

Sorgrara0-17

Borgta1730-18

Clustal Consensus

1010 1020 1030 1000 1080 1000 1070 1000

1100 110 120 1130 1140 1130 1160 170 1100 1190 1200

B079107730-8
B079107730-1
8079107730-7
80710773012
8079107730-17
8079107730-18
Consensus

210 20 130 1240 1230 1260 17 1200 1200 1300 1310 1320 1% 1300 1350 1360 1% 1380 1390 1400

8079107730-8
B079107730-1
B079107730-7
B079107730-12
£079107730-17
B079107730-18
Clustal Consensus * *

8079107730-8
8079107730-1
B079107730-7
8079107730-12
B079107730-17
Bo79107730-18

160 160 1630 1600 1650 1660 1670 1600 1690 1700 mo 120 1m0 0 1730 1760 1m0 1780 17150 1000

80791077308
80791077301

80791077307

B079107730-12
B079107730-17
B079107730-18
Clustal Consensus *

Bo7g107730-8
B079107730-1
Bo7g107730-7
Bo79107730-12
B07g107730-17
B07g107730-18
Consensus *

Bo79107730-8
Bo79107730-1
Bo7g107730-7
Bo79107730-12
Bo7g107730-17
Bo7g107730-18
Clustal Consensus *

Bo7g107730-8
80791077301
Bo79107730-7
Bo79107730-12
Bo79107730-17
Bo79107730-18 T
Clustal Consensus

Bo7g107730-7 \Bo7g107730-8 \Bo7g107730-17 433 J 47 b4k SW-109 .SW-110 .BDH3 ; Bo7g107730-1 .
Bo7g107730-12 ,Bo7gl107730-18 435 A8 #4 BHK K 19 5 buhamor waldicoke R4P1, T [H]
Bo7g107730-7 ,Bo7g107730-8 and Bo7gl07730-17 represent the resistant materials of SW-109,SW-110 and BDH3, respectively ; Bo7g107730-1,

Bo07g107730-12 and Bo7g107730-18 represent the susceptible materials of woerl9 ,buhamor waldicoke and R4P1 ,respectively,the same as below
B 1 B B Bo7g107730 EEERS FF 5L 3

Fig.1 Sequence alignment of Bo7g107730 between resistant and susceptible materials

2.3 BHECrila ABEEELEERFIISH Bo3g164040 , % FE K 4 5% 890 4~ F& R i) TIR-
FUHK PR MEEEA Crrla (B2 DNA NBS-LRR E M, 5 Crrla W& KR F 5] — 2k N
J?‘ 1 Ry 22 AT R R FE X, FE XSS SRR AEH 52, 65% . ARWFIELL Bo3gl164040 [FFEIR 2H ¥ 5] hy i
3 SR BTG 1 AN Crrla RTRGEE M EIZEER A N i TR 5 19 Bo3g164040-F/R
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(F2), 4 BIXE BRI 3 BT AR SW-109  SW-
110 .BDH3 F11 3 MEw A4 EHK K 19 5 buhamor wal-
dicoke \R4P1 HEAT 47 52 47 W I e, 3 (R i 4k
F13 Gy A R AT Y 3G 1. 6 kb K/ %A1 7
GILEXTZE AN 2 FrzR . 6 By A REEA = BE )T 5]
— Bk Hrb 3 R hUaR AR — Ml 98.57% ,3
Uy B AR — Bl 97. 61% ., LB I A P 1R il

©

Bo3g164040-1
Bo3g164040-12

Bo3g164040-1
Bo3g164040 -12
9 -17

ML BDH3 5 3 {3 Bk o RE T 51 — 8t & ik
97. 84% ,HLFETE 45 4b SNP F1 3 Ab Indel 28 53 BTl
R B R AR SW-109  SW-110 5 3 3 J85 #1 1
JPH—5E R 98. 18% , [RIFEAFAE 45 4b SNP 13 4b
Indel 225, 3 (3RS 3 40 B M BHE A7 5 1
A 2 ABFERZE R LU AR AA B AR
HCC(E2),

B2 $HE#R Bo3gl64040 EEER S FF 5 bk 3t

Fig.2 Sequence alignment of Bo3gl64040 between resistant and susceptible materials

3 i

3.1 WRRIMELEE

BARAGRIG I A XA T 3 b X B ot
FPA 3R S (AR B 1 4 25 5L 3 A M X AR
Ja AT 22 403 H A MR BT JaR 2 5 HE
K I LA BH B 76 A 1 A e A R g 1 7
AJE— AN 3% 5 AT ST 4 T8 HP I 2 1 X /)N
Fash 4 S A PN Y S5 R—80 T RER R T
HR IS B AEAE 1 SR A 5 T B R] — b X AN [) SR A b 5
R IR ) A B/ NFROAS ], 583 BT FH TR R AN 40, ]
S T HRTFTE Williams %5905 32 2 48 0 i 11 5
TR AN RE X 50 5 22 A9 A B/ INFP AT S DR BT

AR LAY 22 15 H B AR AR & BT 3 A
R BT 17 2 BB 1) A R, T B X B A L P R A

TEHCIRIRL 53 Fh, A E AT REXT T LA BE AR i i
PR AR IE V& AA S W TR 5 X e P K 1 BT R
BT AR I A, T R LR BB IR AL £, FLr RS K
PR B B 5 B S A BDH3 %k T] 1 397 B R s
FEIPURI) & FF Chou hybride Tekila ,SW-110 ,CGL-
8 JCIEIk SR AN SW-109 7T T4 K A9 AR g Hi vk
5T, W H AT R A BOIE S > Hhitk s —,
R e TRT P 350 7 58, L 22 0 1) 300 18 o34k S A
ST AR RERSE R | AR s 5 PR %) /N o Al 1 45
LT = B = O 10 e i N ) O P i 4
A AR FE AL B4 S A TR [E AL G5 & AR
VEHUIR , 140 N ZE T8 T A3 BB A TR 2 , i A
HA wE J63E BRI AEHURR o & Fhde ok Sk iy
E G HPER T, AT — 2Ptk E et £
BT
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3.2 BEREEFSH

IR [ LG X B 7 3, AR Bt %o E o e 1) 7
MR AR IR HTEREH CRa F1 Crrla 18 H R
R AT T 2, EH#E 7 5 ek L AFEAE
3 AN 3 K R CRa JE R AY [) Y5 36 A, 43 93] J2
Bo7g107710 , Bo7g107730 F1 Bo7g107740 , i 3 W H
WP A R AT RE R — B TR B R A AR P g
FESEAL A= AR B R, B T 5 CRae f
FRILRY Bo7g107730 FEPRIAEHT b bt (4977 51 i 4 7
O3, R EBUR AT R BDH3 SW-109 5 3 ANEm 1R
FEM F Fr Be b e 4 96 42— 3, R W] BDH3 1 SW-109
W) Bo7g107730 B:PH Rl BRICA BLbEDIfE, 50 2 4>
MR IZ BT A SHUOR MR AR DC AL H BT
FEEL SW-110 SESGHEIE 57 ~ 1026 bp AFFTERK
FEFNAR S A —BEAE K Indel J/ A, HED SW-110
AL R R *EHEP%%@IJJE‘EO i 3 7 A 43 B e
RMAEH W 3 SR aK EAF7E 1 A B K
Bo3g164040 2 Crrla WL, A% S L
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