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Abstract: Downy mildew, caused by the oomycete Hyaloperonospora parasitica Constant. (Pers. ex Fr.), is one
of the most severe diseases in Chinese cabbage, leading to reduction of yield and quality of the harvested
products. Therefore, identifying molecular markers linked to the major QTL for downy mildew resistance will be
helpful in breeding resistant varieties of Chinese cabbage. Here, one highly susceptible line 91-112, one highly
resistant line T12-19, and the derived DH population were employed to develop linked molecular markers for the
major QTL, BrDW, for downy mildew. With BLAST and IMap analysis, the RAPD marker K14-1030 linked to BrDW
was anchored on KBrBO58M10 (on Contig214). On the basis of the BAC and BAC-end sequences around
KBrB058M10, a set of PCR primers were designed, and the methods of restriction analysis and HRM analysis were
used to develop molecular makers. Finally, five polymorphism markers were developed, containing one Indel marker
named Brb062-Indel, 5, three CAPS markers named Brb094-Dra I .-, Brb094-Aatll ;- and Brb043-Bglll_, ., and
one SNP marker named Brh019-SNP, 5-. In addition, one SSR marker from Unigene sequence homologous with
KBrB058M10 (known as brul1209) was developed. The map distances between the six markers and RAPD marker
K14-1030 were 4.3 cM, 1.7 cM, 5.9 cM, 5.9 cM, 4.6 cM, and 0.8 cM, respectively. The percentage of accuracy in
selecting for downy mildew-resistant lines from the DH population were 69.7%, 70.9%, 72.4%, 72.4%, 58.3%, and
74.2%. These markers could be used in marker assisted selection to improve downy mildew resistance in Chinese
cabbage.

Keywords: Chinese cabbage (Brassica rapa L. ssp. pekinensis), downy mildew, BAC sequence,
molecular marker

Wk H 3: 2010-12-30; HR H#1: 2011-11-25
Fewh:

LT ARRI ARG IH (5. 6102011), dbaTH AR B ERWIFEE G0 H (45 : QNJJI201001), B ZKABMESZHE TR H (4

5: 2009BADB8BO0- 03) FHLARA ML ML B AR AR B L T 5t 4 5y

WIAEH 5KK%  Email: zhangfenglan@nercv.org

SIURAC:

PR, TR, KA, KRR, Bz, SRE, B SRASRE SRR RQTLIEBIN 2 TAxic P k. #itk, 2011, 33(11): 1271-1278.

LI Hui, YU Shuan-Cang, ZHANG Feng-Lan, YU Yang-Jun, ZHAO Xiu-Yun, ZHANG De-Shuang, ZHAO Xiang. Development of molecular markers
linked to the resistant QTL for downy mildew in Brassica rapa L. ssp. pekinensis. HEREDITAS, 2011,V33(11): 1271-1278.



BB AL

http://www.chinagene.cn/Jwk_yc/CN/10.3724/SP.J.1005.2011.01271 ak http://www.chinagene.cn/Jwk_yc/CN/Y2011/Vv33/111/1271

[1]
21
(31
[4]
(5]

(el

71

(el

(el
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]
[20]
[21]

[22]

[23]

[11
21
[31
[41
[51

(61
[71
(el

[e1

Mahajan V, Gill HS, More TA. Inheritance of downy mildew resistance in Indian cauliflower (group Ill). Euphytica, 1995, 86(1): 1-3. __ i
Farnham MW, Wang M, Thomas CE. A single dominant gene for downy mildew resistance in broccoli. Euphytica, 2002, 128(3): 405-407. __ s
Coelho PS, Monteiro AA. Inheritance of downy mildew resistance in mature broccoli plants. Euphytica, 2003, 131(1): 65-69. s

AR, ek, AT, ASEFUETRALERAPDARIL. @444k, 2007, 34(3): 763-766.

Farinh6 M, Coelho P, Carlier J, Svetleva D, Monteiro A, Leitdo J. Mapping of a locus for adult plant resistance to downy mildew in broccoli
(Brassica oleracea convar. italica). Theor Appl Genet, 2004, 109(7): 1392-1398.

Farinhé M, Coelho P, Monteiro A, Leitdo J. SCAR and CAPS markers flanking the Brassica oleracea L. Pp523 downy mildew resistance locus
demarcate a genomic region syntenic to the top arm end of Arabidopsis thaliana L. chromosome 1. Euphytica, 2007, 157(1-2): 215-221.

Giovannelli JL, Farnham MW, Wang M, Strand AE. Development of sequence characterized amplified region markers linked to downy mildew
resistance in broccoli. J Am Soc Hortic Sci, 2002, 127(4): 597-601.

Yu SC, Zhang FL, Yu RB, Zou YM, Qi JN, Zhao XY, Yu YJ, Zhang DS, Li L. Genetic mapping and localization of a major QTL for seedling
resistance to downy mildew in Chinese cabbage (Brassica rapa ssp. pekinensis). Mol Breed, 2009, 23(4): 573-590.

BLEETS, BRI, ARA00, BUEME. 5K SRPUR B AR DLEBN - FAid T, B E R 2R, 2010, 26(15): 66-70.
Marek LF, Shoemaker RC. BAC contig development by fin-gerprint analysis in soybean. Genome, 1997, 40(4): 420-427.
Biber A, Kaufmann H, Linde M, Spiller M, Terefe D, Debener T. Molecular markers from a BAC contig spanning the Rdrl locus: a tool for

marker-assisted selection in roses. Theor Appl Genet, 2010, 120(4): 765-773. _ re

Kilian A, Chen J, Han F, Steffenson B, Kleinhofs A. To-wards map-based cloning of the barley stem rust resistance genes Rpgl and rpg4
using rice as an intergenomic cloning vehicle. Plant Mol Biol, 1997, 35(1-2): 187-195. _ ref

Quint M, Dul3le CM, Melchinger AE, Lubberstedt T. Identification of genetically linked RGAs by BAC screening in maize and implications for
gene cloning, mapping and MAS. Theor Appl Genet, 2003, 106(7): 1171-1177.

Lehmensiek A, Sutherland MW, McNamara RB. The use of high resolution melting (HRM) to map single nucleotide polymorphism markers linked
to a covered smut resistance gene in barley. Theor Appl Genet, 2008, 117(5): 721-728. . rt

Yang HB, Liu WY, Kang WH, Jahn M, Kang BC. Development of SNP markers linked to the L locus in Capsicum spp. by a comparative genetic
analysis. Mol Breed, 2009, 24(4): 433-446.

Van KJ, Hwang EY, Kim MY, Kim YH, Cho YI, Cregan PB, Lee SH. Discovery of single nucleotide polymorphisms in soybean using primers

designed from ESTs. Euphytica, 2004, 139(2): 147-157. _  ret

Mackay JF, Wright CD, Bonfiglioli RG. A new approach to varietal identification in plants by microsatellite high resolution melting analysis:
application to the verification of grape-vine and olive cultivars. Plant Methods, 2008, 4(1): 8. _ rf

RTB, K, XIF, Atanassova B, #RFI14:, JHE IR, M. Filips- 23 M ISSR AL CAPSHRICIT K. 2241k, 2010, 37(2): 235-240.
WK, 25, KARTE, KRIEH. KSCAPSHRC YT & J7VE M S5k, ARAbfl R4k, 2009, 40(12): 62-65.
WARLL, T, DR, BRERE, JKE5, ZEm, MRaEkE, 2%, InDel MISNPHRICTE KRG RA se ke th BN . th EKFERFS, 2007, 21(5): 447-453.

Hayashi K, Yoshida H, Ashikawa |. Development of PCR-based allele-specific and InDel marker sets for nine rice blast resistance genes.
Theor Appl Genet, 2006, 113(2): 251-260. _, s

Harsh R, Rosy R, Rachel W, Peter M. Repetitive indel markers within the ALMT1 gene conditioning aluminium tolerance in wheat (Triticum
aestivum L.). Mol Breed, 2006, 18(2): 171-183.

XSG, Thive, fEMT, 20K, ZEAREE N ZK 7 18 M itk R Welp. ch-2RmInill 48 R 114>+ 52 A0 4 #T [J]. #ifk, 2013,35(3): 373-378
TRBA, P, WREOR, R, SR, SO R AR gy T I 2 R EERF ST R D). Rk, 2013,35(2): 151-160
U, SRS UE W IN A 2 REPE[I]. Bk, 2012,34(11): 1399-1408
W, WNHE, A, THEAK, BKSPAR, B, SEARRE. TGS AL B S R g X R S S R QT LA T [J]. #if%, 2011,33(12): 1398-1408
FRUE, RAEAR. 2 BRI b M R A A I 2 8 B4 A ] di4E, 2010,37(8): 533-544
1175, A, J5/F, Snowdon Rod J., E&F H A (13 4 8 R AL LB R SRR AL CHRER AU TE bR ic 10 9F R [J]. Hifk, 2010,37(5):
333-340
T, Rz H W R I B A O I R R R R B A M 31 QTLAY T [J]. 4%, 2010,32(3): 271-277
FEEZE, whikiE, &AL, WORE, L, HAM, BILE, BEER, e, EEH, RAOE. AR RS S BEEA R L ksms1 (senescence
and male sterility 1)) % & 5 5 B e 7 [J]. #if%, 2010,37(1): 47-55
I, R, Bie, BRoRM, MER, ml%E, B8, WD DR 2 EPCRAY T4 E [J]. Bifk, 2009,31(8): 844-848



[10]
[11]
[12]
[13]
[14]
[15]

TLHRE, SRS, BB, TAAE, TA KR Z 4 BB FF 58 48 Ak hed -2 3 4% 53 M R I £ [J]. Bi4%, 2009,31(5): 531-539

WOW, HeT, KE, JRER, BREER DArTHR I SR H R JEAE R W ast £ W ST 1 H [3]. g%, 2009,31(4): 359-364

BhA S, MR, TS, RN, RKEE, Tk, TUE. DR 4Rl (ISAP) I IT & K4 [3]. iif%, 2008,30(9): 1207-1216

WM, BAR, 20K, FEOT, KRG TSR, ATIERE. U MR G ks 5 R il i B b BT[] dgi4E, 2008,30(8): 1056-1062
T, ASHLAER. i D5 3 T 7 i A 2805 BTk 2 DR 1- 200 3% & 1k 4y T ARad [J]. 4%, 2008,30(7): 926-932

LAY, FHEEL mAR, TEE, MEKE, RiERe, XEE, Eil, WtT. o MERAPDIE A4 1 B % i R B2 [J]. i, 2007,29(7): 867-873

Copyright 2010 by #if4



