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Introduction

Powdery mildew caused by Blumeria graminis is one of the major diseases of wheat causing 

substantial yield and quality losses. Recently, locus QPm.tut-4A conferring non-race-specific 

resistance to powdery mildew was introgressed to hexaploid wheat cv. Tähti from tetraploid

Triticum militinae. The locus was mapped to the distal end of the wheat 4AL chromosomal 

arm, between markers Rga3.1.1 and Xwmc232 in the mapping population derived from the 

cross of the introgressive line 8.1 and cv Tähti (Jakobson et al., 2006). Unfortunately, no 

natural recombination within the region was observed among 1200 haplotypes tested. In an

attempt to clone the QPm.tut-4A gene, we combined several approaches to overcome the

limitation and saturate the region with markers. 
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QPm-tut-4A region ~ 10 cM
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QPm-tut-4A region narrowed down to 0.3 cM

Radiation hybrid seed panel 4ALT.m. 

863 lines

Gamma irradiated seeds
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New mapping population derived from the resistant introgressive line 8.1 and susceptible cv Chinese Spring comprising 1017 lines, restoration of recombination in the QPm-tut-4A region, direct link to 

the physical map of the Chinese Spring 4AL chromosomal arm

Construction of the 4AL physical map yielded 

contigs specific for the QPm-tut-4A region and 488 

BAC ends were sequenced Several of these 

sequences were converted to markers for saturation 

of the critical region (markers with names started 

with “ctg” or number).

LG9

Distance

(cM Kosambi)

23._MW G_584_-_270_bp

10.820._RPG_F1R3_-_240_bp

17.51._ABG_466_250ABG466_1

20.4G-128, G-96

22.3G-42

22.9dv-445, G-87, dv-537

27.9dv-632, dv-605, dv-650

28.5dv-655

33.53122_305pbIRAP3122_2

35.49.ABG_55_205_bpABG55_6

38.9FT_F1/R3

44.815._Ksu_G14_450_bpKsuG14_2

50.7G-66

54.1G-149

56.0G-140, G-222

57.3G-67, G-126

60.5G-51, G-86, G-91

70.2dv-518

77.8Owm31F2R2_230_bp

89.5dv-542

90.2G-210

96.4dv-506

99.7dv-319

104.5dv-526

107.4G-208

108.0G-57, G-134

112.0dv-297, dv-325

115.9dv-586

117.8dv-346

119.1dv-328, G-156

122.3dv-362

123.6dv-392

125.5dv-302, G-152

126.7G-62, G-15, G-80, G-28, G-228, 

126.7G-8

129.3dv-294, dv-437, dv-277, dv-358, dv-290, 

129.3dv-276

139.7dv-301, dv-389, dv-478, dv-415

140.4G-105, G-124, G-61, dv-549

147.423._MW G_584_-_140_bp

174.9dv-614

182.7G-221

183.5G-176

184.2dv-292, dv-332

189.1dv-594

190.4G-174, G-195

191.1dv-403, dv-272

195.1IRAP_1107-450pb

203.0dv-337

204.3G-154

209.8G-49, G-20

211.7dv-268, dv-342

213.6G-76, G-102

216.1dv-269

216.8G-89, G-190

219.3dv-505, dv-413

224.7dv-466

244.1dv-627

251.5dv-450

254.1G-260

262.3dv-279, dv-291

268.0dv-584

272.1G-117

276.2G-11, G-193

282.9dv-644

286.07._Ksu_G62_250_bpKsuG62_2

GrainGenes database (http://wheat.pw.usda.gov) and 

our T. monococcum map with over 600 DArT, SSR, 

and genic markers mapped. Colinear markers from 

chromosomes 4A and  7Am used for QPm-tut-4A gene 

region map saturation.

Colinearity studies using Barley, rice, Brachypodium

and Sorghum genomes and genome zipper 

established using 454 survey sequence of 

chromosome 4A (Hernandez et al. 2011).

Radiation hybrid panel

source of new markers –

saturation of the gene 

region

High frequency of random chromosome  

deletions

marker verification

Identification of 

collinear regions in the 

genetic maps and 

genome sequences

Identification of BAC 

contigs in the 4AL 

physical map

saturation of the gene region map

Increase the mapping resolution 

and circumventing the lack of 

recombination, 48 mutant lines 

in the gene region identified

Physical mapping of 

markers

Colinearity assays

Colinear genetic maps

Physical map

Conversion of BAC 

sequences  to markers 

and their verification

BAC derived markers –

saturation of the gene 

region map

QPm.tut-4A region in the Tähti x 8.1 

mapping population
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