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Basal resistance

“What makes the plant less than extremely susceptible, 
non-hypersensitive resistance”

Basal Resistance to Biotrophic Fungi

Niks & Marcel (2009), New Phytologist 182

Working hypotheses
− Basal resistance determines the host status of barley to rusts
and powdery mildews



Basal resistance

Basal Resistance to Biotrophic Fungi

Host status - “Barley is a host to Puccinia hordei, but is a 
non-host to leaf rusts of rye, wheat and grasses...”

Barley

P. hordei

host

host

non-host

non-host

P. triticina

Wheat

Niks & Marcel (2009), New Phytologist 182



Basal resistance

“What makes the plant less than extremely susceptible, 
non-hypersensitive resistance”

Basal Resistance to Biotrophic Fungi

Quantitative→ host partial resistance

− latency period

− infection frequency

− severity scale

− number of pustules

− lesion length

QTL mapping

Niks & Marcel (2009), New Phytologist 182



Basal resistance

“What makes the plant less than extremely susceptible, 
non-hypersensitive resistance”

Basal Resistance to Biotrophic Fungi

Quantitative→ host partial resistance

Qualitative → non-host resistance

Niks & Marcel (2009), New Phytologist 182



Basal resistance

Atienza et al. (2004), Planta 220

Development of hyper-susceptible experimental lines…

P. triticina

some barley accessions, 
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most barley accessions, 
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SusPtrit (barley)
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Atienza et al. (2004), Planta 220

Development of hyper-susceptible experimental lines…
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Basal resistance

Aghnoum et al., submitted

Development of hyper-susceptible experimental lines…

B. graminis f.sp. tritici

most barley accessions, 
like Vada

SusBgt (barley)

susceptible wheat



Basal resistance

“What makes the plant less than extremely susceptible, 
non-hypersensitive resistance”

Basal Resistance to Biotrophic Fungi

Quantitative→ host partial resistance

Qualitative → non-host resistance

Working hypotheses
− Basal resistance determines the host status of barley to rusts
and powdery mildews

− Partial and non-host resistances belong to the same system

Niks & Marcel (2009), New Phytologist 182



Host Status Species or Formae specialis Isolate

HOST Puccinia hordei 1.2.1 6 3 1 4 4

HOST Puccinia hordei 24 8

HOST Puccinia hordei 17 4

HOST Puccinia hordei 26 6

HOST Puccinia hordei Uppsala 6

HOST Puccinia hordei 18 2

HOST Puccinia hordei YM 2

MARGINAL Puccinia coronata agropyrina 4 4

MARGINAL Puccinia graminis  f.sp. lolii 3

MARGINAL Puccinia graminis  f.sp. tritici 5

MARGINAL Puccinia hordei-bulbosi 10 2 1

MARGINAL Puccinia hordei-murini 3 5 1

MARGINAL Puccinia hordei-secalini 3 4 1

MARGINAL Puccinia persistens 4 5 5 2

MARGINAL Puccinia triticina  Flamingo 2 4 5 2

MARGINAL Puccinia triticina-duri T.durum 2

HOST Puccinia striiformis  f.sp. hordei 1

MARGINAL Puccinia striiformis  f.sp. bromi 3

MARGINAL Puccinia striiformis  f.sp. tritici 2

HOST Blumeria graminis  f.sp. hordei 6 7 4 2 5 5

MARGINAL Blumeria graminis  f.sp. agropyri
MARGINAL Blumeria graminis  f.sp. hordei murini
MARGINAL Blumeria graminis  f.sp. secalis
MARGINAL Blumeria graminis  f.sp. tritici
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Mapping QTLs for basal resistance on the barley genome

Host Status Species or Formae specialis Isolate

HOST Puccinia hordei 1.2.1 6 3 1 4 4

HOST Puccinia hordei 24 8

HOST Puccinia hordei 17 4

HOST Puccinia hordei 26 6
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Identification of 154 QTLs and 4 Major Genes

Distribution of RQTLs on the barley genome
− clustering of RQTLs?

− overlap between host and non-host RQTLs?

− overlap between RQTLs across populations?

− overlap between RQTLs to different pathogens species?

Molecular basis of the RQTLs

− identification of positional candidate genes?

− which loci to select for map-based cloning?



Barley integrated linkage map

“Barley, Integrated, Marcel 2009” (GG2)

Marcel et al. (2007), TAG 114

Aghnoum et al., submitted

L94/Vada

Vada/SusPtrit

C. Capa/SusPtrit

Dom/Rec (OWBs)

Steptoe/Morex

Nure/Tremois

Igri/Franka

Integration of the available 
markers from 7 mapping 

populations using JoinMap 4



Barley integrated linkage map

“Barley, Integrated, Marcel 2009” (GG2)

6990 molecular markers
– RFLP, AFLP, SSR, DArT, TDM…

3561 from Steptoe/Morex
– Wenzl et al. 2006 (DArT)
– Stein et al. 2007 (EST)
– Potokina et al. 2008 (TDM)

2846 EST-based markers
– functional markers
– candidate genes
– synteny among cereals

217 BINs of about 5cM
– Kleinhofs et al. 2001

Marcel et al. (2007), TAG 114

Aghnoum et al., submitted

L94/Vada

Vada/SusPtrit

C. Capa/SusPtrit

Dom/Rec (OWBs)

Steptoe/Morex

Nure/Tremois

Igri/Franka



Distribution of QTLs for basal resistance across the barley genome

Marcel et al. (2007), TAG 114

Aghnoum et al., submitted

Ph Pca Pgl Pgt Phb Phm Phs Pp Pt Psh Psb Pst Bgh Prx

BIN markers EST-based peroxidase markers Peroxidase profiling markers
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217 BINs of 5 cM



Distribution of QTLs for basal resistance across the barley genome

Marcel et al. (2007), TAG 114

Aghnoum et al., submitted

Ph Pca Pgl Pgt Phb Phm Phs Pp Pt Psh Psb Pst Bgh Prx

BIN markers EST-based peroxidase markers Peroxidase profiling markers

BCD14340
ABA3053
E42M51-1139

MWG93814

cMWG64519

MWG83724
GBM100728
ABA00432
GBR115435
BCD09839
ABG05343

Ica148
E35M61-9252

JS07458
Pcr262
bPb-119365
Glb168

GBM110874

DAK123B81
GBR064384
PSR33088

Bmac0144a93

cMWG649B98

cMWG706A103

ABC257109
BCD193113

GBR1418118

ABG702123

ABC261128

GBR0828133

GBR1390138
telo142

QTL1H
QTL1H

QTL1H
QTL1H

QTL1H
QTL1H

Prx1H
Prx1H

Prx1H
Prx1H

Prx1H

1H

MWG844A0
GBR06134
ABG703B9
E37M33-16012

MWG87817

GBS053524

ABG31831
E33M61-13535

ABG35841
GBR155045

Pox50
E38M54-16954

Bgq6060
GBM523063
ABC46866
GBMS16070
ABC45175
MWG86579

Bmag012584

MWG50390

MWG88295
GBM120899
ksuD22103

E33M54-307110

GBS0379115

ABC252120

GBM1047127

ABC165A132

E35M61-358137

MWG844C144

MWG2200151

telo156

QTL2H
QTL2H

QTL2H
QTL2H

QTL2H
QTL2H

QTL2H

Prx2H
Prx2H

Prx2H
Prx2H

Prx2H
Prx2H

Prx2H

2H

BCD9070

ABG07013

JS195F18

E35M48-25023
E42M55-23327

ABG32132

MWG798B38
MWG58442

BCD15348

E37M32-47154

ABG39660

GBM137266

MWG571B71

ABC17677
ABG37781

MWG555B86
ABG45389

ABR32095
CDO34598
bPt-7238102
CDO113B107
GBS0510111
His4B114
MWG847118

ABG004123

WG110129
ABC161133

MWG902139

ABC174144

Adh10151

ABC166158

GBR1425163

ABC172168

telo174

QTL3H
QTL3H

QTL3H
QTL3H

QTL3H

QTL3H
QTL3H

QTL3H
QTL3H

QTL3H
QTL3H

Prx3H
Prx3H

Prx3H
Prx3H

Prx3H
Prx3H

Prx3H

3H

bPt-76020

bPt-78527

MWG63413

E35M54-54819

JS103,325

HVM4032

Ole138
LoxA41

BCD402B46

HVKNOX351

BCD808B56
ABC30360
ABG48464
PBI2568

bBE54A74

Bmac031080

BCD453B85
GBM135088

ABG319A94
E39M61-36798

KFP221104

bPb-1325109

ABG397114

GBM1448121

ABG319C126

MWG2037B132

E42M58-312137

GBM1018142

telo147

QTL4H
QTL4H

QTL4H
QTL4H

QTL4H
QTL4H

Prx4H
Prx4H

4H

bPb-23300
DAK1335

ABR31310
MWG920-1A13

bPb-009119
scssr0710624
E45M55-40028
ABG70533
CDO669B38
ABG39541
E32M62-32144
Ltp147
GBMS19651
WG53054
E35M55-18157

GBS004263

ABC30269

E38M55-12875
BCD92679

MWG52287

ABG47392

GBM122797

E42M51-335103
MWG2230107

GBS0531113

MWG514B118

GBS0138123
WG908127

E42M55-75134

ABG496141

GBS0800148

ABG391154
ABG390158

DsT-33163

ABG463169

ABC309174
MWG851B178
telo182

QTL5H
QTL5H

QTL5H
QTL5H

QTL5H
QTL5H

QTL5H
QTL5H

5H

ABG0622
ABG4667

ABG37813
E42M54-16017
E33M61-40121

cMWG652A26

E33M55-6332

DD1,1C37

ABG387B44
E35M61-26948
GBM105352
iLdh156

GBS046861

ABG47466

GBMS18071

ABC170B76
GBS076780

Nar785

GBR062192

MWG93498

Tef1103

scssr00103108

Bmac0040a113

P16M51-215119

GBM1274124

MWG2196129
cMWG684A133

telo140

QTL6H
QTL6H

QTL6H
QTL6H

QTL6H

QTL6H
QTL6H

QTL6H
QTL6H

QTL6H

6H

E37M50-4010

ABG7047

bPt-362313

ABG32019

P14M61-7325

ABC151A30
GBM132634
ABG38037

bPt-694443

ksuA1A48

GBM146453

Brz59

ABC25564

HVCMA69
E33M54-26173
ABG70176

ABC45582

Amy288

GBMS14194

RZ242100
bPb-9908104
ABC310B108
bPb-9104112
ABC305116

GBR1547122

ABG461A127

GBR1326132

GBM1456137

GBR1567146
bPb-1858150
telo154

QTL7H
QTL7H

QTL7H
QTL7H

QTL7H
7H



Distribution of QTLs for basal resistance across the barley genome

Marcel et al. (2007), TAG 114

Aghnoum et al., submitted
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Bmac0040a113

P16M51-215119

GBM1274124

MWG2196129
cMWG684A133

telo140

QTL6H
QTL6H

QTL6H
QTL6H

QTL6H

QTL6H
QTL6H

QTL6H
QTL6H

QTL6H

6H

E37M50-4010

ABG7047

bPt-362313

ABG32019

P14M61-7325

ABC151A30
GBM132634
ABG38037

bPt-694443

ksuA1A48

GBM146453

Brz59

ABC25564

HVCMA69
E33M54-26173
ABG70176

ABC45582

Amy288

GBMS14194

RZ242100
bPb-9908104
ABC310B108
bPb-9104112
ABC305116

GBR1547122

ABG461A127

GBR1326132

GBM1456137

GBR1567146
bPb-1858150
telo154

QTL7H
QTL7H

QTL7H
QTL7H

QTL7H
7H

Partial resistance to barley leaf rust &

Partial resistance to barley powdery mildew

…are not significantly associated (Chi2=1.5)



Distribution of QTLs for basal resistance across the barley genome

Jafary et al. (2006), MPMI 19
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Ph Pca Pgl Pgt Phb Phm Phs Pp Pt Psh Psb Pst Bgh Prx

BIN markers EST-based peroxidase markers Peroxidase profiling markers

BCD14340
ABA3053
E42M51-1139

MWG93814

cMWG64519

MWG83724
GBM100728
ABA00432
GBR115435
BCD09839
ABG05343

Ica148
E35M61-9252

JS07458
Pcr262
bPb-119365
Glb168

GBM110874

DAK123B81
GBR064384
PSR33088

Bmac0144a93

cMWG649B98

cMWG706A103

ABC257109
BCD193113

GBR1418118

ABG702123

ABC261128

GBR0828133

GBR1390138
telo142

QTL1H
QTL1H

QTL1H
QTL1H

QTL1H
QTL1H

Prx1H
Prx1H

Prx1H
Prx1H

Prx1H

1H

MWG844A0
GBR06134
ABG703B9
E37M33-16012

MWG87817

GBS053524

ABG31831
E33M61-13535

ABG35841
GBR155045

Pox50
E38M54-16954

Bgq6060
GBM523063
ABC46866
GBMS16070
ABC45175
MWG86579

Bmag012584

MWG50390

MWG88295
GBM120899
ksuD22103

E33M54-307110

GBS0379115

ABC252120

GBM1047127

ABC165A132

E35M61-358137

MWG844C144

MWG2200151

telo156

QTL2H
QTL2H

QTL2H
QTL2H

QTL2H
QTL2H

QTL2H

Prx2H
Prx2H

Prx2H
Prx2H

Prx2H
Prx2H

Prx2H

2H

BCD9070

ABG07013

JS195F18

E35M48-25023
E42M55-23327

ABG32132

MWG798B38
MWG58442

BCD15348

E37M32-47154

ABG39660

GBM137266

MWG571B71

ABC17677
ABG37781

MWG555B86
ABG45389

ABR32095
CDO34598
bPt-7238102
CDO113B107
GBS0510111
His4B114
MWG847118

ABG004123

WG110129
ABC161133

MWG902139

ABC174144

Adh10151

ABC166158

GBR1425163

ABC172168

telo174

QTL3H
QTL3H

QTL3H
QTL3H

QTL3H

QTL3H
QTL3H

QTL3H
QTL3H

QTL3H
QTL3H

Prx3H
Prx3H

Prx3H
Prx3H

Prx3H
Prx3H

Prx3H

3H

bPt-76020

bPt-78527

MWG63413

E35M54-54819

JS103,325

HVM4032

Ole138
LoxA41

BCD402B46

HVKNOX351

BCD808B56
ABC30360
ABG48464
PBI2568

bBE54A74

Bmac031080

BCD453B85
GBM135088

ABG319A94
E39M61-36798

KFP221104

bPb-1325109

ABG397114

GBM1448121

ABG319C126

MWG2037B132

E42M58-312137

GBM1018142

telo147

QTL4H
QTL4H

QTL4H
QTL4H

QTL4H
QTL4H

Prx4H
Prx4H

4H

bPb-23300
DAK1335

ABR31310
MWG920-1A13

bPb-009119
scssr0710624
E45M55-40028
ABG70533
CDO669B38
ABG39541
E32M62-32144
Ltp147
GBMS19651
WG53054
E35M55-18157

GBS004263

ABC30269

E38M55-12875
BCD92679

MWG52287

ABG47392

GBM122797

E42M51-335103
MWG2230107

GBS0531113

MWG514B118

GBS0138123
WG908127

E42M55-75134

ABG496141

GBS0800148

ABG391154
ABG390158

DsT-33163

ABG463169

ABC309174
MWG851B178
telo182

QTL5H
QTL5H

QTL5H
QTL5H

QTL5H
QTL5H

QTL5H
QTL5H

5H

ABG0622
ABG4667

ABG37813
E42M54-16017
E33M61-40121

cMWG652A26

E33M55-6332

DD1,1C37

ABG387B44
E35M61-26948
GBM105352
iLdh156

GBS046861

ABG47466

GBMS18071

ABC170B76
GBS076780

Nar785

GBR062192

MWG93498

Tef1103

scssr00103108

Bmac0040a113

P16M51-215119

GBM1274124

MWG2196129
cMWG684A133

telo140

QTL6H
QTL6H

QTL6H
QTL6H

QTL6H

QTL6H
QTL6H

QTL6H
QTL6H

QTL6H

6H

E37M50-4010

ABG7047

bPt-362313

ABG32019

P14M61-7325

ABC151A30
GBM132634
ABG38037

bPt-694443

ksuA1A48

GBM146453

Brz59

ABC25564

HVCMA69
E33M54-26173
ABG70176

ABC45582

Amy288

GBMS14194

RZ242100
bPb-9908104
ABC310B108
bPb-9104112
ABC305116

GBR1547122

ABG461A127

GBR1326132

GBM1456137

GBR1567146
bPb-1858150
telo154

QTL7H
QTL7H

QTL7H
QTL7H

QTL7H
7H

Partial resistance to barley leaf rust &

Non-host resistance to maladapted grass leaf rusts

…are significantly associated (Chi2=6.0)



Ph Pca Pgl Pgt Phb Phm Phs Pp Pt Psh Psb Pst Bgh Prx

BIN markers EST-based peroxidase markers Peroxidase profiling markers

BCD14340
ABA3053
E42M51-1139

MWG93814

cMWG64519

MWG83724
GBM100728
ABA00432
GBR115435
BCD09839
ABG05343

Ica148
E35M61-9252

JS07458
Pcr262
bPb-119365
Glb168

GBM110874

DAK123B81
GBR064384
PSR33088

Bmac0144a93

cMWG649B98

cMWG706A103

ABC257109
BCD193113

GBR1418118

ABG702123

ABC261128

GBR0828133

GBR1390138
telo142

QTL1H
QTL1H

QTL1H
QTL1H

QTL1H
QTL1H

Prx1H
Prx1H

Prx1H
Prx1H

Prx1H

1H

MWG844A0
GBR06134
ABG703B9
E37M33-16012
MWG87817
GBS053524
ABG31831
E33M61-13535
WBE10540
ABG35841
GBR155045
Pox

Pox50

GBR0126

GBR106251

E38M54-16954
GBR1306

Bgq60

GBS0003
60

GBR0020

GBR125762

GBM523063
ABC46866
GBMS16070
ABC45175
MWG86579
Bmag012584
WBE12989
MWG50390
MWG88295
GBM120899
ksuD22103
E33M54-307110
GBS0379115
ABC252120
GBM1047127
ABC165A132
E35M61-358137
Contig1873_at

MWG844C144

Prx2

GBR1182

WBE111
148

GBR0017149
MWG2200151
telo156

QTL2H
QTL2H

QTL2H
QTL2H

QTL2H
QTL2H

QTL2H

QTL2H
QTL2H

QTL2H
Prx2H

Prx2H
Prx2H

Prx2H
Prx2H

Prx2H
Prx2H

2H

BCD9070

ABG07013

JS195F18

E35M48-25023
E42M55-23327

ABG32132

MWG798B38
MWG58442

BCD15348

E37M32-47154

ABG39660

GBM137266

MWG571B71

ABC17677
ABG377

WBE232

Contig7079_at

Contig7080_at

GBR1266

81

MWG555B86
ABG45389
ABR32095
CDO34598
bPt-7238102
CDO113B107
GBS0510111
His4B114
MWG847118
ABG004123
WG110129
ABC161133
MWG902139
ABC174144
Adh10151

ABC166158
Prx1B159
GBR1425163
ABC172168

telo174

QTL3H QTL3H
QTL3H

QTL3H
QTL3H

QTL3H
QTL3H

QTL3H

3H

bPt-76020

bPt-78527

MWG63413

E35M54-54819

JS103,325

HVM4032

Ole138
LoxA41

BCD402B46

HVKNOX351

BCD808B56
ABC30360
ABG48464
PBI2568

bBE54A74

Bmac031080

BCD453B85
GBM135088

ABG319A94
E39M61-36798

KFP221104

bPb-1325109

ABG397114

GBM1448121

ABG319C126

MWG2037B132

E42M58-312137

GBM1018142

telo147

QTL4H
QTL4H

QTL4H
QTL4H

QTL4H
QTL4H

4H

bPb-23300
DAK1335

ABR31310
MWG920-1A13

bPb-009119
scssr0710624
E45M55-40028
ABG70533
CDO669B38
ABG39541
E32M62-32144
Contig4292_at45
Ltp147
GBMS19651
WG53054
E35M55-18157
GBS004263
ABC30269

E38M55-12875
BCD92679

MWG52287

ABG47392

GBM122797

E42M51-335103
MWG2230107

GBS0531113

MWG514B118

GBS0138123
WG908127

E42M55-75134

ABG496141

GBS0800148

ABG391154
ABG390158

DsT-33163

ABG463169

ABC309174
MWG851B178
telo182

QTL5H
QTL5H

QTL5H
QTL5H

QTL5H
QTL5H

QTL5H
QTL5H

QTL5H
QTL5H

5H

ABG0622
ABG4667

ABG37813
E42M54-16017
E33M61-40121

cMWG652A26

E33M55-6332

DD1,1C37

ABG387B44
E35M61-26948
GBM105352
iLdh156
GBS046861
ABG47466
GBMS18071
GBR106972
GBR013473
ABC170B76
GBS076780
Nar785

GBR062192

MWG93498

Tef1103

scssr00103108

Bmac0040a113

P16M51-215119

GBM1274124

MWG2196129
cMWG684A133

telo140

QTL6H QTL6H

Prx6H
Prx6H

Prx6H
Prx6H

6H

E37M50-4010

ABG7047
bPt-3623

GBS057213

ABG32019
Prx1A22
P14M61-7325
ABC151A30
GBM132634
ABG38037
Contig11509_at38
bPt-694443
ksuA1A48
GBM146453

Brz59
ABC25564
HVCMA69
E33M54-26173
ABG70176
WBE12279
ABC45582

Amy288

GBMS14194

RZ242100
bPb-9908104
ABC310B108
bPb-9104112
ABC305116

GBR1547122

ABG461A127

GBR1326132

GBM1456137

GBR1567146
bPb-1858150
telo154

QTL7H
QTL7H

QTL7H
QTL7H

QTL7H
QTL7H

QTL7H
QTL7H

QTL7H

7H

Distribution of QTLs for basal resistance across the barley genome

Marcel et al. (2007), TAG 114

Jafary et al. (2008), Genetics 178



Ph Pca Pgl Pgt Phb Phm Phs Pp Pt Psh Psb Pst Bgh Prx

BIN markers EST-based peroxidase markers Peroxidase profiling markers

BCD14340
ABA3053
PERO1.MSEI-370A7
PERO1.RSAI-448A8
E42M51-1139
MWG93814
cMWG64519
MWG83724
GBM100728
ABA00432
GBR115435
PERO4.RSAI-168B38
BCD09839
PERO4.RSAI-170A40
PERO5.MSEI-298A42
ABG05343
Ica148
E35M61-9252
JS074 PERO1.RSAI-265B

PERO1.RSAI-288B PERO5.MSEI-475B

PERO1.MSEI-070B PERO2.MSEI-385B

PERO1.MSEI-380B

58

Pcr262
bPb-119365
Glb168
PERO1.ALUI-560B70
PERO1.ALUI-450B72
PERO2.ALUI-438B PERO2.ALUI-442B

PERO1.ALUI-445B73

PERO4.MSEI-530B PERO2.MSEI-650B

PERO2.MSEI-590B GBM1108

PERO1.MSEI-575B
74

PERO1.MSEI-640B PERO1.MSEI-650B

PERO4.MSEI-525B75

PERO1.MSEI-648A PERO1.MSEI-650A

PERO2.MSEI-650A PERO1.ALUI-435A

PERO1.RSAI-360A PERO2.MSEI-655A

PERO3.MSEI-317A PERO1.RSAI-360B

76

PERO1.MSEI-640A77
PERO1.ALUI-570A PERO1.ALUI-440A

PERO1.RSAI-355B79

PERO3.RSAI-478A PERO3.RSAI-490A80
DAK123B81
GBR064384
PSR33088
Bmac0144a93
cMWG649B98
cMWG706A103
ABC257109
PERO2.ALUI-300A PERO2.ALUI-305A

PERO1.ALUI-292A PERO1.ALUI-300A110

BCD193113
GBR1418118
ABG702123
ABC261128
GBR0828133
GBR1390138
telo142

1H

MWG844A0
GBR06134
ABG703B9
E37M33-16012
PERO1.RSAI-438B13
MWG87817
PERO1.ALUI-268B22
GBS0535 PERO2.ALUI-275B24
PERO5.MSEI-385A26
ABG31831
E33M61-13535
PERO1.RSAI-420A PERO1.RSAI-435A39
PERO1.RSAI-110A PERO4.MSEI-272A

WBE10540

ABG35841
GBR155045
Pox Pox50
GBR0126 GBR106251
PERO3.MSEI-473A PERO3.MSEI-479A

PERO2.MSEI-368A52

PERO1.MSEI-360A PERO2.MSEI-630B53
PERO2.MSEI-368B PERO1.MSEI-360B

E38M54-16954

GBR1306 Bgq60

GBS000360

GBR0020 GBR125762
PERO4.MSEI-452A GBM523063
ABC46866
PERO2.MSEI-205A GBMS16070
PERO1.RSAI-342A72
ABC45175
MWG86579
Bmag012584
WBE12989
MWG50390
MWG88295
GBM120899
ksuD22103
E33M54-307110
GBS0379115
ABC252120
PERO5.RSAI-318B122
GBM1047127
ABC165A132
E35M61-358137
MWG844C144
Prx2 GBR1182

WBE111148

PERO6.MSEI-312A PERO6.MSEI-315A

PERO4.MSEI-312A PERO4.MSEI-510A

GBR0017 PERO2.MSEI-270A

PERO2.MSEI-226A PERO2.MSEI-270B

PERO4.MSEI-315A PERO5.MSEI-452B

PERO2.MSEI-298B

149

MWG2200151
PERO2.MSEI-340B155
telo156

2H

BCD9070

PERO6.MSEI-192A8

ABG07013

JS195F18
E35M48-25023
E42M55-23327
ABG32132
MWG798B38
MWG58442
BCD15348
PERO2.MSEI-485B49
PERO4.MSEI-210B51
E37M32-47154
PERO1.MSEI-342A56
PERO1.RSAI-218A57
PERO2.ALUI-418A58
PERO1.ALUI-418A PERO1.ALUI-420A

ABG39660

PERO2.MSEI-310B PERO5.MSEI-360B64
PERO5.MSEI-360A GBM137266
PERO2.MSEI-543B69
MWG571B71
PERO1.MSEI-140B75
PERO2.MSEI-142B PERO2.MSEI-145B

PERO6.MSEI-265B PERO6.MSEI-268B76

ABC17677
ABG377 WBE232

Contig7079_at Contig7080_at

GBR1266
81

MWG555B86
ABG45389
ABR32095
PERO3.MSEI-441A97
CDO34598
bPt-7238102
CDO113B107
PERO3.RSAI-525B PERO3.RSAI-520B

GBS0510111

His4B PERO5.RSAI-458B114
PERO4.RSAI-235A116
PERO4.MSEI-465B PERO2.MSEI-690B

PERO2.MSEI-720B117

MWG847118
PERO6.MSEI-462A PERO6.MSEI-458A

PERO3.RSAI-530A PERO4.MSEI-458A120

PERO4.MSEI-505A121
ABG004123
WG110129
ABC161133
MWG902139
ABC174144
Adh10151
ABC166158
Prx1B159
GBR1425163
ABC172168
telo174

3H

bPt-76020

bPt-78527

MWG63413

E35M54-54819

JS103.325

HVM4032

Ole138
LoxA41

BCD402B46

HVKNOX351

BCD808B56

ABC30360

ABG48464
PBI2568
bBE54A PERO2.MSEI-657B

PERO2.MSEI-660B74

PERO2.ALUI-220B75

Bmac031080

BCD453B85
GBM135088

ABG319A94

E39M61-36798

KFP221104

bPb-1325109

ABG397114

GBM1448121

ABG319C126

MWG2037B132
PERO6.MSEI-328A136
PERO4.MSEI-328B E42M58-312137

GBM1018142

telo147

4H

bPb-23300

DAK1335

ABR31310
MWG920-1A13

bPb-009119

scssr0710624
E45M55-40028
PERO5.MSEI-190B29

ABG70533

CDO669B PERO5.RSAI-472A38
ABG39541
E32M62-32144
Ltp147

GBMS19651
WG53054
E35M55-18157

GBS004263

ABC30269

E38M55-12875

BCD92679

MWG52287

ABG47392

GBM122797

PERO6.MSEI-398A101
E42M51-335103

MWG2230107

GBS0531113
MWG514B118
PERO1.RSAI-505A122
GBS0138 PERO5.MSEI-412A123
PERO1.RSAI-500A PERO1.ALUI-505B125
PERO3.RSAI-505B126
PERO1.ALUI-490B PERO1.MSEI-400B

PERO1.ALUI-485B WG908127

PERO2.MSEI-405B PERO1.ALUI-495B128
E42M55-75134
ABG496141

GBS0800148

ABG391154

ABG390158

DsT-33163
PERO5.RSAI-372A167
ABG463 PERO5.RSAI-378B169
PERO5.MSEI-310B171
ABC309174

MWG851B178
telo182

5H

ABG0622

ABG4667

ABG37813

E42M54-16017

E33M61-40121
cMWG652A26
PERO1.ALUI-215A PERO1.ALUI-220A

PERO2.ALUI-220A PERO2.ALUI-225A28

PERO4.MSEI-245A29
E33M55-6332
PERO1.ALUI-210B DD1.1C37
PERO2.ALUI-228B39
ABG387B44
E35M61-26948
GBM105352
iLdh156
PERO4.RSAI-180B57
GBS046861
ABG47466
GBMS18071
GBR106972
GBR013473
ABC170B76
PERO1.MSEI-680A PERO1.MSEI-676A77
PERO2.MSEI-676B PERO2.MSEI-680B78
GBS076780
Nar785

GBR062192

MWG93498

Tef1103

scssr00103108

Bmac0040a113

P16M51-215119

GBM1274124
PERO4.MSEI-348B127
PERO4.MSEI-372A128
MWG2196 PERO6.MSEI-370A129
cMWG684A133

telo140

6H

E37M50-4010
ABG7047
PERO5.RSAI-460B bPt-3623

GBS057213

PERO4.RSAI-478A14
PERO4.MSEI-278B15
PERO4.MSEI-278A17
PERO5.MSEI-505A PERO4.RSAI-268A

PERO4.MSEI-248A18

ABG32019
Prx1A22
PERO4.MSEI-252B24
P14M61-73 PERO4.RSAI-268B25
PERO5.MSEI-510B PERO5.MSEI-508B27
ABC151A PERO5.MSEI-255A30
PERO4.MSEI-502B33
GBM132634
ABG38037
bPt-694443
ksuA1A48
GBM146453
Brz59
ABC25564
HVCMA69
E33M54-261 PERO1.MSEI-305B73
PERO2.ALUI-298B74
ABG70176
WBE122 PERO2.ALUI-298A

PERO1.MSEI-303A PERO4.RSAI-472A79

PERO5.RSAI-428A PERO5.RSAI-338A

PERO5.RSAI-338B80

ABC45582
PERO2.MSEI-490A84
PERO4.MSEI-405A85
PERO2.MSEI-490B86
PERO1.RSAI-508A87
PERO1.MSEI-275A Amy288
PERO1.ALUI-538B89
PERO2.MSEI-138B PERO1.ALUI-520B91
PERO1.RSAI-505B92
GBMS14194
RZ242100
bPb-9908104
PERO2.MSEI-242B107
ABC310B108
bPb-9104112
ABC305116
GBR1547122
ABG461A127
GBR1326132
GBM1456137
GBR1567146
bPb-1858150
telo154

7H

Peroxidase Profiling in barley

Peroxidase Profiling in barley

– PRX genes have conserved motives that can be used for mapping

– About 15% polymorphism in the two barley populations tested

– 168 PERO markers predicted to represent about half of the 124 
known PRX genes in barley (PeroxiBase, February 2009)

– PRX genes are organized in clusters in barley

– About 40 PRX clusters predicted over the barley genome

– PRX-based markers are significantly associated with:

• partial resistance to barley leaf rust (Chi2=6.3)

• partial resistance to barley powdery mildew (Chi2=6.3)

• non-host resistance to other grass leaf rusts (Chi2=5.5)

Poster 047 (session 3), González et al.                                                               
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Distribution of QTLs for basal resistance across the barley genome

Jafary et al. (2008), Genetics 178

Aghnoum et al., submitted
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Marcel et al. (2007), MPMI 20

PR - Puccinia hordei

rphq2 Rphq2

HR - Erysiphe graminis

mlLa MlLa

– 38 sub-NILs identified within 1,846 gametes

– Rphq2 fine-mapped at 0.11 cM

– MlLa is about 2 cM distal from Rphq2

Substitution mapping of Rphq2



Construction of two barley BAC libraries

Physical mapping at Rphq2

50 kb -
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150 kb -
200 kb -

pIndigo -

BAC inserts ‘Vada’ library
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200 kb -

pIndigo -

BAC inserts ‘Vada’ library

Vada pooled library

– 161,000 clones

– 81 Kbp per clone

– 2.9x genome coverage
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pIndigo -

BAC inserts ‘SusPtrit’ library

50 kb -
100 kb -
150 kb -
200 kb -

pIndigo -

BAC inserts ‘SusPtrit’ library

SusPtrit pooled library

– 173,000 clones

– 108 Kbp per clone

– 4.1x genome coverage

Marcel et al. (2008), 10th IBGS Proceedings
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Tools to unravel the genes for basal resistance in barley
– Hyper-susceptible barley experimental lines to maladapted forms
of leaf rusts and powdery mildews, SusPtrit & SusBgt

– Several immortal barley mapping populations segregating for basal
resistance to several rusts and powdery mildews

– Integrated linkage map of barley with 6,990 molecular markers

– Motif Directed Profiling of peroxidase genes

– Two barley BAC libraries from genotypes Vada & SusPtrit

Conclusions

Take-home messages
– QTLs for host partial & non-host resistances significantly overlap

– Different PRX genes may explain a substantial part of the QTLs for
basal resistance to leaf rusts and powdery mildew

– PRXs, RLKs and MAP3K are prime candidates to explain Rphq2
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