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Basal resistance

to Biotrophic Fungi

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

Working hypotheses

— Basal resistance determines the host status of barley to rusts
and powdery mildews

Niks & Marcel (2009), New Phytologist 182
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Basal resistance

to Biotrophic Fungi

- "Barley is a host to Puccinia hordei, but is a
non-host to leaf rusts of rye, wheat and grasses..."

P horder P triticina

host non-host

non-host

Niks & Marcel (2009), New Phytologist 182
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Basal resistance

to Biotrophic Fungi

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

Quantitative— host partial resistance

— latency period A

— infection frequency
- severity scale > QTL mapping
— number of pustules
— lesion length

Niks & Marcel (2009), New Phytologist 182
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Basal resistance

to Biotrophic Fungi

"What makes the plant less than extremely susceptible,
non-hypersensitive resistance”
Quantitative— host partial resistance

Qualitative — non-host resistance

Niks & Marcel (2009), New Phytologist 182
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Basal resistance

Development of hyper-susceptible experimental lines...
P. triticina

most barley accessions,
like Vada

some barley accessions,
like L94

SUSPTriT (barley)

Atienza et al. (2004), Planta 220
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Basal resistance

Development of hyper-susceptible experimental lines...

P. triticina P. recondita
P. hordei-bulbosi  P. holci

P. hordei-murini P, bromi

P. gram. lolii .. efc

P. persistens

Vada —  immune immune

SusPtrit e iImmune

iImmune iImmune

Atienza et a/. (2004), Planta 220




Basal resistance

Development of hyper-susceptible experimental lines...
B g/"am/nls f SPp. fritics

most barley accessions,
like Vada

susceptible wheat

SUS BgT (barley) .
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Basal resistance

to Biotrophic Fungi

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

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
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Mapping QTLs for basal resistance on the barley genome

Mapping QTLs for

basal resistance

Identification of 154 Q"f'Ls and 4 Major Genes

DOM x REC (OWBs)
STEPTOE x MOREX
NURE x TREMOIS

‘VADA x SUSPTRIT
C.CAPA x SUSPTRIT

‘VADA x SUSBGT 5.

‘VADA x SUSBGT,,

L94 x|VADA

Distribution of ;QTLs on the barley genome

— clustering of ,QTLs?

— overlap between host and non-host ;QTLs?

— overlap between ;QTLs across populations?

— overlap between ;QTLs to different pathogens species?

Molecular basis of the ;QTLs

— identification of positional candidate genes?
— which loci to select for map-based cloning?

MARGINAL  Blumeria graminis f.sp. tritici

STRIPE

MILDEWS |RUSTS

POWDERY




Barley integrated linkage map

"Barley, Integrated, Marcel 2009" (662)

L94/Vada A
Vada/SusPtrit

C. Capa/SusPtrit
Dom/Rec (OWBSs)

Steptoe/Morex

Nure/Tremois

Igri/Franka

Marcel et a/ (2007), TAG 114
Aghnoum et al.,, submitted
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Barley integrated linkage map

"Barley, Integrated, Marcel 2009" (662)

L94/Vada
Vada/SusPtrit

C. Capa/SusPtrit
Dom/Rec (OWBSs)

Steptoe/Morex

Nure/Tremois

Igri/Franka
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6990 molecular markers
- RFLP, AFLP, SSR, DArT, TDM...

3561 from Steptoe/Morex

- Wenzl et a/ 2006 (DArT)
- Stein et a/ 2007 (EST)
- Potokina et a/. 2008 (TDM)

2846 EST-based markers

- functional markers
- candidate genes
- synteny among cereals

217 BINs of about 5cM
- Kleinhofs et a/ 2001

Marcel et a/ (2007), TAG 114
Aghnoum et al.,, submitted
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Distribution of QTLs for basal resistance across the barley genome
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Distribution of QTLs for basal resistance across the barley genome
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Distribution of QTLs for basal resistance across the barley genome
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Peroxidase Profiling in barley

1H

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 (Ch7=6.3)

- partial resistance to barley powdery mildew (Ch/7=6.3)
* non-host resistance to other grass leaf rusts (C47=5.5)

BIN markers EST-based peroxidase markers Peroxidase profiling markers
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Distribution of QTLs for basal resistance across the barley genome
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PR - Puccinia horder

Substitution mapping of Rphq2

Rphg2 LOD profile
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11 L , i (I I 117 T | a £
T o 1 e 1 T E
5 203 2 23 g 523 5 g
: BERELC &S 22 BEEREEEE 8 SR E 4 rphg2 . Rphq2
) [l o [l [l =% (=P =% Lyé] ,3 ,-E
Lines i : \ v "
194 | . . .
Vada-rphgl | HR - E/"yslphe gr'am/nls
waros [ | _ __
AT - | - :; PR r !- .| .__: 2 r
100203 | . 3 1 :
30610 |
oo [ |
60302 |
150101 |
ooy 0 | |
030308

030902
040102
w50210
(30306
=l 1R0305

- 38 sub-NILs identified within 1,846 gametes
- Rphg?l fine-mapped at 0.11 cM
- M/La is about 2 cM distal from Rphg2
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Physical mapping at Rphq?2

Construction of two barley BAC libraries

Vada pooled library SusPtrit pooled library
- 161,000 clones - 173,000 clones
- 81 Kbp per clone - 108 Kbp per clone
- 2.9x genome coverage - 4.1x genome coverage
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- BAC inserts 'Vada' IiBEqr"y s, BAC inserts 'SusPtrit’ library

Marcel et al. (2008), 10t IBGS Proceedings
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Physical map construction
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Physical mapping at Rphq?2
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conclusions

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

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 Rphg2
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