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Figure 1. Differential macroarray screening of cDNA clones
from SSH forward library

Introduction

Brown rust caused by Puccinia triticina Erics. is one the most devastating 
foliar diseases of wheat (Triticum eastivum L.). Close to sixty leaf rust 
resistance genes (Lr) conferring various level of resistance against brown rust 
in seedlings and/or adult plants have been identified. Significant part of them 
was inbred into the cultivars. Despite the high number of known Lr genes, 
their economical importance, isolation and characterization of  Lr1, Lr10, Lr21
and Lr34 our understanding of the mechanisms and processes involved in 
leaf rust resistance is still very limited. 

The goal of the project is to identify wheat transcripts involved in signaling 
and resistance against brown rust. We focused on Lr9 gene because it 
provides effective and durable resistance against this pathogen.

SSH library construction

RNA was extracted from susceptible cv. Thatcher and isogenic TcLr9 line
12, 20, 26, 32 and 44 hours after inoculation with P. triticina urediniospores.

cDNA synthesis and construction of suppression subtractive hybridization 
SSH cDNA library (BD PCR-Select cDNA Subtraction Kit; Clontech) was 
performed in forward and reverse orientation in order to identify wheat genes 
induced and repressed by the pathogen in the resistant line. 

The final products of two subtractive hybridizations and nested PCR were 
cloned in pGEM-T vector, transformed to E. coli JM109 and selected as the 
SSH forward (357 clones) and SSH reverse (436 clones) library. 

Subtractive cDNA clones

The macroarray (the membranes loaded with cDNA-inserts) were 
differentially hybridized with DIG-labeled forward and reverse cDNA. 
Hybridizations of the forward library revealed that over 115 clones were 
pathogen induced or activated (Figure 1). 

Homology to known genes

The 115 clones from SSH forward library were sequenced. Their nucleotide 
sequences were used for a search in ExPASy Proteomics Server. The 77 
clones were assigned to proteins from Swiss-Prot or EMBL GenBank. The
analysis indicated that the significant part of the clones (nucleotide as well 
as amino acid sequences) revealed high homology to transcripts / proteins 
of known or putative function in plant response during the pathogen
infection (Table 1). 

Expression profiles

Expression of selected SSH clones in inoculated
leaves was shown as densitometric reading of gel
separated RT-PCR products. Expression in Thatcher 
leaves before inoculation was used as a reference.

Analysis of selected SSH clones in inoculated leaves
of susceptible cv. Thatcher and resistant TcLr9
indicated significant induction / changes in expression
of selected SSH clones during compatible and
incomaptible wheat-brown rust interaction (Figure 2).
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Table 1. Protein annotation and the similarity
with known genes / proteins of selected cDNA
clones from wheat SSH forward library

Figure 2. Expression profiles of selected SSH 
clones in leaves of susceptible cv. Thatcher and
resistant TcLr9 line after inocualtion with P. triticina
urediospores.

Functional analysis

For wheat functional analysis we are currently adopting the BSMV-based
VIGS system. The BSMV vectors were obtained from Dr. Merete
Albrechtsen, Univeristy of Aarhus, Denmark (M. Bruun-Rasmussen et al., 
2007) (Figure 3).

Silencing of phytoene desaturase (PDS) resulted in photobleaching of
leaves what confirmed that the system can be used for functional
analysis of selected genes in TcLr9 line (Figure 4).

Figure 4. TcLr9 leaves 10 days post inoculation with
unmodified BSMV vector (B), BSMV containing 275bp 
PDS fragment (C). Noninoculated control leaf (A). 

The 275bp fragment of barley PDS, cloned into the
MCS of γBSMV induced silencing of PDS in TcLr9
leaves.
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Figure 3. Components of the BSMV VIGS system (M. Bruun-
Rasmussen et al., 2007).
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F_III_130 Putative aspartate aminotransferase (Oryza sativa)
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Clone F_III_155 GTP-binding protein (Triticum aestivum)
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Clone F_III_14 Putative calmodulin-binding protein (Oryza sativa)
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Clone F_II_10 Putative callose synthase (H. vulgare)
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Clone F_II_126  TaWin1 protein (T. aestivum), 14-3-3E protein (H. vulgare)
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Clone F_I_32 Vacuolar H+-pyrophosphatase (Triticum aestivum)
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Clone F_III_13 Folylpolyglutamate synthetase (Triticum aestivum)
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Clone F_I_31 Putative calcium-transporting ATPase 8, 
plasma membrane-type (O. sativa); P-type ATPase (H. vulgare)
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