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represents the maijcrity of plant disease resistance genes
cloned so-far, is the nucleotide-binding site-leucine rich
repeat (NBS-LRR) resistance genes. The NBS-LRR class
of genes is abundant in plant species. In Arabidopsis, it
has been estimated that at least 200 different NBS-LRR
genes exist making up to 1% of the genome (Ellis et al,,
2000; Sandhu and Gill, 2002).

The NBS-LRR genes contain three distinct domains: a
variable N-terminus, a nucleotide-binding site and leucine
rich repeats. Two types of N-termini are present in NBS-
LRR. One kind contains a leucine zipper or coiled-coil
seguence that is thought to facilitate pretein-protein
interactions. The coiled-coil motif has been found in the N
terminus of both dicotyledons and cereals (Pan et al,,
2000; Cannon et al, 2002). The second kind of N-
terminus has been described only in dicotyledons and is
similar to the cytoplasmic signaling domains on the
Drosophita Toll- or the mammalian interleukin receptor-
like {TIR) regions (Whitham et al., 1994, Cannon et al.,
2002). These NBS regions are found in many ATP and
GTP-binding proteins that act as molecular switches
{Jackson and Tavlor, 1998). These genes reguiate the
activity of proteases that can initiate apoptotic cell death.
Since defense mechanisms in plants include the
hypersensitive response, which is very similar to
apeptesis, the common occurrence of NBS domains in
both plants and animals could be an indication of similar
functioning {(Cannon et al., 2002).

NBS-LRR homologues encode proteins that are
structurally closely related. This suggests that they have
a common function in signal transduction pathways, even
though they confer resistance to a wide variety of
pathogen types. The conservation between different
NBS-LRR resistance genes enables the use of
polymerase chain reaction (PCR}-based strategies in
isolating and cloning cother R gene family members or
analogs using degenerate primers for these conserved
regions. Strategies using degenerate primers have been
successfully utilized in the cloning of other putative NBS-
LRR resistance gene analogs (RGA) from potato
{Sofanum tuberosum L){Leister et al, 1996), soybean
{Glycine max L. Merr.)(Yu et al., 1996) and citrus (Deng
et al., 2000).

The identificaticn and analysis of expressed sequence
tags (ESTs) provide an effective tool to study thousands
of genes expressed during plant development and their
response to varying environmental conditions {Gyorgyey
et al., 2000; White et al., 2000; Yamamoto and Sasaki,
1997} in complex genomes like wheat. The development
of EST databases further provides a rescurce for
transcript profiling experiments and studies of gene
expression (Mekhedov et al., 2000; Schenk et al., 2000).

The aim of this study was o survey the expressed
sequence tags obtained through PCR-based strategies
utilizing the conserved nucleotide binding site motifs in an
effort to increase the efficacy of isolating resistance gene
candidates, from the complex hexaploid wheat genome.

MATERIALS AND METHODS

Plant Material

The plant materials in the study were Aegilops tauschii, the near
isogenic lines "Tugela DN' (Tugela*5/SA1684, Dn1), Tugela Dn2
{Tugela*5/SA2198), Tugela Dnd (Tugela*5/SA463) and Tugeta
(RWA susceptible), as well as RWA tolerant lines Pt 137738
(SA1684, DnT), Pl 262660 (SA2188, Dn2) and Pl 204994 (SA463,
Dn5). The plants were grown In pots under greenhouse conditions
with prevailing day and night cycles at the Forestry and Agricultural
Biotechnology Institute (FABI), University of Pretoria. The
temperature was maintained at 24°C, and the plants were watered
daily. Half of the wheat seedlings were infested with RWA (10
aphids per plant) at the 3-4-leaf growth stage. The second and third
teaves from uninfested and infested plants were removed after one
week for analysis. The aphids were removed from the infested
leaves under running water to prevent aphid derived nucleic acid
contamination during the RNA isolation, The leaves were dried and
used immediately for total RNA isolation.

Treatment of glassware, plastic ware and solutions

All glassware, plastic ware and solutions used, up to the second
strand cDNA synthesis, were treated and then kept free of RNases.
The glassware was treated overnight in 0.1% (v/v) diethyl
pyrocarbonate (DEPC), autoglaved for 20 min at 121°C and baked
at 200°C for 3-4 hours (Sambrook et al., 1989). The mortars and
pestles were washed in 0.25M HCI for 30 min, prior to DEPC
treatment, autoclaving and baking. All plastic ware and solutions,
except those containing Tris  (2-Amino-2-(hydroxymethyl)-1,3-
propandiol}, were DEPC treated and autoclaved.

Total RNA Isolation and ¢cDNA synthesis

Total cellular RNA was exiracted using an acid guanidium
thiocyanate-phenol-chioroform  extraction method described by
Chomczynski and Sacchi {1987). The RNA samples were stored at
-80°C for further use. The RNA concentration was determined on a
Beckman DU®-64 spectrophotometer, by reading the absorbance at
280 nm. The 260/280 ratio was determined to indicate the level of
protein contamination {Sambrook et al., 1989). The integrity of the
RNA was confirmed by analyzing both the infested and uninfested
total RNA on a 2 % {(w/v) agarose gel {(Sambrock et al., 1988). The
molecular mass standard used was A DNA digested with FcoRl and
Hindil (Sambrook et al., 1989). Isolated RNA was electrophoresed
at 100 V for 30 min and visualized under UV light with ethidium
bromide (EtBr) staining.

mRNA Isolation

The mRNA was puwified from the total RNA using Cligo(dT)
Cellulose affinity chromatography (GibcoBRL, Life Technologies).
The synthesis of ¢cDNA was carried out using either the Roche
Molecular Biochemicals ¢DNA Synthesis Systern according to
manufacturers  specifications, or the RLM-RACE system
(GeneRacer Kit, Invitrogen). Both the uninfested and the infested
wheat mRNA were used as the substrate for the cDNA synthesis
reaction. The ds cDNA was purified by the QlAquick Spin
Purification Procedure (QIAGEN). The cDNA was eluted with water
and the concentration determined spectrophctometrically and
stored at -20°C.

When making use of the RLM-RACE system, the mRNA was
dephosphorylated with calf intestinal phosphatase to remove the &'
phosphates and decapped with tobacco acid pyrophosphatase












80 Afr. J. Biotechnol.

sequence comparisons made between these isolated
genes (Bent et al.,, 1894; Lagudah et al., 1997; Mevers et
al., 1998).

The use of PCR based approaches with degenerate
oligonucleotide primers designed from the NBS region of
cloned disease resistance genes has led to the cloning of
resistance gene-like sequences in several plant species
(Leister et al., 1998; Seah et al,, 1998; Garcia-Mas et al.,
2001). Co-segregation of some of these sequences with
known disease resistance gene loci has been reported.

In the present study we tested the feasibility of using
such a PCR-based approach. The degenerate
oligonucleotide primers designed from conserved motifs
in the NBS domain, was used to clone several disease
resistance gene homologues from wheat lines. Qut of the
207 ESTs obtained, 37 gave hits with significant
homology fo plant defense (E-values < 10'5} In the
present study, a clear bias for obtaining resistance gene
analogs were found, when compared to other similar but
randomized studies {Kruger et al., 2002; White et al.,
2000; Yamamoto and Sasaki, 2000). In a similar study,
where the expressed genes from Fusarfum graminearum
infected wheat spikes were analyzed, most of the
obtained nonredundant ESTs were of miscellaneous
nature, followed by sequences related to general
metabolism and of importance to cell structure (Kruger et
al., 2002).

The NBS and LRR domains are conserved amongst
several disease resistance genes and this has led to the
hypothesis of cloning additional resistance genes based
on the homology to these conserved sequences., The
praocedure can be complicated by an excess of genes
that contain the NBS region, but are not related to
resistance genes (Yu et al., 1896). This is also true for
this study, as only 8% of the RGAs could be linked to
specific resistant genes, and 50% could be assigned to
specific groupings, whereas the others contained only the
specific conserved motif. Also many homologous
resistance genes may be located throughout the genome
in a plant species. Thus, the sequence homology among
these genetically independent and functionally distinct
disease-resistance genes will present a difficulty in
isolating individual clones, which correspond to a specific
resistance gene by hybridization. However, it proved
useful in the present study, as these isolated clones will
be utilized in a gene expression study approach in a
future study. )
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