









































Plant resistance genes can be divided into five defined classes (Table 1.2). Three of
the classes of R genes have leucine-rich repeats in common. This leads to the
assumption that a major part of the R genes in wheat and other plant species will show
homology to leucine-rich repeats. It seems as if disease resistance genes (R genes)
are a large group of related sequences in plant genomes and most belong to a gene

family that encodes nucleotide-binding proteins (Mevers er al., 1999; Pan et al,

2000).

Table 1.2 The different classes of R genes.

Class | Gene | Plant Working of R protein First Identified by
1 Hml | Maize Detoxifying enzyme Johal & Briggs, 1992
2 Pto Tomato Intracellular serine/ Martin et al., 1993

threonine protein kinase

3a RPS2 | Arabidopsis | NBS-LRR Bent et al., 1994

3b N Tobacco Toll-NBS-LRR Whitham et al.,1994
4 Cf-9 | Tomato Extracellular LRR protein | Jones et al.,1994

5 Xa-21 | X. oryzae Extracellular LRR protein | Song et al., 1995

Serine- Threonine kinases play an important role in signal transduction during gene-
for-gene plant disease resistance (Bent, 1996). A large number of protein kinases
have been biochemically confirmed and these sequences are available. The kinase
structures identified to date are 11 subdomains, 15 invariant amino acid residues and
conserved regions responsible for phosporylation of serine-threonine residues (Bent,

1996). A good example of the above is the tomato Pto gene (Martin et al., 1993).

4.5 Nucleotide binding sites- Leucine-Rich Repeats (NBS-LRRs)

The largest group of R genes have been identified as the nucleotide binding site-
leucine-rich repeats (NBS-LRRs) (Meyers et al., 2003). There is a hypothesis called
the “guard hypothesis” that states that NBS-LRR proteins act as guards of the plant
against pathogen effector proteins, where the pathogen products fulfil the role of
virulence factors, thus augmenting the plants’ vulnerability when no recognition

occurs (Dangl & Jones, 2001).
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2. Introduction

Expressed sequence tags (ESTs) are partial cDNA sequences and are an economical
way to gain information about expressed genes in a variety of organisms. ESTs have
proven to be a rapid and efficient method of characterising the subset of genes that are
expressed in tissue or life-stage specific manner in a wide variety of organisms
(Ajioka, 1998). The worldwide effort to sequence expressed genes and chromosomal
DNA in rice and Arabidopsis, that has been completed, paved the way for using this
valuable and informative technique in more complex plants such as wheat and barley

(Clarke et al., 1998).

Since it is very important to identify certain desirable phenotypes in wheat, ESTs are
a powerful tool. Identification of gene structure and possible function lays the
groundwork for identifying the roles of the respective genes. Any sequence
discovered can be compared to existing databases. These databases catalogue the
structure of genes expressed in certain tissue. International projects have all
contributed to these databases (Clarke et al., 1998). One of the most popular search
tools is called BLAST (Basic Local Alignment Search Tool) (Altschul et al., 1997).

A problem that occurs is the number of redundant sequences that appear in the
existing databases. This number may even be larger than first expected, since partial
sequencing sometimes occurs. This involves the sequencing of incomplete cDNA
clones which leads to segments of the same gene being classified into independent
groups, based on sequence similarity (Yamamoto & Sasaki, 2000). A solution for this
problem could be the use of normalised libraries, which brings the representation of
the most abundant and least abundant clones to within one order of magnitude of each

other within the library (Bonaldo ef al., 19906).

A study done on wheat that has been infected with Fusarium graminearum (Fusarium
head blight) utilised ESTs obtained from a cDNA library to identify genes expressed
during F. graminearum infection (Kruger et al, 2002). From over 4000 EST’s
generated, four sets of non-redundant sequences were identified. The first set
consisted of biotic and abiotic stress-related genes, the second set contained sequences

originating from F. graminearum, the third set was sequences with unknown function
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3. Materials and Methods

3.1 Plant material

The “Tugela DN” (SA1684 / Tugela*5) (Du Toit, 1989) wheat line, which is a line
resistant to RWA, was used for this study. Wheat was planted in a peat-sand (1:1)
mix i a greenhouse, with the temperature kept at an average of 24°C. The plants
were watered daily and allowed to grow until the second leaf stage. The wheat plants
were infested with Russian wheat aphids (Diuraphis noxia, Mordvilko; RWA).
Approximately five aphids were applied to each plant with a fine brush and were
allowed to feed for three to five days, where after second and third leaves from the
infested plants were harvested. All the aphids were removed by rinsing the leaves
with water and then wiping the leaves to ensure no aphids were left. This prevented
contamination of the sample with aphid nucleic acids. Excess water was removed and

the leaves were used immediately for RNA isolation.

3.2 Treatment of equipment and solutions

Care was taken that all glassware, plastic ware and solutions used during the RNA
and mRNA procedures were as RNase free as possible. All containers, mortars and
pestles were treated overnight in é 0.1% (v/v) diethyl pyrocarbonate (DEPC) solution,
covered in foil and outoclaved for 20 minutes at 121°C and finally baked for at least 4
hours at 200°C (Sambrook et al., 1989). All solutions were DEPC—treated, except
those that contained Tris (2-Amino-2-(hydroxymethyl)-1,3-propandiol), which were

only outoclaved.

3.3 Isolation of total RNA

A modified version of the Chomczynski and Sacchi (1987) RNA extraction method
was used as described by Gehrig er al. (2000). Collected wheat leaves were frozen in
liquid nitrogen and ground to a fine powder. Extraction buffer (4M guanidinium
isothiocyanate, 25 mM sodium citrate, 0.5% (w/v) N-lauriel-sarcosine, 2% (w/v)
PEG, 0.1M B-mercaptoethanol) was added to the ground leaves. About 1 ml buffer
was added to 100 mg sample. The sample was left at room temperature for 10

minutes and then centrifuged for 20 minutes at 10 000 rpm. The supernatant was
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transferred to a new tube and 50 ul of 2M NaOAc (pH 4) and 500 ul of
phenol:chloroform was added. The sample was left at room temperature for 10
minutes and then centrifuged for 10 minutes at 10 000 rpm, where after the
supernatant was transferred to a new tube. An equal volume of isopropanol was
added and the RNA was precipitated at -20°C for 1 hour. The sample was
centrifuged for 30 minutes at 13 000 rpm and the resulting pellet was washed with
500 ul of 75% EtOH and then centrifuged again for 10 minutes at 10 000 rpm. The
pellet was air-dried for 10 minutes and the dissolved in 20 ul of DEPC water. Al

centrifugation steps were done at 4°C.

The concentration of the RNA was determined spectrophotometrically at an
absorbance of 260 nm. The level of protein contamination was determined by the
260/280 ratio of the sample (Sambrook et al., 1989). All samples were analyzed on a
1% (w/v) agarose gel containing ethidium bromide. The samples were developed at
100V for 15 minutes and visualised under UV light. All samples were stored in a

freezer at =70°C.

3.4 mRNA purification and cDNA svnthesis

mRNA was purified using an Oligotex mRNA midi kit from Qiagen (USA),
following the manufacturers instructions. First and second strand ¢DNA was
synthesized by using the Roche Molecular Biochemicals (Germany) ¢cDNA Synthesis
System according to the protocol suppliéd with the kit.  An initial concentration of
2ug total RNA was used, since about 10% of this consists of mRNA (Sambrook et al.,
1989); mRNA from RWA infested ‘Tugela DN’ was used for the cDNA synthesis.
The cDNA concentration was determined spectrophotometrically at an absorbance of
260 nm and stored at —=20°C.

3.5 PCR amplification

Nucleotide binding-site (NBS) degenerate primers were used for the amplification of
fragments from the cDNA (Yu et al.,, 1996). The primers sequences were NB1-57-
GGA-ATG-GG(AGCT)-GG(AGCT)-GT(AGCT)-GG(AGCT)-AA(AG)-AC-3"  and
NB2-5"-(CT)CT-AGT-TGT-(AG)A(CT)-(AGT)AT-(AGT)A(CT)-(CTXCT)T-AG)
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for 1 minute) x 30 cycles and (72°C for 1.5 minutes, 25°C for 30 seconds) x 1 cycle.
After amplification, the PCR reactions were separated on a 1% (w/v) agarose gel
containing ethidium bromide at 100 V for 25 minutes. The resulting bands were
visualised under UV light, carefully cut from the gel with a clean, sharp blade and
purified with the Geneclean III kit, supplied by Bio101 (USA).

3.8 Sequencing

The amplitied PCR bands were sequenced using Sp6 and T7 primers for both forward
and reverse sequencing. The sequencing reaction consisted of 25 ng DNA, 10 pmol
Spb or T7 primer and 2 ul Big Dye Terminator Sequencing Reaction mix supplied by
Perkin-Elmer. The PCR program consisted of (96°C for 10 seconds, 50°C for 5
seconds, 60°C for 4 minute) x 25 cycles. The sequencing reaction was done on an

ABI-3100 Prism Automated sequencer.

3.9 Sequence data analysis

All results were analyzed using the Sequence Navigator programme version 1.0.1
(Applied Biosystems) on the Apple MacIntosh computer. The sequence identities
were obtained after subjecting the sequences to BLASTX
(www.ncbi.nlm.nih.gov/BLAST) for alignment to other published sequences in
GenBank (Altschul er al., 1997). Functions were assigned to the sequences based on
the results returned from searches using the BLASTX algorithm. Any ESTs that did
not produce 2 BLASTX hit were considered to have an unknown function. The e-
value indicated the likelihood of the query sequence being the same as the sequence it
showed homology to. The lower the e-value the more likely it is that the sequences
are the same. The lengths of the homologous sequences were also taken into account.
If less than 20% of the submitted sequence showed homology to any gene, it was
regarded as an unknown sequence (Kruger et al., 2002). Sequences that produced hits
to proteins with e-values greater than 10° were also considered to have unknown

functions (Kruger et al., 2002).

All sequences were divided into categories. The different categories were quite broad

and were based on the homology of the sequences. If, for example, the sequence were
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a. Qi|343676|gb|M16843.1|WHTCPATPB Wheat chloroplast ATP synthase gene
Expect = 0.0 (e-value)

Nucleotide-nucleotide search:

Query: 140 ttctticttgcaaagaaccceattictgtactaagagtaggtigataacccactgeggaag 199
CEELTEEEREE TR TR TR LR R R ER T
Sbjct: 1667 tictitctigcaaagaaccceattictgtactaagagtaggtigataacccactgegga-g 1609

J

Query: 500 tgagctttagcaatgttatigattaattccatgatcagtactgtttt 546

PO TR R LT T T i
Sbjct: 1308 tgagctttagcaatgttattgattaattccatgatcagtactgttit 1262

Nucleotide translated to protein search:

Query:
351GVGKTVLIMELINNIAKAHGGVSVFGGVGERTREGNDLYMEMKESGVINEKNIEESK372
GVGKTVLIMELINNIAKAHGGVYSVFGGVGERTREGNDLYMEMKESGVINEKNIEESK
175 GVGKTVLIMELINNIAKAHGGVSVFGGVGERTREGNDLYMEMKESGVINEKNIEESK234

Sbjct

Query: @

371 VYGOMNEPPGARMRVGLTALTMAEYFRDVNKQDVLLFIDNIFRFVQAGSEVSAL 192

VYGOMNEPPGARMRBVGLTALTMAEYFRDVNKQDVLLFIDNIFRFVQAGSEVSAL |
235 VYGOMNEPPGARMRBVGLTALTMAEYFRDVNKQDVLLFIDNIFRFVQAGSEVSAL 294
Sbjct

Figure 2.4. An example of part of a BLASTX result obtained after a sequence was submitted. The
query line represents the submitted sequence obtained from the experiment and the subject line shows
the sequence to which homology was found in GenBank. Only the first and last parts of the sequences
are shown. The e-value = 0 that indicates a 100% probability that the submitted sequence is part of the
GenBank gene, in this case a wheat chloroplast ATP syntase gene. a= GenBank accession number is

given in the first line. (-~ indicates gaps in the sequence homology.}
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5. Discussion

A large number of plant disease resistance genes (R genes) that have been identified
and sequenced belong to the NBS-LRR family (Young, 2000). Numerous studies
have shown that these genes are found in monocotyledons as well as in dicotyledeous
plants (Bent et al., 1994; Lagundah et al., 1997). PCR-based methods have been used
in the past to isolate NBS genes from plant genomes. This was done by using
degenerate primers designed from the NBS regions of known disease resistance genes
from different plant species (Leister et al., 1996; Garcia-Mas et al., 2001). By using

these primers possible resistance genes could be amplified from various plants.

A study was done on the complete Arabidopsis genome to isolate NBS and other
resistance genes (Meyers et al., 2003). From this study 149 NBS-LRR genes were
identified and 58 NBS genes without LRRs. These genes were divided into two main
groups, Toll-Interleukin-1 Receptor (TIR)-NBS-LRR (TNL) and N-terminal coiled-
coil (CC)-NBS-LRR (CNL). Four subgroups of CNL and eight subgroups of TNL
were defined. This study showed that an individual genotype contains a large number

of diverse recombination molecules related to plant resistance.

In our study we also tested the use of such a PCR-based method on a genome as
complex as that of wheat. Degenerate oligonucleotide primers designed from
conserved motifs in the NBS domain, were used for the amplification of these NBS-
LRR regions in the resistant wheat line ‘Tugela DN’. Wheat plants were infested
with RWASs to create a resistance response in the plants. All amplifications were done
on cDNA to ensure expressed genes were amplified. A cDNA library was
constructed from the obtained sequences, enabling the screening thereof. The
obtained sequences were grouped into categories according to their functions and
19% showed homology to resistance genes. In other more randomised studies done
on Arabidopsis (White et al., 2000) and rice (Yamamoto & Sasaki, 2000), this was
not the case. These studies showed the largest number of ESTs fall into the
miscellaneous class as well as the metabolism class. This can be explained by the fact
that these studies used random primers, compared to our study that used degenerative

specific primers.
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for 10 minutes and redissolved in 20 pl of DEPC-treated water. All centrifugation steps
were done at 4°C.

The concentration of the RNA was determined spectrophotometrically at an absorbance
of 260 nm. The level of protein contamination was determined by the 260/280 ratio of
the sample (Sambrook et al., 1989). All samples were analyzed on a 1% (w/v) agarose
gel containing ethidium bromide. The samples were run at 100 V for 15 minutes and

visualised under UV light. All samples were stored at —~70°C.

3.4. mRNA purification and ¢cDNA svnthesis

mRNA was isolated using an Oligotex mRNA midi kit obtained from Qiagen (USA) and
by following the manufacturers instructions. An initial concentration of 11 pg RNA was
used for the mRNA purification to ensure sufficient yield, since only 10% of the total
RNA is mRNA (Sambrook et al., 1989). First and second strand cDNA was synthesized
by using the Roche Molecular Biochemicals (Germany) cDNA Synthesis System as
described in the accompanying protocol. mRNA from all the wheat samples was used
for the ¢cDNA synthesis. The c¢cDNA concentration was determined spectropho-

tometrically at an absorbance of 260 nm and stored at -20°C.

3.5 DNA isolation

Fresh tissue was collected from the wheat plants in the greenhouse. Leaf tissue was
collected from ‘Tugela DN’, Triticum urartu and Aegilops speltoides, frozen in liquid
nitrogen and ground to a fine powder. A DNA isolation method, DEB (DNA Extraction
Buffer) was used (Raeder & Broda, 1985). Extraction buffer (200 mM Tris-HCI, 150
mM NaCl, 25 mM EDTA pH 8, 0.5% (w/v) SDS) was added together with an equal
volume of chloroform-isoamylalcohol (24:1), mixed and the sample was centrifuged at
10 000 rpm for 30 minutes at 4°C. The supernatant was transferred to a clean tube,
chloroform-isoamylalcohol (24:1) was added and the sample was centrifuged at 10 000
rpm for 30 minutes at 4°C. This step was repeated once more. One volume of
isopropanol was added, mixed and the DNA was allowed to precipitate at —20°C

overnight. The resulting DNA was pelleted at 10 000 rpm for 30 minutes, washed with
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After ligation, 1 ul of each ligation sample was taken, combined and transferred to a new
tube. This served as an unsubtracted control reaction during the primary and secondary
PCRs. The remaining tester samples were diluted to a concentration 150-fold less than
that of the driver. The tester (1.5 pl) and driver (1.5 pl) samples were mixed and
denatured at 98°C for 1.5 minutes. One ul hybridization buffer (50mM Hepes pH 8.3,
0.5M NacCl, 0.02 mM EDTA pH 8.0, 10% (w/v) PEG 8000) was added and the samples
were allowed to hybridize for 8 hours at 68°C in a PCR machine. After this first
hybridization, the two samples were mixed together and 1 ul fresh denatured driver
cDNA was added. The reaction was incubated at 68°C overnight. Hybridization kinetics
led to equalisation and enrichment of differentially expressed sequences, from which
templates for PCR amplification were generated. By using suppression PCR, only
differentially expressed sequences were amplified exponentially (Fig 3.1). The PCR
reactions (25 ul) contained 1 ul cDNA diluted 1:100 in dilution buffer (20 mM Hepes pH
8.3, 50 mM NaCl, 0.2 mM EDTA), 1x PCR buffer (10 mM Tris-HCI pH 9.0, 50 mM
KCI, 0.1% (v/v) Triton X-100), 10 mM dNTP mix, 10 uM Primer 1 (5’-GTA-ATA-
CGA-CTC-ACT-ATA-GGG-C-3’; Diachenko et al, 1996), Advantage cDNA
Polymerase mix (1x; included in Clontech kit). The PCR cycle consisted of (5 minutes at
72°C) x1, (30 seconds at 91°C, 30 seconds at 54°C, 2.30 minutes at 72°C) x 27 and (7
minutes at 68°C, 4°C hold) x1. Background was further reduced with nested PCR. The
PCR reactions (25 ul) contained 1 pl of a 1:10 dilution of primary PCR product, 1x PCR
buffer (10 mM Tris-HCI pH 9.0, 50 mM KClI, 0.1% (v/v) Triton X-100), 10 mM dNTP
mix, 10 uM primer PN1 (5’-TCG-AGC-GGC-CGC-CCG-GGC-AGG-T-3"; Diachenko
et al., 1996), 10 uM primer PN2 (5-AGG-GCG-TGG-TGC-GGA-GGG-CGG-T-37;
Diachenko et al., 1996), Advantage cDNA Polymerase mix (1x; included in kit) and
Sabax water. The PCR conditions were (30 seconds at 94°C, 30 seconds at 64°C, 2.30
minutes at 72°C) x 30 cycles and (7 minutes at 72°C, 4°C hold) x1 cycle. All PCR
reactions were done on a Perkin-Elmer GeneAmp PCR System 9700 DNA thermal cycler
(Applied Biosystems, USA). After amplification, the PCR reactions were separated on a
1% (w/v) agarose gel containing ethidium bromide at 100 V for 25 minutes. The

resulting bands were visualised under UV light, carefully cut from the gel with a clean,
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3.9 Sequencing

The PCR amplified bands were sequenced with the Sp6 and T7 primers in both
directions. The sequencing reaction was 10 pl total volume and contained 25 ng DNA,
10 pmol Sp6 or T7 primer and 2 pl Big Dye Terminator Sequencing Reaction mix
supplied by Perkin-Elmer (UK). The PCR cycle conditions were (96°C for 10 seconds,
50°C for 5 seconds, 60°C for 4 minute) x 25. Sequencing was done on an ABI-3100

Prism Automated sequencer.

3.19 Sequencing analvsis and functional anotation

All results were analyzed using the Sequence Navigator programme version 1.0.1
{Applied Biosystems) on the Apple Maclntosh computer. The sequences were submitted

to GenBank using the BLASTX algorithm (www.ncbi.nlm.nih.gov/BLAST; Altschul et

al., 1997) and sequence identities were obtained after alignment to published sequences.
Functions were assigned to the sequences based on the results returned from searches
using the BLASTX algorithm. Any sequence that did not produce a BLASTX hit was
considered to have an unknown function. The e-value indicated the likelihood of the
query sequence being the same as the sequence it showed homology to. The lower the e-
value, the more likely it is that the sequences are the same. The lengths of the
homologous sequences were also taken into account. If less than 20% of the submitted
sequence showed homology to any gene, it was regarded as an unknown sequence.
Sequences that produced hits to proteins with e-values greater that 107 were also

considered to have unknown functions (Kruger et al., 2002).

3.11 Hybridization blots

Both DNA and RNA dot blots were done to determine if the isolated sequences were part
of the wheat genome and in which tissue were they expressed (Sambrook et al., 1989).
The DNA used was extracted from leaves of “Tugela DN’ (AABBDD genome), Triticum
urartu (AA genome) and Aegilops speltoides (BB genome). The RNA used was obtained
separately from RWA infested “Tugela’ (susceptible line) using leaf tissue and RWA

infested and uninfested “Tugela DN’ (resistant line) using leaf, as well as stem tissue. The
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sample concentrations were determined spectrophotometrically at an absorbance of 260
nm. All samples were diluted to a concentration of 200 ng/ul, were denatured for 5
minutes in a boiling water bath and 1 pl of each was volume infiltrated onto separate
nylon membranes. The membranes were air-dried and the samples were UV cross-linked
to the membranes at 0.15 nm/cm’. The membranes were not stored, but pre-hybridization
was started immediately. Pre-hybridization was done at 60°C for four hours using a
hybridization buffer containing 5x SSC (20 x SSC contains 0.3 M sodium citrate, 3M
NaCl), 1:20 dilution of liquid block (supplied with Gene Images Random Prime labelling
kit, Amersham, UK), 0.1% (w/v) SDS and 5% (w/v) Dextran sulfphate.

3.12 Probe labelling and detection

The Gene Images Random Prime labelling kit from Amersham (USA) was used to label
the probes for the dot blots following manufacturers’ instructions. Five of the sequences
obtained from the SSH experiments as well as a control probe were used. The first two
probes (ABO 00010 & ABO 00011) came from the cDNA subtraction of RWA infested
‘Tugela’ and infested ‘Tugela DN’ and the last three (ABO 00013, ABO 00027 & ABO
00014) from the second subtraction using cDNA from infested ‘Tugela DN’ and
uninfested ‘Tugela DN’. As for the control the ubiquitin gene was used. A final
concentration of 50 ng of probe was labelled as advised by the manufacturer. The
random primed labelling reaction was done by denaturing 20 ul of each DNA sample for
5 minutes in a boiling water bath and then adding 2x dNTPs, 5 ul random primer
(supplied with the Gene Images Random Prime labelling kit from Amersham (USA)), 5
U Klenow enzyme and water to a final reaction volume of 50 ul. After the probes were
labelled, 20 ul of each probe was transferred to new tubes and denatured in a boiling
water bath for 5 minutes. The probes were then added to the membranes directly into the
pre-hybridization buffer, avoiding direct application onto the membrane, and allowed to

hybridize overnight at 60°C with gentle agitation.

After hybridization the membranes were subjected to stringency washes. All washes were

done while gently shaking the membranes. The first wash was done with 1x SSC and
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0.1% (w/iv) SDS at 60°C for 15 minutes. The second wash was done at the same
temperature and for the same duration as the first, but 0.5x SSC and 0.1% (w/v) SDS was
used. The detection of the probes was done with the Gene Images CDP-Star detection
kit from Amersham (USA), following the kit protocol. The membranes were blocked
with blocking solution (1:10 liquid blocking agent in buffer A (100 mM Tris-HCI, 300
mM NaCl ph 9.5)) for 4 hours. Detection was done by adding anti-fluorescein-AP
conjugate (1:5000 in fresh 0.5% (w/v) bovine serum albumin; (BSA)) to the membranes
for 1 hour with gentle agitation. The membranes were then washed 3 times in 0.3% (v/v)
Tween 20 in buffer A and placed on cling wrap. One ml detection agent was pippeted
onto each blot for 5 minutes and then the blots were exposed to X-ray HyperFilm for
fluorescence (Amersham Life Sciences, UK) for 1 hour. The X-ray film was developed
in a dark room by washing it for 5 minutes in developing solution, 1 minute in a 3% (v/v)

acetic acid solution and 5 minutes in fixing solution (Sambrook et al., 1989).

3.13 Real-Time PCR

Primers for the reactions were designed from the sequences obtained in the SSH
subtractions. The sequences were submitted to the Primer3 web site

(www.genome.wi.mit.edu/cgi-bin/primer/primer3.cgi) and resulting primers that gave a

product of no less than 150 bp were selected and synthesized by Ingaba Biotech (South
Africa) (Table 3.1).

All primers were tested and reactions optimised on a conventional Perkin-Elmer
GeneAmp PCR System 9700 DNA thermal cycler (Applied Biosystems, USA). Each
PCR reaction (10 ul) contained 50 ng ¢cDNA, Ix PCR buffer (10 mM Tris-HCI pH 9.0,
50 mM KCI, 0.1% (v/v) Triton X-100), 10 uM dNTPs, 1 mM MgCl;, 10 pmol of each
primer, 0.5 U Taq polymerase and Sabax water. The PCR cycle consisted of (94°C for 3
minutes) x 1 cycles; (94°C for 30 seconds, 50°C for 30 seconds, 72°C for 1 minute) x 30
cycles and (72°C for 1.5 minutes, 25°C for 30 seconds) x 1 cycle. Real-Time PCR was

done on
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quantification results generated a standard curve (Fig. 3.2), an error value and an
regression coefficient (r). The error value indicated the tube to tube variations e.g.
pipetting errors.  Only runs with error values smaller than 0.2 were considered
significant. The r-value gives an indication of systematic errors for example accumulated
error in the dilution series. All runs had to have an r-value of —1 or the run was repeated.
The standard curve depended on the amplification efficiency of the standard samples. To

ensure an accurate quantification, the standard curve should form a straight line (Fig.
3.2).

O = Standard sample values

Crossing poing (Cycles)

Log (Copy number)

Figure 3.2. An example of a successful Real-Time PCR standard curve.

4. Results

RNA was extracted from the relevant wheat, mRNA was purified and ¢cDNA was

synthesized. Adaptors were ligated to the tester cDNA of both hybridizations and the
ligations tests were done (Fig. 3.3).
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hybridizing to all homologous sequences between the two populations. This brings about

that the novel sequences will be more likely to amplify during PCR.

Two approaches were taken in this study. The first (SSHa) used ¢cDNA obtained from
RWA infested leaf tissue from the resistant wheat line ‘Tugela DN’ as tester and
compared it with cDNA synthesized from RWA infested leaf tissue from the susceptible
wheat line “Tugela’ as driver. Thus, two near isogenic wheat lines were compared; the
distinction being one wheat line is resistant to RWA infestation and the other not. The
second approach (SSHb) compared tester cDNA from RWA infested leaf tissue from
“Tugela DN’ to ¢cDNA derived from uninfested leaf tissue from “Tugela DN’. This
approach compared cDNA from the same resistant wheat line, but the tester populations
was subjected to RWA infestation and the driver population not. These subtractions were

done independently of one another.

After the suppression subtractions were done, seven DNA regions were isolated after
PCR amplification and sequenced. Randomly selected sequences were submitted to
GenBank for identification. No homology was found with any of the submitted
sequences on either nucleotide or amino acid level. Many SSH studies show novel genes
being isolated. In a study done on breast cancer cell lines, 10 clones were identified, of
which two were novel sequences (Yang et al, 1999). Another study on breast cancer
showed 18 clones from 29 that were novel sequences (Kuang et al., 1998). When two E.
coli lines were compared, 22 fragments were 1solated of which seven did not show

homology to any known genes (Janke er al., 2001)

Southern hybridizations showed that the sequences identified during SSHa and SSHb
were indeed part of the wheat genome and not a contamination (Wang & Feuerstein,
2000; Janke et al., 2001). Probes ABO 00010 and ABO 00011 obtained from SSHa
showed higher hybridization to the AA genome (Triticum urartu; Feldman, 1976) and
probes ABO 00013 and ABO 00027 obtained from SSHb had higher cross hybridization
to the AABBDD genome (‘Tugela DN’). Probe ABO 00014 resultant from SSHb
hybridized in higher levels to the BB genome (Aegilops speltoides; Feldman, 1976). The
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the Northern blots. Thus, doing Real-Time PCR as well is a good way of determining
up- or down-regulation, rather than just relying on Northem blots, due to low transcript

levels preventing detection in a dot blot system

The objective of this study was to isolate novel sequences from the RWA resistant wheat
line “Tugela DN’ that are involved in the response to RWA infestation. By utilising SSH
novel sequences could be isolated and identified, of which three showed up-regulation on
day 2 and day 5 after RWA infestation. This study showed that SSH is a useful method
to isolate novel DNA sequences. However, future experiments have to prove if these
sequences are unique to the tester DNA. This can only be determined by hybridizing
these sequences back to the tester and driver. Real-Time PCR evidence indicates up-and
down-regulation of some of these sequences, but this cannot be taken as conclusive
evidence. Although mRNA isolation has been applied to isolate gene sequences, future
studies have to show if these novel sequences indeed represent gene sequences. To
determine that, RACE (rapid amplification of 5" and 3 ¢cDNA ends) should be used to
identify full-length ¢cDNA sequences. The obtained sequences were all submitted to

GenBank, forming a database of sequences involved in response to RWA infestation.
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APPLYING MICROARRAY

TrecaNoLoGgY To DETECT

EXPRESSED SEQUENCES IN

WHEAT AFTER RUSSIAN

WHEAT APHID INFESTATION.










to MS development. Another study was done on plant defense responses in
Arabidopsis (Schenk et al., 2000). Over 2 000 genes were examined to determine
their expression patterns after inoculation with the fungal pathogen Alternaria
brassicicola. Of these genes, 705 showed up- or down-regulation, some with a
known defense-related function and others with an unknown function. A plant study,
using Arabidopsis, was done to determine the influence of vitamin C deficiency on
plants (Pastori et al., 2003). They discovered 171 genes that were differentially
expressed in plants deficient in vitamin C when compared to the wild type. These
genes included defense genes. They concluded that vitamin C plays a role in plant
defense, survival and growth. As can be seen from these examples, microarrays can

be used to study various subjects successfully.

In this chapter a comparative analysis was done, using infested material containing
the RWA resistance gene Dnl and utilizing degenerate primer sets designed from the
consensus NBS motif from other genome studies (e.g. Arabidopsis and rice). From
the previous study (Chapter 2), numerous ESTs / clones were isolated with no
discernable function when compared to existing published data in GenBank. Wheat
homologs to NBS-LRR putative resistance genes were also isolated. There were two
objectives in this part of the work, namely to determine the up- and down-regulation
of unknown ESTs / clones during RWA infestation, and secondly to established the
strength of using a microarray approach for such a study. To follow the expression
profiles of these gene sequences, the microarray was hybridized against cDNA
synthesized from leaves of the RWA resistant cultivar “Tugela DN’ pre- (day 0) and
post-infestation (days 2, 5 and 8), in an effort to identify possible gene sequences

involved in the RWA defense response.
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3. Material and Methods

3.1 Experimental outline

An outline of the major steps for the microarray preparation is given (Fig. 4.1).

Grow plants and infest with RWA

v

RNA isolation, mRNA purification & ¢cDNA synthesis
Labeling of probes with Cy-3 & Cy-§

v

Spot slides: Specific pattern; all ESTs / clones spotted 8 times each

v

Hybridization of probes to slides

Cy3- Cy5-
> a

Cys Cy3- Day 0 2 5 “8

Reciprocal design

v

2 x biological repeats were done

v

Scanning spots: Axon GenePix 4000A microarray scanner
GenePix acquisition software

v

Data analysis: Microsoft Excel
ANOVA
SAS/STAT software

v

Organization and visualization: Cluster
Tree View

Figure 4.1 Experimental outline of microarray experiment.









ethidium bromide staining. Microarray slides were printed by using a BioRobotics
Generation II Arrayer, according to the manufacturer’s instructions. Arrays were
printed on aminosaline slides and each target DNA was spotted 8 times (Fig. 4.2).

Thirty-six slides were made, all identical in pattern and spots. Negative controls on
the array included blank spots, Lucidea Universal Scorecard (ratios 1:1, 1:3, 1:10, 3:1,

10:1), constitutively expressed and stress responsive genes (i.e. actin).

3.5 Fluorescent probe preparation

cDNA labelled with Cy3- and Cy5 was used as probes. Total RNA was isolated from
wheat leaves on days 0, 2, 5 and 8 post-infestation by the RWA as previously
described, and pooled. Poly-A™ RNA was purified from total RNA using the Oligotex
mRNA spin-column protocol (Oligotex ™ Handbook 07/99, Qiagen). Purified mRNA
{100 ng) was used for the preparation of Cy3- and Cy5-labelled cDNA for microarray
hybridization using the Cyscribe Post-labelling kit according to the manufacturers
instructions (Amersham Biosciences, UK). Unincorporated label and single stranded
nucleotides were removed from the prepared labelled ¢cDNA using the MinElute
cleanup kit according to the manufacturers protocol (MinElute™ Handbook 04/2001,

Qiagen).

3.6 Hvbridization of probe fo slide

One microarray slide was pre-hybridized per probe pair by adding 35 pl pre-
hybridization solution (3.5 x S8C, 0.2% (w/v) SDS, 1% (w/v) BSA) for 20 min at
60°C using a humidified hybridization-cassette. Slides were washed in ddH,0 for |
min and air-dried using nitrogen gas. For hybridization, 30 pmol of each probe per
slide was dried in a 0.5 ml tube, resuspended in 35 pl hybridization solution (50%
formamide, 25% hybridization buffer; 25% mQ) and denatured (98°C for 2 min). The
slides were hybridized overnight for 12-18 h at 42°C. Slides were washed three times
at 42°C for 4 min {once in 1x SSC/0.2% (wiv) SDS, twice in 0.1 x SSC /0.2% (w/v)
SDS). This was followed by three washes at room temperature for 1 min each in 0.1
x SSC and dried with nitrogen gas. One slide was used per probe pair, with each EST
spotted eight times. This enabled the direct comparisons of identical spots to

determine the success of the particular hybridization. A 2x2 factorial design was used
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Random Prime Labeling module, Amersham, USA) for 3.5 hours. 15 pl of each probe
was heat-denatured for 5 min and added to the respective pre-hybridized membranes.
Hybridization was done overnight at 65°C in a HB-1D Hybridizer (TECHNE,
Cambridge, UK). Two stringency washes followed hybridization. The membranes
were washed once in 1 x SSC (15 mM NaOAc and 0.15 M NaCl) and 0.1% (w/v)
SDS, followed by 0.1 x SSC (1.5 mM NaOAc and 15 mM NaCl) and 0.1% (w/v)
SDS. The blots were then incubated in buffer A (100 mM Tris-HCI and 300 mM
NaCl) containing a 10x dilution of Liquid Block (Amersham Pharmacia
Biotechnology, USA) for 1 hour at room temperature. The blots were then incubated
in buffer A containing 0.5% (w/v) BSA and a 1:5000 dilution of anti-fluorescein-AP
conjugate for 1 hour. This was followed by three wash steps of 10 min each in buffer
A and 0.1% (v/v) Tween-20. CDP-Star (500 ul) detection reagent was added to the
blots for 5 min, before exposure to HyperFlim (Amersham Pharmacia Biotechnology,

USA) for 30 min, and developed (Sambrook ez al., 1989).

Quantitative PCR was performed using 70 ng first strand cDNA from selected total
RNA as required, 10 pmol forward and reverse primers, 3 mM MgCl, and the
LightCycler-FastStart DNA Master SYBR Green I Mix (FastStart Tag DNA
polymerase, reaction buffer, ANTPs, SYBR Green I Dye and 10 mM MgCl,) in a 20
pl reaction, as advised by the manufacturers (LightCycler—FastStart DNA Master
SYBR Green Manual, Roche Applied Science, Germany). The cycling parameters
consisted of (95°C for 10 min) x1 cycles; (95°C for 10s, primer specific annealing Ty,
for 5s, 72°C for 10s) x40 cycles, followed by the melting curve analysis (95°C for Os,
65°C for 15s, 95°C for 0s) x1 cycle, and cooling (40°C for 30s) x1 cycle. A
minimum of seven reactions was done for each fragment analyzed, which included a
sample with uninfested wheat cDNA to set a standard value from which to determine
the up- or down-regulation. Standard curves were generated using dilution series
(1:1, 1:10, 1:100, 1:1000) and repeated. Results obtained were analyzed using
LightCycler Software version 3.5.
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Hierarchical clustering (Eisen er al., 1998) was performed in order to group the ESTs
/ clones with similar expression profiles in clusters (Figure 4.5). The hierarchical
cluster revealed two groups consisting of a group of genes with little or no regulation,
and a group of genes that are significantly up/down regulated. This last group
contained two major clusters which represents the genes that are initially either
significantly up- regulated and then down-regulated, or vice versa. The expression
profiles of the ESTs / clones fall into clusters that could be categorized as (1) up-
regulated through the time- trial; (2) initially up-regulated (day 0 and 2) and then
down-regulated (day 5 and/or 8); (3) initially down-regulated (day 0 and 2) and then
up-regulated (day 5 and/or 8); (4) down-regulated through the time trial; and (5) up-
regulated (day O and 2), down- regulated (day 5) and then up-regulated (day &). So
far, similar data are not available concerning the up- or down-regulation of RGAs and

NBS-LRRs due to stress in wheat.

4.3 RNA blot analvsis and transcript guantification by Real-Time PCR

To confirm the microarray quantification, we selected five ESTs / clones that showed
the most up-or down-regulation as probes for RNA gel-blot analysis. Microarray
analysis indicated that one EST was unchanged, two were up-regulated, then down-
regulated, and again up-regulated, and two ESTs / clones were up-regulated in
response to RWA feeding. Included were two BARE-1 long terminal repeats (clone
#317 and clone #182), a Tyl-copia-like retrotransposon (clone #215), and two
unknown ESTs / clones. Figure 4.6 confirms that the data obtained with the
microarray, the blots and Real-Time PCR were in good agreement, with a slight
variation between the methods. For example, with both BARE-1 long terminal repeat
ESTs / clones probes, the cross hybridization on the RNA blot indicated up-regulation
also on day 2. These differences may be due to the fact that Real-Time PCR
constitutes direct quantification whereas microarray and Northern blots rely on probe
binding that can be influenced by numerous factors, such as unspecific binding. The
Northern blot analysis is also a visual quantification whereas Real-Time PCR relies

on calculated fluorescence emmitance that is much more sensitive.
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defense related and 16% had no significant homology to any published sequence in
GenBank (E-value < 10°; Kruger et al., 2002) (Chapter 2).

5.2 Microarrav hvbridization experiments and expression analysis.

Statistical analysis using the ANOVA method as suggested by Dudoit et al. (2001),
indicated that 27% of the ESTs / clones were down-regulated, and 28% up-regulated,
which is statistically too high, and thus allowed for false positives. After the
fluorescence data was subjected to the statistically rigorous Mixed Model approach
(Wolfinger er al., 2001), only 5% of the transcripts were significantly regulated.
These included the ESTs / clones previously identified as significantly regulated
(Figure 4.1, Table 4.1, data points indicated in red and green). The latter model
centers around two interconnected ANOVA models, namely the normalization model
and the gene model. The analysis corrects amongst others, for spot position, pen
position, fluorescence bias, and differences due to experiment design and biological
repeats. It was found to be very rigorous, but it also excludes all false positives. The
flax homolog to APC/C ubiquitin-protein ligase with known function in cell cycle
regulation proved to be regulated if statistically analyzed via ANOVA, but not if
analyzed via the Mixed Model approach. This was also true for the clones with
significant homology to the Linum usitatissimum 1.1S-1 insertion sequences, even
though it was previously shown to be induced in genotrophs by the environment
(AF104351). Transcripts that were significantly regulated using both statistical
approaches include wheat homologs to chloroplast-ATP synthase, Beta nana Ty-1-
copia-like retrotransposon, an Oryza sativa T-DNA intergration factor, Hordeum
vulgare BARE-1 long terminal repeat, a gene for ribosomal RNA, RGA-2 (T.
monococcum putative resistance protein), unknown chloroplast sequence and a

chloroplast gene for chloroplast product (Table 4.1).

The obtained clones were subjected to franscript quantitation using RNA blot and
Real-time PCR analysis. The selected ESTs / clones changed significantly upon RWA
infestation, and include all types of regulation, e.g. mainly down-regulated, mainly
up-regulated, only down-regulated, only up-regulated, as well as a combination of

down-/up-regulation in response to RWA feeding.
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Chapter S:

Summary and Perspective

The most challenging aspect of the research done for this PhD was surely the chosen
organism, namely wheat. As discussed in the literature review, it is noted that wheat
has a very big and complex genome. Thus, to isolate and analyze specific genes,
especially those not expressed continuously remains a big challenge. Since wheat is
such an important crop in South Africa and all over the world, the study of wheat
resistance responses is very important. The amount of evidence pointing to the role of
NBS-LRRs in plant resistance is overwhelming as can be seen from the literature

review.

The main question behind this PhD was if NBS-LRRs are involved in the resistance
response of wheat due to RWA infestation. To answer this, it was considered
significant to isolate ESTs from the resistant wheat line ‘“Tugela DN’ after RWA
infestation and to ascertain their characteristics as well as their involvement in the
resistance response. These ESTs might indicate the involvement or not of NBS-

LRRs.

The first technical aspect accomplished in this project was the construction of a
cDNA library from the resistant wheat line “Tugela DN’ containing NBS-LRRs. This
was done using degenerate NBS primers. This was a very useful technique, being
very easy to use and highly repeatable. The results obtained allowed the identification
and characterization of numerous ESTs, allocating to each their function and
distribution in the genome. Many NBS-LRRs were identified, however, this approach
alone did not lend itself to positive identification of these domains in the RWA
resistance response. Identification of these domains could not rule out their
involvement in other resistance responses in wheat or even other protein-protein

interactions.

A new discovery was the use of SSH to identify novel sequences in the RWA

resistance response. To our knowledge, SSH has not previously been employed on
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wheat to identify any resistance genes. This technique also allowed the compilation
of a database containing sequences involved in RWA resistance response. SSH was,
generally, a relatively quick method and resulted in the isolation of numerous
unknown sequences, of which seven were studied. Three proved to be up-regulated
only in the resistant wheat line during RWA infestation and thus, putatively involved
in the plant resistance response. This study is one of the first to generate
characterization data regarding RWA response sequences. However, none of these
sequences showed any homology to NBS-LRRs or any other published sequences. It
can also not be conclusively said that these sequences are genes. Future studies
should include the attainment of the complete sequences, to determine if they are
genes. In this case, the isolation of novel sequences supposedly involved in the
plants’ response to RWA infestation was successful. The technique does remain a
useful way to screen big or complex genomes for novel sequences, however the
abundance of these sequences in the genome have to be determined. The
normalization step in SSH makes it a worthwhile approach because this leads to the
enrichment of differentially expressed genes and high complexity of the subtracted
cDNA pool. Future studies could include the use of cDNA-RDA. It would be
interesting to compare the results obtained from SSH and that of cDNA-RDA.

The third and most conclusive new result came from the use of micrarray technology
to determine the regulation of ESTs during RWA infestation. The first known wheat
microarray cDNA chip was made which is in itself a big accomplishment, due to the
fact that it can be used in future or other, different studies. The most conclusive
results in this part of the study came from the up-regulation of chloroplast ATP-
synthase and RGA-2 (NBS-LRR homologue) genes. We know that chloroplast ATP-
synthase 1s encoded in the cell nucleus and is involved in plant metabolism, supplying
the cells with energy in the form of ATP. Previous research has also shown that
NBS-LRRs have the ability to bind ATP and GTP, thus potentially being an energy
carrier. This evidence suggests that both RGA-2 (an NBS-LRR homologue) and the
chloroplast ATP-synthase genes are involved in the RWA resistance response. This is
done by their involvement in cell maintenance, increasing the plants’ tolerance to
stress by keeping the photosynthetic machinery intact, and not by direct defence. A
future study could involve the transformation of a susceptible wheat line with these

two genes, causing over-expression. Would the plant be rendered resistant to RWA
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