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PCR cloning by genome walking
of a complete polygalacturonase-
inhibiting protein gene from

Eucalyptus grandis

R. Bhoora'‘, D.K. Berger'‘, M.J. Wingfield and

B.D. Wingfield'

proteins (PGIPs), associated with the cell

walls of many plant species, form part of
the active defence of plants against phyto-
pathogenic fungi. PGIPs are leucine-rich re-
peat proteins that are evolutionarily related
to several plant resistance (R) genes, which
participate in gene-for-gene interactions.
The objective of this study was to clone and
characterize the complete Eucalyptus pgip
gene. Based on alignments between the pear
peip and partial Eucalyptus pgip isolated in a
previous study,® gene-specific primers were
designed and used to amplify a pgip fragment
of 1020 base pairs from Eucalyptus grandis
genomic DNA. Cloning and sequence
analysis of the fragment revealed that it did
not contain sequences upstream of the start
codon or the 3’ termination codon. A genome-
walking PCR strategy was applied to amplify
the unknown regions of the pgip gene. Two
positive clones designated as pCR-ScalGW
and pCR-DralGW were sequenced and the re-
sulting sequences represented the unknown
5" and 3’ regions, respectively. The complete
Eucalyptus pgip gene contains a single open
reading frame, which encodes a protein of 331
amino acids and contains features that are
typical of PGIPs.

P()I.‘r’(}ALACTUR()NASE-INHIBITIN(‘.

Introduction
Polygalacturonase-inhibiting proteins
(PGIPs) are extracellular glycoproteins
thatare ionically bound to plant cell walls
and are capable of inhibiting fungal, but
not bacterial, endopolygalacturonases
(PGs).! PGIPs form specific, reversible,
saturable, high-affinity complexes with
fungal endopolygalacturonases.’ The
current hypothesis is that the PGIP-PG
interaction enhances the half-lite of oligo-
galacturonide ‘elicitors’ from the plant cell
wall, which are known to activate the
plant defence responses.' They have been
shown to be structurally related to several
plant disease resistance genes, and they
belong to a super-family of leucine-rich
repeat proteins that are specialized for the
recognition of non-self molecules and the
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rejection of pathogens.’

South African researchers have shown
considerable interest in PGIPs in recent
years with reports of studies from wheat,’
grapevine,' cotton,” bean,” apple” and
Eucalyptus.” PGIPs have been purified to
homogeneity from several dicotyledonous
plants, including bean,” soybean," to-
mato," pear,” apple,” raspberry," potato”
and, very recently, cotton” and guava."”
They have also been identified in the
pectin-rich monocots, onion and leek.”

The first gene encoding a PGIP was
cloned from Phaseolus vulgaris." Pgip
genes have since been cloned from many
other plant species, with the implementa-
tion of several polymerase chain reaction
(PCR) techniques. Most pgip genes
characterized contain a single open
reading frame approximately 1 kilobase
(kb) in length that is not interrupted by
introns.*"*'" However, the raspberry
(Rubus idaeus) pgip contains a predicted
intron sequence.” A highly hydrophobic
region corresponds to the N-terminal
signal peptide, which targets PGIDPs to the
endomembrane system for export to the
extracellular space.”"

Several PCR techniques have been
employed to isolate pgip genes from vari-
ous plant sources. PCR is a powerful tool
developed and used to amplify microgram
amounts of a specific, targeted gene.”
Typical PCR reactions use oligonucleotide
primers that hybridize to opposite strands
so that extension proceeds inwards be-
tween the two primers.” A limitation of
the technique is the inability to amplify
regions that lie outside the boundaries
of known sequences without the use of
several major molecular modifications
thatinclude cloning and ligation of adap-
tors to the ends of amplified sequences.™
Several methods have since been devel-
oped for ‘walking” from a known DNA
region to an unknown region in both
cloned and uncloned DNA. These include
inverse PCR, randomly primed PCR,
adaptor-ligation PCR and genome-walk-
ing PCR.*
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The molecular cloning and characteriza-
tion of a Ewcalyptus grandis pgip gene is
described here. In a previous study® a
partial E. grandis pgip gene was isolated.
Sequence analysis revealed that the pre-
dicted translation of this partial gene
showed a high degree of amino acid iden-
tity with the corresponding part of the
pear PGIT although it lacked the N-termi-
nus including the signal peptide and
the C-terminus of the protein. Using the
genome-walking technology, we chose to
‘walk” upstream as well as downstream of
the known pgip sequence, in order to de-
termine the sequences of the 5" and 3
ends of the gene. [solation of the complete
pgip gene is the first step towards under-
standing the role of this gene’s product in
defence against fungal pathogens of Euca-
Lyprtus.

Materials and methods

Genomic DNA was extracted from
100 mg of fresh, young leaves collected
from a E. grandis clone (TAG5) using the
DNeasy Plant Mini Kit (Qiagen, Ger-
many) as recommended by the manufac-
turer’s protocol. Gene-specific primers
PC6 (5"-ACATCTCTCAGCGCTCTCA
ACC-3) and SPPGIP2 (5'-GCAGTGTG
GAGGGGTGCACCACACAGGCA-3) de-
signed from the conserved regions of
pear” and FEucalyptus® pgip sequences,
respectively, enabled the amplification of
a E. grandis pgip fragment of approxi-
mately 1.0 kb. The PCR product was
gel-purified using the QIAquick Gel
Extraction Kit (Qiagen) and cloned into
the polylinker region of the pGEM-T-Easy
commercial cloning vector. T7 and SP6
primers were used to sequence the

| double-stranded DNA insert of a positive

recombinant clone designated as pGEM-
Eucpgipl10B. Sequencing was achieved,
using the BIG Dye terminator cycle
sequencing kit, with an ABI Prism model
3100 automated sequencer (Perkin-Elmer,
DNA sequencing facility, Department of
Genetics, University of Pretoria).

A BLASTX search using the partial E.
grandis pyip sequence from pGEM-
Euepgip110B was conducted to determine
regions of hamology to other published
PGIP polypeptide sequences. Sequence
comparisons revealed the absence of a 3’
downstream region on the E.grandis pgip
fragment [CLUSTAL (EBI) software
http://www2.ebi.uk]. Genome walking
adaptors designed according to those
described by Siebert et al.* were ligated to
blunt-end digested E. grandis (clone
TAG5) genomic DNA. Primer pairs,
N-PGIP-L1 (5'-CCATGAGGCCAAGACAT
AGG-3) and PGIP-Inv-L2 (5-GGACGG
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AGGAGAACAGTAGG-3") and N-PGIP- | TAG5 genomic DNA with Scal enabled the

R1-1 (5-CTGAACGTCAGCTACAA
CAG-3) and PGIP-Inv-R3 (5-CCATAA
CCGATGCCTGTGTG-3) were designed
in opposite orientation to normal PCR
primers using the pGEM-Eucpgipl10B
sequence data. Primary PCR reactions
were performed using genome-walking
adaptor primer 1 (ADP1), designed as de-
scribed by Siebert ef al.™ and N-PGIP-L1
for amplifying the upstream 5" region of
the gene, and primers ADPT and
N-PGIP-R1-1 were used for amplifying
the downstream 3’ region. Secondary
PCR reactions were performed using
adaptor primer 2 (ADP2) and PGIP-Inv-
L2 for the upstream region and primers
ADP2 and PGIP-Inv-R3 for amplifying
the downstream 3’ region. The PCR prod-
ucts were purified from the gel and li-
gated into the multiple cloning site of the
pCR"2.1 vector provided in the TA" Clon-
ing Kit (Invitrogen). The ligated samples
were transformed into One Shot"cells
(TOP10F"). Two positive clones designated
pCR-ScalGW-4 (upstream fragment) and
pCR-Dral-CW2 (downstream fragment)
were sequenced using the M13 forward
and M13 reverse primers.

The DNA sequences obtained were
further analysed for homology to the
original Encalyptus pgip sequence and the
potential presence of control regions. The
theoretical molecular weight and iso-
electric point for the mature E. grandis
PGIP were determined using the algo-
rithm from ExPASy's Compute pl/Mw
program (http://scansite.mit.edu/calc_
mw_pi.html). Databases used for in silico
promoter prediction were: PlantCARE"
(http://intra.psb.ugent.be:8080/
PlantCARE/); PLACE* (http:/www.dna.
affrc.go.jp/htdocs/PLACE/signalscan.
html); PlantProm DB (http://www.
softberry.com/berry.phtml?topic=
promoter); Neural Network Promoter
Prediction® (http://www. fruitfly.org/
seq_tools/promoter.html); the Markov
Chain Promoter Prediction Server™
(http:/genes.mit.edu/McPromoter.html).

Results

Nucleotide sequence analysis of the
recombinant pGEM-Eucpgipl10B clone
revealed that amplification with the
gene-specific PCo6 primer enabled deter-
mination of the start codon (ATG) and
signal sequence of PGIE which was not
included in the partial Eucalyptus PGIP
fragment sequenced previously.” The
genome-walking strategy of Siebert et al.™
was thus employed to amplify the E
grandis pgip upstream and downstream
regions. Restriction enzyme digestion of

amplification of the 5" upstream region,
using adaptor primer (ADP2) and PGIP-
Inv-L2, while digestion with Dral led to
the amplification of the downstream 3’
region when ADP2 and PGIP-Inv-R3
were used.

Recombinant plasmids pCR-ScalGW-4
and pCR-Dral-GW2 were selected and
sequenced following PCR and restriction
enzyme screening. Based onalignment of
these sequences to the upstream and
downstream regions of the pGEM-
Eucpgipl 10B clone, we concluded that the
inserts from pCR-ScalGW-4 and pCR-
Dral-GW2 represented the 5" and 37 re-
gions of the E. grandis pgip gene, respec-
tively. A 162-bp sequence was determined
from the pCR-ScalGW-4 clone using the
M13 forward and MI13 reverse primers.
Alignment with the partial E. grandis pgip
sequence showed that the genome-walk-
ing clone shared an overlap of 91 bp at the
5' region of the gene. Only one nucleotide
difference, which results in a silent muta-
tion, was observed within the signal
sequence region.

DNA sequence information for 44 bp
upstream of the pgip start codon was
obtained from pCR-ScalGW-4. This
region was searched in silico for a pre-
dicted promoter and transcription initia-
tion site. On account of genome sequen-
cing projects, algorithms have been de-
veloped for prediction of promoters from
raw sequence data.* Several of these have
been made available through the Internet
and some are based on databases of
experimentally proven plant promoters
(see Materials and methods). No RNA
Polymerase Il binding site (TATA-box) or
transcription initiation site could be iden-
tified, since it is likely that the promoter is
further upstream.

The pCR-Dral-GW2 clone contained a
693-bp sequence in the downstream
region of the partial E. grandis pgip gene.
There were only 39 bp that shared an
overlap with the pGEM-Eucpgip110B
clone. The translation termination codon
(TAG) was observed in the nucleotide
sequence of pCR-Dral-GW2.

The 5 and 3" DNA sequences obtained
from genome-walking PCR were linked
in silico to the partial E. grandis pgip
sequence from pGEM-Eucpgipl10B
to give the composite E. gramdis PGIP
sequence, which has been deposited in
Genbank (accession number AY445043).

Discussion and conclusion
Polygalacturonase-inhibiting proteins,

associated with the cell wall of many plant

species, form part of the active defence of
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plants against phytopathogenic fungi.
The composite E. grandis pgip gene
reported in this study comprises a single
open reading frame of 996 bp that is
uninterrupted by introns. It encodes a
polypeptide of 331 amino acids. The E.
grandis PGIP amino acid sequence
showed 99%, 93%, 49% and 46% identity
with sequences of pear, apple, bean and
soybean PGIPs, respectively.! This was
retlected in the conservation of several
features, including the potential process-
ing site for signal peptidase, 10 leucine-
rich repeats, three cysteine residues at
the C-terminus and several potential
glycosylation sites.' The mature protein is
predicted to be 304 amino acids in size
with a calculated molecular mass of
34 kDa and an isoelectric point of 6.2 (see
Materials and methods).

The complete palypeptide sequence of
the E. grandis PGIP differs from the
published pear polypeptide sequence by
only three amino acids (one within the
signal peptide and two at the C-terminus).
The E. grandis sequence obtained in this
study contained the amino acids TSID at
position 191 of the mature polypeptide,
which are identical to those found in both
pear PGIP and apple PGIP1. In contrast,
the partial Eucalyptus pgip sequence
reported previously had four different
amino acids (CKHR) at this position.”
There are another eight amino acids
that differ from the partial Eucalyptus
sequence.”

Several explanations can be offered to
explain differences in amino acid sequence
between the partial Encalyptus PGIP* and
the complete E. grandis PGIP obtained in
this study. The most obvious reason could
be that different E. grandis clones were
used in each study, which could possibly
result in a difference in the polypeptide
sequence. Alternatively, the differences
observed could be attributed to the fact
that a different PGIP allele or pgip gene
family member was sequenced in the
previous study.” The type of polymerase
used to amplify the pgip gene also plays a
significant role in whether mutations are
incorporated in the gene sequence. In the
present study, the DNA sequence electro-
phoretograms were analysed carefully in
this region. Furthermore, the sequence
of this region was confirmed by direct
sequencing from genomic E. grandis
(TAG5) DNA. It is possible that in the
previous study,” this region may have
been difficult to read by the automated
sequence prediction software. This would
have resulted in a frameshift over this re-
gion by the insertion or deletion of bases
before and after this region. However,
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Chimwamurombe ¢f al.” obtained the same
predicted sequence (GKHR) for pgips iso-
lated from four other Fucalyptus species
thus adding weight to the view that dif-
ferent PGIP alleles or pyip gene family
members were previously sequenced.
Itisinteresting that the PGIP from Euca-
lyptus ,a member of the Myrtaceae, shows
a high degree of sequence similarity to
pear and apple PGIPs, both plants in the
Rosaceae. The PGIPs from Eucalyptus that
have been characterized are the only
PGIPs that have been described for
members of the Myrtaceae.
Determination of the complete sequence
ofa E. grandis pyip genein this study paves
the way for the characterization of a
single PGIP from this plant. This could be
achieved by transformation and expres-
sion of the PGIP in a test plant such as
tobacco. The specificity of this PGIP
against ’Gs from different fungal patho-
gens of Eucalyptus could then be tested.
This would overcome the limitations of
studies with PGIP extracts from Eucalyp-
fus, in which there may be mixtures of
different PGIPs. 1f PGIP activity can be
demonstrated, the gene could then be
used in genetic modification strategies to
enhance resistance of Eucalyptus against
targeted fungi.
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