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Abstract

Project Code : MRG5480104

Project Title : Elicitin of Phytophthora palmivora, a pathogen of rubber plants:
cloning, expression and its role in virulence of variant isolates

Investigator : Dr.Nion Chirapongsatonkul

E-mail Address : nion.c@psu.ac.th, nim_nion@hotmail.com

Project Period : 2 years

Phytophthora spp., the plant pathogenic oomycetes have devastating effects on
crops and natural ecosystems worldwide. In Thailand, these pathogens cause many
diseases on economic crops. Among Phytophthora spp., P. palmivora is an important
pathogenic species of the rubber plant (Hevea brasiliensis) causing black stripe, green
pod rot and abnormal leaf fall. It also attacks the tapping surface that results in reduced
latex production and large economic losses.

This study aimed to elucidate the distribution of Phytophthora spp. and
P. palmivora in rubber plantations in 3 provinces in southern Thailand, Songhkla, Satun
and Nakhon Si Thammarat, between 2011 and 2012. These pathogens were isolated
from plant specimens by suing selective media and confirmed by polymerase chain
reaction, PCR-based technique. The technique named single round semi-nested
multiplex PCR was developed to simultaneously detect and identify Phytophthora spp.
and P. palmivora in a unique reaction. Unfortunately during the survey period, neither
Phytophthora spp. nor P. palmivora could be isolated. Most of the isolated fungi were
Colletotrichum gloeosporioides, Fusarium sp., Cercophora sp., Trichoderma sp. and
Podospora sp.

The gene encoding elicitin produced in P. palmivora (Ppal_Eli) was cloned and
characterized. The full length of Ppal_Eli cDNA was 485 bp in length. Ppal_Eli cDNA
contained an open reading frame (ORF) of 357 bp encoding a polypeptide of 118 amino
acids with a calculated molecular mass of 12208.90 Da and pl value of 4.68. The
comparison of the deduced amino acid sequence of Ppal_Eli protein with elicitins
produced in other Phytophthora spp. revealed an overall %identity in a range of
70-90%. Ppal_Eli protein consisted 1 predicted signal peptide of 20 amino acids and
an elicitin domain. Disulfide tool predicted the cysteine disulfide bonding state and
connectivity as follows: Cys3—Cys71, Cys27—-Cys56 and Cy51-Cys95, moreover, the N

terminal portion of deduced amino acid sequence has Val at position 13 which are



typical characteristics of the class acidic alpha elicitins. To study the evolutionary
relationship of elicitin, phylogenetic trees were constructed based on both nucleotide
sequence and amino acid sequence of the elicitin from P. palmivora, and those of
elicitin from other Phytophthora species. The constructed trees were used to base trees
with the 3 major clusters including Class I, Class Il and Class lll while our interested
Pal_Eli were presented in Class I.

In order to elucidate the relationship between elicitin gene and the virulence of
P. palmivora, different isolates was isolated from cultured P. palmivora KBNM 9
lineage. Ppal1, Ppal3, Pal4 and Pal5 was collected and maintained for further studies.
These 4 isolates showed many different characters including growth rate on medium,
which could be classified into 3 groups of very slow-growing, slow-growing and fast-
growing, sporangium production and zoospore releasing. The detached rubber leaves
were inoculated with mycelium of all isolates for 24 h and necroses were then observed.
The elicitin gene expression in cultured mycelium (in vitro) as well as that in the
pathogen growing in infected leaf tissues (in planta) were also measured. The results
showed that in planta Ppal_Eli gene expressed in high level in Ppal3 and Ppal4, which
induced large necrosis, while it was lower in Ppall and Ppal5 corresponding to the
smaller necrotic lesions. The evidence suggested the trend of positively relation
between invasion potency into host plant and in planta elicitin gene expression.
Conversely, in vitro elicitin gene expression was seemed to be involved in the
sporangium production and zoospore releasing. Therefore, based on our data it could
not conclude for the precise role or involvement of elicitin in pathogen virulence or
virulent pathogenecity. To gain more insight in this controversial issue, the kinetics of
elicitin gene expression during pathogen growth in medium or in host plant should be
established. In addition, the determinations of any additional factors that may directly

influence elicitin activity or pathogen virulence are needed in further studies.

Keywords : Elicitin, Hevea brasiliensis, Phytophthora palmivora, Single round

semi-nested multiplex PCR, Virulence
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Executive Summary

1. Research Significance and Background

Hevea brasiliensis (Wild.) Muell.-Arg. or the rubber plant is an economically important crop in
Thailand, the latex of which and its products are major Thai export incomes. However, one consequence of
frequent tapping is that infection can occur at the wounds of the tapping sites. This problem is common in the
southern part of Thailand where the humidity and temperature is high and conducive for pathogen growth. In
this area, RRIM600 is the commonly plantation cultivar because of its high-yield of latex, nonetheless, this
cultivar is highly susceptible to Phythophthora pathogens.

Phytophthora diseases cause widespread economic and environmental losses worldwide.
Phytophthora leaf disease caused by members of the oomycete genera Phytophthora are the most important
disease of the rubber tree. P. palmivora, P. botryosa, P. heveae, P. meadii and P. parasitica are described as
pathogens of the rubber tree. In the south of Thailand P. palmivora and P. botryosa are the most frequently
isolated pathogens that cause black stripe, green pod rot and abnormal leaf fall (Butler, 1996; Erwin and
Ribeiro, 1996). P. palmivora attacks the petioles causing mature leaves to fall prematurely and also attacks
the tapping surface resulting in reduced latex production.

P. palmivora is reported to be an important pathogen of several plant crops in Thailand; however,
the method to identify and diagnose this pathogen is not yet developed. Additionally the data of the
distribution and dispersion of Phytophthora spp. and in particular P. palmivora, as the causing agent of leaf
fall and black stripe of rubber plants has been investigated since 2004 (Sdoodee, 2004), evidence on its
distribution recently remains rare. This research therefore aims to study on the distribution of the
Phytophthora genus and P. palmivora in southern Thailand covering the important rubber plantations in
Songkhla, Nakhorn Sri Thammarat and Phang Nga province. The PCR-based method using the specific
primers for the internal transcribed spacer (ITS) regions of their nuclear ribosomal DNA (rDNA) repeat region
towards Phytophthora genus and P. palmivora, respectively, will be performed for identification of the
pathogen. P. palmovora isolated from different specimens and different areas will be collected and screened
for their virulence on detached rubber leaves. Moreover, the gene encoding a pathogen elicitor, elicitin; a
superfamily of 10 kDa extracellular proteins, of P. palmivora will be investigated (for its full sequence) and its
expression level will also be measured in these same isolates in vitro and examined for possible correlations
with virulence. Altogether, these findings will indicate the areas containing the virulent strain of P. palmivora

and this will help to lead to further investigate the appropriate disease management and crop protection.

2. Objectives

Surveying in the rubber plantations located in southern Thailand in order to;

1)  Elucidate the distribution of Phyfophthora spp. and P. palmivora.

2) Isolate and collect the different strains of P. palmivora as a cultural collection.

3) Address the biological function of elicitin as a virulence factor of P. palmivora involved in
pathogen infection.

4) Comparative analyze the virulence of the isolated P. palmivora strains.



3. Research Methodology
1) Survey and collection of Phytophthora spp.

To assess the distribution of Phytophthora spp. and P. palmivora in southern Thailand, the field
survey will be carried on in the rubber plantations located in 3 provinces in which large number of rubber
trees is planted. Naturally infected tissues exhibiting Phytophthora diseases; black stripe, stem canker and
abnormal leaf fall will be used for the screening of different strains of Phytfophthora spp. Isolation from
collected samples will be assayed for the presence of Phytophthora spp. and P. palmivora.

Small pieces of diseased plant tissue will be plated directly onto a selective media for Phytophthora
spp., Potato Dextrose Agar (PDA) containing antibiotics, and incubated at room temperature. Hyphal tips will
be cut from the edges of growing colonies and subcultured onto a new PDA and clarified V; juice agar for
further study and storage. Isolates will be separated and divided into groups based on their visual colony
morphology and their zoospore morphology under the microscope. The isolates that are considered to be
Phytophthora spp. by virtue of their morphology considered being or similar to Phytophthora spp. will be
transferred to grow in PDB for more detailed study.

2) Determination of unknown Phytophthora spp. and P. palmivora

To verify whether the selected isolates belong to the Phytophthora genus, genomic DNA will be
extracted from mycelia using the DNeasy Plant Mini Kit (Qiagen) followed by PCR using the primers specific
to genus Phytophthora (Phy1s/Phy2a) according to Tsai et al. (2006). These oligonucleotide primers have
been designed based on the sequences of 28S rRNA and ITS1-5.8S rRNA-ITS2 from a variety of
Phytophthora spp. PCR amplified products will be analyzed by 1.5% agarose gel electrophoresis in 1x TAE.
The fragment sizes will be estimated by comparison with a 100 bp DNA ladder (Vivantis). PCR products
exhibiting positive result, showing the band with expected size, will be purified and directly sequenced (ABI
Biosystems), to confirm that they are the oomycete Phytophthora and to identify the species of the isolates.
In addition, the obtained PCR product of each isolate will be used as template for the PCR conducted with
the species-specific primer pair which has been tested for its specificity to P. palmivora (Pal1s/Pal2a) (Tsai et
al., 2006). Altogether, these will indicate which isolates represent Phytophthora spp. and P. palmivora and
then evaluate the frequency of these pathogens which may cause the diseases found in the selected
locations.

Isolates of P. palmivora will be used for further study on elicitin gene expression and comparable
virulence on rubber leaf.

3) Cloning of full-length cDNA of the elicitin gene of P. palmivora

Total RNA will be extracted from the mycelia of P. palmivora isolate using the RNeasy Plant Mini Kit
(Qiagen) and first-strand cDNAs will be consequently synthesized by the action of the enzyme SuperScript™
Il Reverse Transcriptase (Invitrogen). The degenerate primers designed from conserved sequences of the

elicitin genes of Phytophthora spp. published in the NCBI website (http://www.ncbi.nim.nih.gov/) and the

primer designed from nucleotide sequence of a partial elicitin gene of P. palmivora that has been submitted
to GenBank (Accession no. AY206986) will be used for RT-PCR. The PCR amplified products will be purified
and directly sequenced. This gained nucleotide sequence will then be used for designing the primers for the

5" and 3' rapid amplification of cDNA ends (RACE). The RACE-PCR product will be cloned into the pGEM-T



Easy Vector (Promega) and transformed into Escherichia coli TOP10 cells, according to the manufacturer’s
instructions. Plasmids will be extracted and sequenced. The specific primer for determining the expression
level of the elicitin mMRNA will be designed from the obtained full sequence, and then the PCR will be carried
out to evaluate the virulence comparatively.

Comparative and bioinformatic analyses of the obtained full-length of the elicitin gene will be carried
out online at the NCBI website. In addition, the nucleotide sequences, deduced amino acid sequences, and
ORF encoded the elicitin gene of P. palmivora will be analyzed. The sequence comparison will also be

conducted through the NCBI database using the BLAST program (http://www.ncbi.nlm.nih.gov/). The deduced

amino acid sequences will also be compared with the N-terminal sequences of palmivorein, a purified elicitin
secreted by P. palmivora that has been described for its effect on Hevea leaves and calli (Chirapongsatonkul
et al., 2008; Churngchow and Rattarasarn, 2000; 2001).
4) Pathogenicity studies
The virulence of 15 isolates of P. palmivora randomly sampling from different specimens and areas
will be tested by a zoospore inoculation method. For every tested isolates, 3 detached rubber leaves will be
inoculated with the zoospore suspension while sterile distilled water will be replaced as control or with a 5-
mm hyphal plug. The size, measured by the average diameter of the necrotic lesions, and characteristic of
the lesions will be observed every day, for 5 days, after inoculation. The necrosis size and progress of
mycelium during the inoculation period will be concurrently assessed.
5) Determination of the expression level of the elicitin gene of P. palmivora isolates
Total RNA will be extracted from the mycelia of each isolate, comparable to those used in the
method 4), then followed by cDNA synthesis. RT-PCR for the analysis of the elicitin gene of different strains
of P. palmivora will be performed using cDNA as template and amplified with specific primers described in 3).
Control reactions to normalize RT-PCR amplification will be run parallel with the specific primers of the B—
tubulin gene. The reported elicitin gene expression values will be relativized to B-tubulin.
6) Comparative analysis of elicitin gene expression and virulence of P. palmivora isolates
To establish the possible relation of the expression of elicitin gene and the potency to infect the host,
rubber plant, the expression level of this gene of each P. palmivora isolate will be compared with their

virulence as observed in the corresponding pathogenicity test.



4. Research Plan

Months

Activities
6 12 18 24

A
v

. Field survey and screening of Phythophthora spp.

. Determination of unknown Phytophthora spp.

and P. palmivora

. Evaluation of the distribution of Phytophthora spp.
and P. palmivora in the rubber plantations in <>

southern Thailand

. Cloning of full-length cDNA of the elicitin

gene of P. palmivora

. Virulence and pathogenicity studies «—>

. Determination of the expression level of the

elicitin gene of P. palmivora isolates

. Comparative analysis of elicitin gene expression

A
\4

and virulence of P. palmivora isolates

5. Outcome
Expected publications : - Cloning and expression of an elicitin gene from Phytophthora palmivora
and its involvement in virulence in Hevea brasiliensis
- Invivo quantification of elicitin gene expression in
Phytophthora palmivora during infection and colonization
Expected journals for publication : Physiol. Mol. Plant Pathol. (impact factor ~ 1.4) or

Phytopathology (impact factor ~ 2.2) or Mol. Plant Microbe Interact. (impact factor ~ 4.1)

6. Research Budget
Year 1 Year 2 Total
1. Payment
- Payment for researcher 120,000 120,000 240,000
2. Survey expense 30,000 30,000
3. Payment for chemical and scientific materials, e.g. 80,000 110,000 190,000
- Culture media and antibiotics for Phytophthora spp.
- DNA and RNA isolation kit
- Superscript Ill and Tag DNA polymerase
- 5'and 3' RACE kit
- Cloning systems; vector and competent cell
- Plasmid/PCR product purification kit
4. Payment for operating expenses, e.g. 10,000 10,000 20,000
- DNA Sequencing service
Total 240,000 240,000 480,000
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Introduction

Hevea brasiliensis (Wild.) Muell.-Arg. or the rubber plant is an economically
important crop in Thailand, the latex of which and its products are major Thai export
incomes. At present, South East Asia especially Thailand is the world’s largest producer
and exporter of natural rubber, which is a key source of income for many farmers
especially in the southern provinces. (FAO, 2013).

However, frequent tapping causes a consequence infection occurred at the
wounds of the tapping sites. This problem is common in the southern part of Thailand
where the humidity and temperature is high and conducive for pathogen growth. The
cultivar that give high-yield of latex RRIM600, the commonly plantation in this area, is
highly susceptible to Phythophthora pathogens.

Phytophthora diseases cause widespread economic and environmental losses
worldwide. Phytophthora leaf disease caused by members of the oomycete genera
Phytophthora are by far the most important disease of the rubber tree. Phytophthora
spp. described as pathogens of the rubber tree include P. palmivora, P. botryosa,
P. heveae, P. meadii and P. parasitica. In the south of Thailand P. palmivora and
P. botryosa are the most frequently isolated pathogens that cause black stripe, green
pod rot and abnormal leaf fall (Butler, 1996; Erwin and Ribeiro, 1996). P. palmivora
attacks the petioles causing mature leaves to fall prematurely and also attacks the
tapping surface resulting in reduced latex production.

Many species of Phytophthora can now be identified from their unique DNA
sequences in the internal transcribed spacer (ITS) regions of their nuclear ribosomal
DNA (rDNA) repeat region (Chimento et al., 2005; Cooke and Duncan, 1997; Drenth
and Irwin, 2001; Winton and Hansen, 2001). Recently, the Polymerase Chain Reaction
(PCR) has been used extensively for detection of plant pathogens due to the
advantages of sensitivity, speed, and reliability (Martin et al., 2000; Ward et al., 2004).
The PCR-based methods have been utilized worldwide in order to identify and detect P.
palmivora, for example, from orchids (Tsai et al., 2006), important plants in Australia
(Drenth and Irwin, 2001), coconut (Chowdappa et al., 2003) and citrus (Bowman et al.,
2007).

Most of the oomycete Phytophthora species and Pythium species ubiquitously
produce and secrete a unique class of highly conserved effector molecules named

elicitins. (Panabiéres et al., 1997) Elicitins are a superfamily of 10 kDa extracellular



proteins that share a 98-amino-acid domain (Baillieul et al., 2003; Ponchet et al., 1999;
Qutob et al., 2003). They are lipid-binding proteins which are thought to aid in sterol
uptake from the environment, an absolute requirement for sporulation (Hendrix, 1970).
The biological function as a virulent or avirulent factor of elicitins in plant-pathogen
interactions remains in conflict since they could induce hypersensitive response (HR, a
form of programmed cell death) and other biochemical changes associated with plant
defense responses in some host plants such as Nicotiana species in the Solanaceae
and some radish and rape varieties in the Brassicacae (Blein et al., 2002; Kamoun et
al., 1993, 1997; Pernollet et al., 1993; Ponchet et al., 1999; Ricci et al., 1989; Sasabe et
al., 2000). The ability of elicitin has been reported to induce necroses and disease-like
lesions (Menter et al., 2010; Takemoto et al., 2005). It has been demonstrated that P.
palmivora elicitin, palmivorein, induces tissue necrosis on tobacco leaves and its host H.
brasiliensis (Churngchow and Rattarasarn, 2000; 2001). Palmivorein triggers HR cell
death and defense responses including scopoletin (Scp) production and enzyme
peroxidase activities in Hevea calli in a dose dependent manner while these
phenomenon decrease in the treatment of too high elicitin concentration
(Chirapongsatonkul et al., 2008). However, Phytophthora elicitin production has been
shown to vary among isolates (Kamoun et al., 1994) and the host species (Colas et al.,
2001; Kamoun et al., 1997).

P. palmivora is reported to be an important pathogen of several plant crops in
Thailand; however, the method to identify and diagnose this pathogen is not yet
developed. Additionally the data of the distribution and dispersion of Phytophthora spp.
and in particular P. palmivora, as the causing agent of leaf fall and black stripe of rubber
plants has been investigated since 2004 (Sdoodee, 2004), evidence on its distribution
recently remains rare.

This research aimed to study on the distribution of the Phytophthora genus and
P. palmivora in southern Thailand covering the important rubber plantations in Songhkla,
Satun and Nakhon Si Thammarat province. The PCR-based method using the specific
primers for ITS region towards Phytophthora genus and P. palmivora, respectively,
including our developed single round semi-nested multiplex PCR was performed to
identify these target pathogens. Various isolates of P. palmovora that exhibit different
characters were screened and collected. These P. palmovora isolates were used to
determine their virulence on detached rubber leaves. Moreover, the full length of gene
encoding elicitin of P. palmivora (Ppal_EIli) was cloned and characterized. The elicitin
gene expression levels were also measured in vitro and in planta in each selected
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P. palmovora isolates and inspected for its possible correlation with virulence by
comparative observing its potency to induce necrosis and cell death on rubber leaves.
Altogether, the obtained results could address the biological function of elicitin that
involved in pathogen infection. These findings could lead to further investigate the

appropriate disease management and crop protection.

Research Methodology

1) Survey and collection of fungi and Phytophthora spp.

To assess the distribution of Phytophthora spp. and P. palmivora in southern
Thailand, the field survey was carried on in the rubber plantations located in 3
provinces; Songhkla, Satun and Nakhon Si Thammarat (marked with asterisks in Fig.
1). Naturally infected tissues exhibiting Phytophthora diseases (observed by naked
eyes) including black stripe, stem canker and abnormal leaf fall were collected between
June, 2011 and February, 2012. These samples were screened for the presence of
Phytophthora spp. and P. palmivora.

Small pieces of diseased plant tissue were plated directly onto a selective
medium for Phytophthora spp., Potato Dextrose Agar (PDA) containing antibiotics
(Ceftazidime Chloramphenicol Rifampicin and Nystatin) or PDA Anti, to prevent the
contamination by other organisms and incubated at room temperature. Two or three d
later, mycelium tips were cut from the edges of growing colonies and subcultured onto a
new PDA and clarified V8 juice agar for further study and storage. Isolates were
separated and divided into groups based on their visual colony morphology and their
zoospore morphology under the microscope. All isolates were kept for more detailed

study.

2) Isolation of DNA and RNA and first strand cDNA synthesis
The genomic DNA from mycelia of each isolate and plant materials (50-100 mg
of each sample) was extracted using the DNAzol or the NucleoSpin® Plant Il Kit
(Macherey-Nagel) according to the supplied protocol from the manufacturer. Total RNA
from mycelia and plant tissues was extracted using the RNeasy Plant Mini Kit (Qiagen)
according to the supplied protocol from the manufacturers. To obtain only RNA, the

contaminated DNA was removed using the DNase | (Thermo Scientific) followed the



manufacturers’ protocol. The concentration of DNA and total RNA was determined
spectrophotometrically.

The first-strand cDNA synthesis was made from 2 ug of RNA using the enzyme
SuperScript™ |ll Reverse Transcriptase (Invitrogen) at 42°C for 1 h, followed by 72°C
for 10 min and held at 4°C.

Fig. 1 The sampling sites for sample collection in this research. Asterisks (*)

represent provinces where the rubber plantations were located.

3) Determination of unknown isolated fungi

To analyze whether the fungi collected are Phytophthora spp. or P. palmivora,
the morphological and molecular analysis were performed. The mycelium, sporangium
and zoospore of each isolate were revealed under microscope. The results of nucleotide
sequences of ITS region within rDNA, obtained from PCR with universal primer and
DNA from each isolate, indicating of which species isolated were considered. In
addition, the single round semi-nested multiplex PCR, described below, was also used
to verify whether the interesting isolates were that belonging to the genus Phytophthora
and P. palmivora.

3.1) Identification of unknown fungi

Genomic DNA of all unknown isolates and the universal primer ITS1/ITS4 (Bi et

al., 2011), the detail as shown in Table 1, was used for PCR amplification of the fungal
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18S rDNA in ITS1-5.8S rDNA-ITS2 region. The fragment sizes were estimated by
comparison with a 100 bp Plus DNA Ladder (Vivantis). The PCR products were gel-
purified with the QIAquick Gel Extraction Kit (Qiagen). Purified PCR products were
bidirectional sequenced directly, using the dye-terminator cycle-sequencing reaction
(Applied Biosystems).

The obtained nucleotide sequence of each isolate was determined by alignment
with the sequences submitted to the NCBI database (http://www.ncbi.nlm.nih.gov/) by
nucleotide BLAST analysis in order to identify the species of the isolates.

3.2) The specificity of primers for Phytophthora spp. and P. palmivora used
in the single round semi-nested multiplex PCR

Primer pair covering the Phytophthora genus (Phy1s/Phy2a), and those specific
to P. palmivora (Pal1s/Pal2a) were available from Tsai et al. (2006). These
oligonucleotide primers have been designed based on the sequences of 28S rRNA and
ITS1-5.8S rRNA-ITS2 from a variety of Phytophthora spp. collected from the NCBI
website and analyzed by multiple sequence alignment using Clustal X (Thompson et al.,
1994). The nucleotide sequences of primers and expected product sizes are shown in
Table 1. The single round semi-nested multiplex PCRs were carried out using the set of
3 primers Phy1s/Phy2a/Pal2a and the DNA extracted from P. palmivora (isolate KBNM
9 maintained in our laboratory, a positive strain) at approximately 20 ng was used as
the template. These PCRs were performed in 25 pl reaction using EmeraIdAmp® GT
PCR Master Mix (Takara) and each primer at final concentration of 0.4 yM. No template
(negative control, water) was run in each experiment. The PCR reactions were run on a
Techne TC-512 Gradient Thermal Cyclers (Techne). The PCR conditions were as
follows: denaturation at 94°C for 5 min, followed by 30-35 cycles of 1 min at 95°C, 1
min at 55°C, 1 min at 72°C, and a final extension at 72°C for 10 min. PCR amplified
products were analyzed by electrophoresis as previously described.

The specificity of the single round semi-nested multiplex PCR were examined by
amplification of the positive and negative controls as well as the DNA extracted from
Penicillium funiculosum (TISTR 3563), Aspergillus niger (TISTR 3254), Fusarium solani
(TISTR 3436) and Colletotrichum gloeosporioides or Phytophthora spp. as templates. To
check whether these primers could amplify any genes from the rubber plant, the PCR
reaction using the DNA of healthy rubber plant tissues was carried out; in addition, the
actin primer pair (actF/actR), amplifying actin gene of H. brasiliensis or HbActin, was

used as internal control. PCR amplified products were analyzed by electrophoresis on
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1.5% (w/v) agarose gel with 0.5 pg/ml ethidium bromide in 1x TAE. The fragment sizes
were estimated by comparison with a 100 bp Plus DNA Ladder (Vivantis). The PCR
products from each primer pair were cut from the gel, purified using QIAquick Gel
Extraction Kit (Qiagen), ligated and then transformed into Escherichia coli Top10 cells.
Purified plasmids were bidirectional sequenced directly, using the dye-terminator cycle-

sequencing reaction (Applied Biosystems).

3.3) Determination of Phytophthora spp. and P. palmivora by single round
semi-nested multiplex PCR

The single round semi-nested multiplex PCR procedure was used to amplify the
DNA extracted from all unknown fungi isolated from the plant materials collected from
the naturally planted rubber trees expressing leaf fall or black stripe. These reactions
were done to verify if the isolated fungi are Phytophthora spp. and P. palmivora. The
positive result, one band sized 1000 bp and two bands sized 1000 bp and 650 bp,
indicating the species belonging to Phytophthora spp. and P. palmivora, respectively.

The frequency of these pathogens which may cause the diseases found in the
selected locations was evaluated. Isolates of P. palmivora were used for further studies

on elicitin gene expression and comparable virulence on rubber leaf.

4) Full length of elicitin gene from P. palmivora

4.1) Primer designing, amplification and cloning of full length cDNA of the
elicitin gene of P. palmivora

Total RNA was extracted from mycelium of P. palmivora KBNM 9 and first-
strand cDNA was synthesis followed the method mentioned above.

For designing the primers of the elicitin gene, the multiple alignment of the
elicitin nucleotide sequence from P. palmivora (accession number AY206986) and other
Phytophthora species were performed using ClustalW to align the sequences, and to
locate well conserved regions. Primers were designed based on the conserved regions
and primers properties were studied using Primer3 (http://bioinfo.ut.ee/primer3-0.4.0/)
and Primer-BLAST (http://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi?LINK_LOC=
BlastHome)

Elicitin gene from P. palmivora was amplified by PCR using primer F_Elicitin and
R_Elicitin which the details are shown in Table 1. The cDNA prepared from P. palmivora

KBNM 9 was taken for PCR amplification along with EmeraIdAmp® GT PCR Master Mix
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(Takara) and the primer pair. The PCR conditions were 94°C for 5 min, followed by 40
cycles of 1 min at 95°C, 1 min at 55°C, 1 min at 72°C, and a final extension at 72°C for
10 min. The PCR amplified products were analyzed by electrophoresis. The amplified
fragment with expected size was ligated and transformed into E. coli Top10 cells.
Purified plasmids were and the sequencing results were analyzed through BLAST
program. This gained nucleotide sequence was used for designing the primers for the 5'
and 3' rapid amplification of cDNA ends (RACE) to archive the full length of the
P. palmivora elicitin gene. RACE was performed using GeneRacerTM RACE Ready
cDNA Kit following the instructions of the manufacturer (Invitrogen). The RACE-PCR
products were cloned into vector and transformed into E. coli. The plasmids were then
purified and sequenced.

4.2) Sequence analysis and homology modeling of the elicitin gene from
P. palmivora

Comparative and bioinformatic analyses of the obtained full length of the elicitin
gene were carried out. In addition, the nucleotide sequences, deduced amino acid
sequences and ORF encoded the elicitin gene of P. palmivora was also analyzed via
BioEdit and ExPaSy (http://web.expasy.org/translate/). The sequence comparison was
conducted online through the NCBI database using the BLAST program
(http://www.ncbi.nlm.nih.gov/). The complete CDs of elicitin sequence was subjected to
protein domain analysis using Interproscan (http://www.ebi.ac.uk/Tools/pfa/iprscan/)
while disulfide bonds were found out using Disulfind (http://disulfind.dsi.unifi.it/). The
predicted pl and molecular weight (MW) of deduced elicitin protein was figured out by
Compute pl/Mw (http://web.expasy.org/compute_pi/). The probable signal sequence was
predicted using SignalP (https://www.google.co.th/#q=signalP). The deduced amino acid
sequences was compared with the N-terminal sequences of palmivorein, a purified
elicitin secreted by P. palmivora that has been described for its effect on Hevea leaves
and calli (Chirapongsatonkul et al., 2008; Churngchow and Rattarasarn, 2000; 2001).
Prediction of three-dimemtional structure and homology modeling of the elicitin form
P. palmivora was performed using Phyre2 (http://www.sbg.bio.ic.ac.uk/phyre2/html/). In
order to consider the relationship between the obtained P. palmivora elicitin and elicitins
from different Phytophthora spp., a phylogenetic analysis based on nucleotide and
amino acid sequence of 25 elicitins and elicitin like sequences were carried out by the

maximum likelihood (ML) method using MEGAG.
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5) Culture and zoospore preparation of various isolates of P. palmivora

Cultural stock of P. palmivora KBNM 9 lineage, maintained in the sterile distilled

water since 2008, was transferred to the new PDA plate. Monospore technique in our

laboratory was performed to isolate the stains which may varied develop because of

long time collection. The various isolated strains were further cultured on PDA.

Each isolate was studied for its morphological characters under microscope. To

comparative verify the ability of each isolated strains to produce zoospore, the zoospore

suspension of each isolate of P. palmivora was prepared following the method of

Chirapongsatonkul et al. (2008). Briefly, a 0.5 cm diameter plug was cut from the edge

of the growing mycelium and transferred to a Vg agar for 5 days then chilled using

sterile water (8—10°C) to trigger zoospores release from the sporangium. Zoospores

were collected 30 min later and counted under a microscope.

Table 1 PCR primers used in this study.

Target Name Primer sequence (5" to 3°) Expected size of
PCR product (bp)
ITS region of Phy1s ACTTTCCACGTGAACCGTATCA ~1000
Phytophthora spp. Phy2a GCACGAGCCACTCAGGGATG
ITS region of Pal1s CACGTGAACCGTATCAAAACT 648 (~650)
P. palmivora Pal2a CAATCATACCACCACAGCTGA
Elicitin gene of F_Elicitn ~ ATGAACTTCCGCGCTCTGTTCGCCG 220
P. palmivora R_Elicitin  TGCAAGCCGTCGACGCGCACATGAG
EliPro_F ACCACGTGCACCACCACCCAG 290
EliPro_R  TAGCGACGCACACGTAGCAGA
Actin gene of F_act-Pal ATGTCGATATCCGCAAGGAC 210
P. palmivora R_act-Pal TTCGAGATCCACATCTGCTG
Actin of actF CACCACCACTGCCGAACGGG 350
H. brasiliensis actR ACGGTCTGCAATGCCAGGGA
(HbActin)
ITS1-5.8S rDNA-ITS2 ITS1 TCCGTAGGTGAACCTGCGG
(Universal primer) ITS4 TCCTCCGCTTATTGATATGC
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6) Pathogenecity test and necrosis on the rubber leaves

6.1) Selection of P. palmivora strains

Seven isolates from P. palmivora KBNM 9 lineage were first tested for their
virulences by the following protocol. Three detached rubber leaves were inoculated with
the zoospore suspension while sterile distilled water was replaced as control. Zoospore
suspension should be used to inoculate plant within 30 min to avoid the encysment
could occur. After the abaxial surface of each leaf was placed facing the zoospores for
2 h, all leaves were rinsed with sterile distilled water then placed on moist Whatman
paper. The inoculated leaves were kept at 25°C under 12 h of daylight. The necrosis
sizes measured by the average diameter of the necrotic lesions and characteristic of the
lesions were observed after treatment for 3 days. The necrosis size and progress of
mycelium during the inoculation period was concurrently assessed in order to elucidate
the virulence of each strain. Afterwards, 4 strains of P. palmivora causing the necrosis
with difference in size were selected for studying more in the detail of their virulence.

6.2) Treatment procedure
The healthy rubber leaves were cut into 2x2 cm”. Twenty pieces from 5

individual plants were placed in a Petri dish containing moist Whatman paper. Every
piece was stabbed on the abaxial surface with a sterile needle (Nipro needle 21 G (0.8x
40 mm)) to make a wound for 3 mm in length. A 5-mm hyphal plug of each isolate of
P. palmivora, growing on Vg agar, was placed on the wound. A mycelium-free Vg agar
was placed on the wounded leaf piece as control. The inoculated leaf pieces were kept
at 25°C under 12 h of daylight. After treatment for 24 h, the leaf samples of both
mycelium treatment and control were randomly sampling for cell death assay. In
addition the leaf pieces and mycelium plug was separately collected and kept at -80°C
for RNA extraction and further study for the expression of elicitin gene.

6.3) Analysis for the pathogenecity

In order to elucidate the virulence of each strain, the necrosis, the progress of

mycelium and cell death was concurrently assessed.

7) Necrosis assay
The necrosis of treated and control leaves was visually observed during the
inoculation period, measured in size and photographed. To improve the vision of
necrotic lesion, chlorophyll was removed from the leaf tissue by boiling the leaf pieces

in 95% (v/v) ethanol. The necrosis was photographed.
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8) Cell death assay
Cell death was monitored in untreated and mycelium inoculated leaves by trypan
blue staining a method adapted and performed according to Koch and Slusarenko
(1990). At the leaf pieces was placed in 0.1% (v/v) Triton X-100 for 10 min and
transferred to the 0.5% (w/v) trypan blue dye for 30 min. The excess and unbound dye
was rinsed out with sterile water. The dead cells were monitored as blue color. Cell

death was observed visually and photographed.

9) Determination of the expression level in vitro and in palnta of the elicitin gene

of P. palmivora isolates
The expression level of elicitin gene was analyzed in vitro (in cultured mycelium)
and in planta (in pathogen growing in host plant) via semi-quantitative PCR. Total RNA
was extracted from the mycelia and rubber leaf tissue infected with mycelia of each
isolate. The first strand cDNA was synthesized followed the procedure described above.
The set of specific primer, of which sequence was shown in Table 1, for determining the
expression level of the elicitin mMRNA was designed from the obtained full sequence of
the elicitin gene. RT-PCR for the analysis of the elicitin gene of different strains of
P. palmivora was performed using EmeraIdAmp® GT PCR Master Mix (Takara),
synthesized cDNA as template and amplified with specific primers. The PCR was
started with 94°C for 5 min, followed by 25-40 cycles of denaturing, annealing and
extension temperature at 95°C for 1 min, 55°C for 1 min and 72°C for 1 min,
respectively and a final extension at 72°C for 10 min. The PCR products were
separated on 1.5% (w/v) agarose gel electrophoresis Quantification of the PCR products
was made in-gel using UVP BioSpectrum AC Chemi HR410 apparatus. Control
reactions to normalize RT-PCR amplification was done parallel with the specific primers
of P. palmivora actin gene (Table 1) designed from the sequence of P. palmivora actin
gene submitted to GenBank with accession number AY729846. The reported elicitin
gene expression values were relativized to internal marker P. palmivora actin gene. The
relative expression level was analyzed by determining the band intensity, measured by
Imaged software, comparing between elicitin gene and internal marker. In order to
analyze the elicitin gene expression in the rubber leaf tissues inoculated with
P. palmivora, the PCR using the primer of the actin gene (actF/actR) of the rubber plant
(HbActin) was also used as the control to confirm an equal amount of cDNA in all

samples. The primer for using as an internal marker in the rubber plant tissue was
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designed from the actin (GU270586.1) of H. brasiliensis previously used in genomics

work on rubber plants and submitted, to GenBank.

10) Comparative analysis of elicitin gene expression and virulence of
P. palmivora isolates
To establish the possible relation of the expression of elicitin gene and the
potency to infect the host, rubber plant, the expression level of this gene of each
P. palmivora isolate was compared with their virulence as observed in the corresponding

pathogenicity test described above.

Results and Discussion

Development of the diagnosis method to simultaneous detection of
Phytophthora spp. and P. palmivora

The primers used throughout this research, Phy1s/Phy2a and Pal1s/Pal2a to
identify and detect the genus Phytophthora and P. palmivora, respectively were
according to Tsai et al. (2006). Based on the alignment with the sequences submitted to
the NCBI database by nucleotide BLAST analysis and ClustalW (BioEdit), the binding
locations of each primer within the ITS1-5.8S rDNA-ITS2-28S rDNA region of
Phytophthora spp. and P. palmivora are shown in Fig. 2a and Fig. 2b.

Using the DNA extracted from the mycelia of the positive control P. palmivora
strain KBNM 9, maintained in our laboratory, as template, the PCRs using Phy1s/Phy2a
and Pal1s/Pal2a primers yielded a single band of approximately 1000 bp (Fig. 2c) and
650 bp (Fig. 2d), respectively. The obtained PCR products were purified, cloned and
sequenced. The results indicated that the fragments carried the ITS1-5.8S-ITS 2-28S
rDNA region of P. palmivora. The nucleotide sequences were deposited at the National
Center for Biotechnology GenBank (Accession number: JX863409 and HQ446453). The
PCR reactions were additionally performed using DNA from 3 Phytophthora spp.
including P. palmivora, P. botryosa and P. infestans and other fungi that are often found
in the environment, Penicillium funiculosum, A. niger, F. solani and C. gloeosporioides as
templates. The DNA fragments of approximately 1000 bp in length were obtained from
all tested Phytophthora spp. (Fig. 2c) while no amplification signal was detected when

PCR was performed using DNA from other fungal isolates indicating the specificity of
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the primer to the genus Phytophthora. The fragment of the expected length of
approximately 650 bp was obtained only when DNA from the positive strain P.

palmivora KBNM 9 was used indicating the species-specificity (Fig. 2d).

Fig. 2 Test for the primers used for detection the ITS region of Phytophthora spp. and
P. palmivora. The presumed sites that the primers Phy1s, Phy2a, Palls and Pal2a
match on the ITS rDNA region of P. palmivora (a) and the sites within the aligned
sequences of rDNA region of several fungi and Phytophthora spp. (b). Dash arrows
(---»and <« --) indicate Phy1s and Phy2a while thick arrows ( —»and <) refer to Palls
and Pal2a. Specificity test of the primer set; Phy1s/Phy2a (c) and Pal1s/Pal2a (d). PCR
was performed using DNA from Phytophthora spp. and other fungal isolates as the
templates. The amplified products were analyzed by electrophoresis on 1.5% agarose
gel with 0.5 pg/ml ethidium bromide. Lane 1: C. gloeosporioides; 2: A. niger;, 3:
Penicillium funiculosum; 4: F. solani; 5: P. botryosa; 6: P. infestans; 7: P. palmivora; 8:

water control and M: 100 bp Plus DNA Ladder (Vivantis).
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To reduce time course for simultaneously detection of Phytophthora spp. and
P. palmivora, the single round nested multiplex PCR using the primer set
Phy1s/Phy2a/Pal1s/Pal2a with the equal concentration were performed in the unique
PCR reaction. Two bands sizes approximately at 1000 bp and 650 bp were revealed.
Since the match site of the primer Phy1s on the ITS region is very close and covered
that of Palls (Fig. 2a and 2b), Palls was then eliminated and the 3 primers
Phy1s/Phy2/ Pal2a were instead used to perform the single round semi-nested multiplex
PCR. In order to evaluate the specificity of the single round semi-nested multiplex PCR
condition, the DNA from 3 various species belonging to the genus Phytophthora and
other fungi were used as templates. Only one band of 1000 bp was obtained from all
the tested Phytophthora spp. while there were two bands (1000 and 650 bp) revealed

when the template was DNA from P. palmivora (Fig. 3).

Fig. 3 Specificity of the single round semi-nested multiplex PCR. PCR using DNA from
Phytophthora spp. and other fungal isolates as the templates and the primer set
Phy1s/Phy2a/Pal2a was performed. Lane 1: C. gloeosporioides; 2: A. niger;, 3:
Penicillium funiculosum; 4: F. solani; 5: P. botryosa; 6: P. infestans; 7. P. palmivora; 8:
water control. The amplified products were analyzed by electrophoresis on 1.5%
agarose gel with 0.5 pg/ml ethidium bromide and M represents 100 bp Plus DNA
Ladder (Vivantis).

Screening of Phytophthora spp. and P. palmivora from the rubber plant
materials collected from rubber plantations in southern part of Thailand

Leaves and barks of the rubber plants exhibiting the symptoms of abnormal leaf

fall and black stripe were collected from the rubber plantations, in Songhkla, Satun and

Nakhon Si Thammarat, and transferred to the Department of Biochemistry, Faculty of

Science, Prince of Songkla University. These samples were surface sterilized and
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screened for the Phytophthora spp. and P. palmivora by growing the possibly infecting
fungi on selective medium (PDA Anti). The mycelia of all collected fungi were white to
light cream, however, the level of swell and growing character on selective medium
were different (Fig. 4). Each isolate of unknown fungi was coded and their names are
shown in Table 2. The fungi were subcultured weekly onto fresh PDA Anti medium for 3
times to test whether they could resist and alive on this medium. After growing on the
selective medium for 3-5 d, the mycelium of unknown fungi was then transferred into

the new PDA plate to maintain as the culture stock.

Fig. 4 The mycelium of unknown fungi, isolated from disease symptom expressing

materials in southern part of Thailand, growing on selective medium (PDA Anti).
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Table 2 The detail and name of unknown fungi isolated from diseased materials.

Province District Number of isolate Name

Songhkla Rattaphum 5 SKR2B1.1
SKR2B1.2
SKR2B1.3
SKR2B2.1

SKR2B2.2

Kuan nieng 7 SKK3L1.1
SKK3L1.2
SKK3L1.3
SKK3L1.4
SKK3L2.2
SKK3L2.3

SKK3L2.4

Sadao 7 SKS4L1.1
SKS4L1.3
SKS4L2.2
SKS4L2.3
SKS5B1
SKS5B2

SKS5L2

Satun Khuan kalong 6 ST1B1.3.1
ST1B1.3.2
ST1B2.4
ST1L2.2.1
ST1L2.4.1

ST1F0.3.2

Nakhon Si Thammarat Thung song 3 1.2
1.3
1.4




Identification of fungi isolated the from the rubber plant materials collected from
rubber plantations in southern part of Thailand
After being transferred to the new PDA plate and cultured for 7 d, the mycelium of
each isolate was collected for DNA extraction. The integrity of DNA from unknown
fungal mycelia was checked by spectrophotometry and agarose gel electrophoresis
(Fig. 5). Our developed single round semi-nested multiplex PCR using the obtained
DNA as template was performed to analyze whether that unknown fungus was belong
to the genus Phytophthora and P. palmivora. No band of interest at expected size was
visible as shown in Fig. 6. Therefore, these results revealed that any isolates was

Phytophthora spp. and P. palmivora.
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Fig. 5 The DNA extracted from the mycelium of unknown fungal isolates. The DNA were
analyzed by electrophoresis on 1.5% agarose gel with 0.5 ug/ml ethidium bromide and
M represents 1 kb DNA Marker (Vivantis). (a) Lane 1: 1.2; 2: 1.3; 3: 1.4: 4; SKS4L1.1;
5: SKS4L1.3; 6: SKS4L2.2; 7: SKS4L2.3; 8: SKS5B1: 9; SKS5B2: 10; SKS5L2; 11:
H,O. (b) Lane 1: ST1B1.3.1; 2: ST1B1.3.2; 3: ST1B2.4; 4: ST1L2.2.1; 5: ST1L2.4.1; 6:
ST1F0.3.2; 7: SKR2B1.1; 8: SKR2B1.2; 9: SKR2B1.3; 10: H,O. (c) Lane 1: SKK3L1.1;
2: SKK3L1.2; 3: SKK3L1.3; 4: SKK3L1.4; 5: SKK3L2.2; 6: SKK3L2.3; 7: SKK3L2.4; 8:
SKR2B2.1; 9: SKR2B2.2; 10: H,0.
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Fig. 6 The single round semi-nested multiplex PCR using DNA of unknown fungal
isolates. The DNA were analyzed by electrophoresis on 1.5% agarose gel with 0.5
pg/ml ethidium bromide and M represents 100 bp Plus DNA Ladder (Vivantis). (a) Lane
1: 1.2; 2: 1.3; 3: 1.4: 4; SKS4L1.1; 5: SKS4L1.3; 6: SKS4L2.2; 7: SKS4L2.3; 8:
SKS5B1: 9; SKS5B2: 10; SKS5L2; 11: H,O. (b) Lane 1: ST1B1.3.1; 2: ST1B1.3.2; 3:
ST1B2.4; 4: ST1L2.2.1; 5: ST1L2.4.1; 6: ST1F0.3.2; 7: SKR2B1.1; 8: SKR2B1.2; 9:
SKR2B1.3; 10: H,0. (c) Lane 1: SKK3L1.1; 2: SKK3L1.2; 3: SKK3L1.3; 4: SKK3L1.4; 5:
SKK3L2.2; 6: SKK3L2.3; 7: SKK3L2.4; 8: SKR2B2.1; 9: SKR2B2.2; 10: H,0; 11:
P. palmivora KBNM 9 (positive control).

To verify the genus or species probable of the fungal isolated, the ITS-rDNA
region was amplified by using the universal primer ITS1/ITS4 and DNA of each isolate
as template. In addition, PCR performing with the DNA of P. palmivora KBNM 9 as
template was also carried out. The PCR of the ITS regions using DNA of each isolate,
amplified by the mentioned universal primer set, yielded a single band sized varied in a
range of 500-600 bp (Fig. 7). The product size was approximately 900 bp when using
the DNA of P. palmivora (data not shown). The PCR products were purified and
sequenced. The obtained nucleotide sequences were subjected Blastn of NCBI to
identify the genus of our isolated fungi. Based on %ldentity of more than 90%, the
results revealed the ITS-rDNA region of possible genus of the unknown isolates. The
detail of each isolate was summarized in Table 3. However, one isolate could be
identified as more than one genus which might be due to the high conserve of the
nucleotide sequences within ITS region. More than one genus with close relation within
the same family could be revealed in one analyzed nucleotide sequence since the
studied ITS region, amplified by our selected primer ITS1/ITS4, may not be the genus-
or species-defining site. Overall, most of the fungi isolated here were Colletotrichum
gloeosporioides, Fusarium sp., Cercophora sp., Trichoderma sp. and Podospora sp.

Unfortunately that any of the Phytophthora genus and P. palmivora could not be
isolated from any diseased rubber plant tissues. The plausible explanation for the false
lies in the sampling disease expressing materials might not be caused by Phytophthora
or P. palmivora since the symptoms between diverse disease causing pathogens are
similar within the same or different genus (Drenth and Guest 2004; Ellis and Boehm

2008).
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Fig. 7 The PCR products amplified by the universal primer ITS1/ITS4 and using the
DNA of unknown fungal isolates as templates. The DNA were analyzed by
electrophoresis on 1.5% agarose gel with 0.5 pg/ml ethidium bromide and M represents
100 bp Plus DNA Ladder (Vivantis). (a) Lane 1: 1.2; 2: 1.3; 3: 1.4: 4; SKS4L1.1; 5:
SKS4L1.3; 6: SKS4L2.2; 7: SKS4L2.3; 8: SKS5B1: 9; SKS5B2: 10; SKS5L2; N: water
control. (b) Lane 1: ST1B1.3.1; 2: ST1B1.3.2; 3: ST1B2.4; 4: ST1L2.2.1; 5: ST1L2.4.1;
6: ST1F0.3.2; 7: SKR2B1.1; 8: SKR2B1.2; 9: SKR2B1.3; N: water control. (¢) Lane 1:
SKK3L1.1; 2: SKK3L1.2; 3: SKK3L1.3; 4: SKK3L1.4; 5: SKK3L2.2; 6: SKK3L2.3; 7:
SKK3L2.4; 8: SKR2B2.1; 9: SKR2B2.2; N: water control.
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Table 3 The possible genus of isolated unknown fungi revealed by the ITS-rDNA region

amplified by the universal primer ITS1/ITS4.

Province District Name of Possible genus and species
unknown (according to ITS-rDNA region)
isolate
Songhkla Rattaphum SKR2B1.1 Lasiodiplodia sp., L. theobromae, L. parva, L. rubropurpurea

Rhizoctonia bataticola
Botryosphaeria rhodina

SKR2B1.2 Lasiodiplodia sp., L. theobromae, L. parva, L. mahajangana
Botryosphaeria rhodina

SKR2B1.3 Fusarium sp., F. solani
Nectria ipomoeae, N. haematococca

SKR2B2.1 Trichoderma sp. T. piluliferum, T. harzianum, T. aureoviride
Hypocrea lixii, H. nigricans
Colletotrichum gloeosporioides

SKR2B2.2 Trichoderma sp., T. piluliferum, T. harzianum, T. harzianum,
T. tomentosum, T. atroviride
Colletotrichum gloeosporioides
Hypocrea nigricans, H. albocornea , H. lixii

Kuan nieng SKK3L1.1 Glomerella cingulata

Colletotrichum gloeosporioides, C. siamense

SKK3L1.2 Phomopsis sp., P. longicolla
Diaporthe sp., D. arctii

SKK3L1.3 Phomopsis sp., P. phyllanthicola, P. phoenicicola,
P. liquidambari, P. lagerstroemiae, P. eucommii
Diaporthe helianthi, D. ceratozamiae, D. eucalyptorum

SKK3L1.4 | Phomopsis sp.
Diaporthe sp., D. phaseolorum, D. eucalyptorum

SKK3L2.2 Myrothecium sp., M. masonii, M. roridum, M. lachastrae,
M. verrucaria
Hymenopsis sp.
Pteris ensiformis

SKK3L2.3 Phomopsis sp., P. longicolla, P. bougainvilleicola

Diaporthe arctii, D. phaseolorum,
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Province

District

Name of
unknown

isolate

Possible genus and species

(according to ITS-rDNA region)

SKK3L2.4

Fusarium oxysporum, F. subglutinans, F. proliferatum
Gibberella intermedia, G. moniliformis

Botryosphaeria dothidea

Sadao

SKS4L1.1

Cercophora coprophila, C. samala
Zopfiella tetraspora
Podospora austroamericana, P. setosa, P. anserina, P. comata

Chaetomium longicolleum

SKS4L1.3

Cercophora coprophila, C. salama
Podospora anserina, P. comata, P. setosa
Chaetomium longicolleum

Zopfiella longicaudata

SKS4L2.2

Cercophora coprophila, C. salama
Podospora austroamericana, P. anserina, P. comata, P. setosa,

Zopfiella tetraspora

SKS4L2.3

Cercophora coprophila, C. salama

Zopfiella tetraspora

Podospora comata, P. austroamericana, P. anserina, P. setosa
Apiosordaria backusii

Zopfiella longicaudata

Cladorrhinum phialophoroides

SKS5B1

Fusarium sp., F. oxysporum, F. equiseti, F. solani

SKS5B2

Cercophora coprophila, C. salama
Zopfiella tetraspora
Podospora anserina,P. comata, P. austroamericana,

P. anserina, P. setosa

SKS5L2

Cercophora coprophila, C. salama
Zopfiella tetraspora,

Podospora anserina, P. comata, P. austroamericana, P. setosa
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Province District Name of Possible genus and species
unknown (according to ITS-rDNA region)
isolate
Satun Khuan kalong ST1B1.3.1 | Fusarium sp., F. solani

Nectria haematococca

ST1B1.3.2 Fusarium sp., F. solani
Nectria haematococca

ST1B2.4 Trichoderma sp., T. koningiopsis, T. gamsii, T. ovalisporum,
T. intricatum
Hypocrea koningii

ST1L2.2.1 Acremonium sp., A. kiliense, A. strictum,
Sarocladium kiliense
Hypocreales sp.
Sigmoidea sp.
Phaeoacremonium tuscanum
Nectria mauritiicola

ST1L2.4.1 Fusarium sp., F. solani
Nectria haematococca
Trametes corrugata

ST1F0.3.2 Fusarium sp., F. solani
Nectria haematococca
Trametes corrugate

Nakhon Si Thung song 1.2 Fusarium sp., F. equiseti, F. chlamydosporum
Thammarat 1.3 Fusarium sp., F. equiseti
1.4 Fusarium sp., F. equiseti, F. oxysporum, F. incarnatum

Molecular cloning and sequence analysis of the cDNA encoding elecitin gene of

P. palmivora

Cloning of elecitin gene of P. palmivora (Ppal_Eli)

The elicitin ¢cDNA of P. palmivora (Ppal_Eli) was cloned by firstly obtained a

fragment of the gene through PCR amplification using a pair of primers (F_Elicitin and

R_Elicitin) (Table 1), designed from the conserved regions of elicitin gene in other

Phytophthora spp. Comparative analysis of nucleotide sequences of elicitin gene among

several species in the genus Phytophthora showed that the nucleotide sequences were
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highly conserved. The primer F_Elicitin and R_Elicitin were designed corresponding to
the highly conserved sequences of elicitin of P. palmivora (AY206986), P. rubi
(DQ012534), P. ramorum (DQ680026 and DQ229220), P. alni (DQ012517 and
DQ012512), P. capsici (AY206985), P. megasperma (AJ493606), P. cryptogea (Z34462)
and P. laterais (AY659654) submitted in the GenBank database. The product amplified
by F_Elicitin/R_Elicitin yield a single band sizes approximately 220 bp (Fig. 8). To
confirm our obtained fragment was a part of elicitin gene, the nucleotide sequence was
compared with the partial mMRNA of P. palmivora elicitin previously submitted in

GenBank accession number AY206986.

1000 —>

00 —>»

Fig. 8 The elicitin of P. palmivora amplified using the primer set F_Elicitin/R_Elicitin. The
PCR product of the elicitin cDNA analyzed by electrophoresis on 1.5% agarose gel with

0.5 pg/ml ethidium bromide compared with 100 bp Plus DNA Ladder (Vivantis).

After the Ppal Eli cDNA was obtained, 5' and 3' RACE approach was used to
gain the nucleotide sequence of both ends. A full length elicitin cDNA was reconstructed
from overlapping sequences. To confirm the correction of obtained sequence, the
information from both 5' and 3' ends was used to design a primer set for amplification of
a full length Ppal_Eli cDNA. The full length of Ppal_Eli was 485 bp in length (Fig. 9a)
and consisted of a sequence corresponding to a signal peptide. An open reading frame
(ORF) of elicitin gene of P. palmivora (Ppal_Eli) with or without the sequence of signal
peptide was later amplified. The full ORF fragment and ORF without signal peptide
(including the stop codon) sized approximately 357 bp and 297 bp, respectively as

shown in Fig. 9b. All these PCR products were also cloned and sequenced.
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Fig. 9 The elicitin gene of P. palmivora. (a) Full length of elicitin cDNA (start codon to
poly A tail) (Lane 1) compared with 100 bp Plus DNA Ladder (M, Vivantis). (b) ORF of
elicitin gene Lane 1: the full ORF (start codon to stop codon); Lane 2: ORF coding for
the mature protein (after that of signal peptide to stop codon) and Lane M: 100 bp DNA
Ladder (Vivantis). The PCR products were analyzed by electrophoresis on 1.5%

agarose gel with 0.5 ug/ml ethidium bromide.

Sequence analysis and molecular data of elecitin gene of P. palmivora
(Ppal_Eli)

BLAST analysis of the full length of Ppal_Eli, 485 bp, showed perfect match with
elicitin sequence from P. palmivora (AY206986) present in NCBI database. The
sequence was deposited in NBCI and the accession number is KJ530971 Moreover, the
Blast analysis of the sequence (accession number KJ530971) revealed a high similarity
with the elicitin from other Phytophthora spp. for example 90% Identity with acidic elicitin
(AE2) from P. alni (DQ012517.1) and RAM1B from P. ramorum (DQ229219), 89%
identity with acidic elicitin A1 from P. crypfogea (Z34462) and 87% ldentity with alpha
elicitin 1 from P. lateralis (DQ680028).

The full length cDNA sequence of Ppal _Eli revealed the presence of one ORF
consisting of 357 bp. The start and stop codons were located at positions 1 and 355,
respectively. The coding region of Ppal_Eli gene encoded for a protein of 118 deduced
amino acids (Fig. 10). The characterization of the ORF amino acid accomplished by its
comparison to amino acid sequences of elicitin from other Phytophthora species

showing only one signal peptide and an elicitin domain. The calculated molecular mass
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of Ppal_Eli protein was 12208.90 Da and a pl of 4.68 (Compute pl/MW program
available: http://web.expasy.org/compute_pi/).

Using the SignalP 4.1 server (http://www.cbs.dtu.dk/services/SignalP/), it
contained a predicted signal peptide of 20 amino acid from residues 1 to 20 (Met1 to
Ala20) and the cleavage site between Ala20 and Thr21. The molecular mass and pl
was reduced to 10228.59 Da and 4.23, respectively after signal peptide was removed
(Compute plI/MW program available: http://web.expasy.org/compute_pi/). The signal
peptide is highly conserved 18-20 amino acids sequence. Elicitins are synthesized as
pre-proteins which undergo post translational modifications through the removal of
signal peptide (Panabieres et al., 1997; Kamoun et al., 1997). InterproScan identified
one elicitin domain of 95 amino acid length from T21 to A116 (Fig. 11). This elicitin
protein lacked protein kinase C-dependent phosphorylation sites found in the C-terminal
region of basic elicitins (Ponchet et al., 1999).

The complete CDS of the mature protein, without signal peptide, of Ppal_Eli consisted
of 98 amino acids. The N-termianl of deduced amino acid sequence was identical with
that of palmivorein, a purified elicitin secreted by P. palmivora (Churngchow and
Rattarasarn, 2000; 2001). Moreover, the N terminal portion of deduced amino acid
sequence has Val at position 13 which are consistant with the class acidic alpha elicitins
(Huet et al., 1994) (Fig. 12). There has been reported that amino acid residue 13 is
correlated with necrotic activity of elicitins (Vijesh Kumar et al., 2013). The beta elicitins
contain a basic Lys residue, which is more necrotic, whereas alpha elicitins contain a
hydrophobic Val residue at this position instead (O’'Donohue et al., 1995).

Disulfide tool predicted the cysteine disulfide bonding state and connectivity as
follows: Cys3-Cys71, Cys27—Cys56 and Cy51-Cys95 which is a typical characteristic of
elicitin (Fig. 13). The even number of cysteine residues can induce defense response in
plants, and disulfide brigdes formed by the cysteine residues are essential for HR
induction and avirulence function (Laugé and De Wit, 1998; Von't Slot and Knogge,
2002). The disulfide bridges might enhance stability in the plant apoplast which known
to be rich in degradative proteases (Joosten et al., 1997).

Like other eliciitns, Ppal_Eli contains 9 Leu, 6 Cys and 3 Met while lacks Trp, His
and Arg (Vijesh Kumar et al., 2013).

The predicted 3-dimentional (3D) structure, by Phyre2 (http://www.sbg.bio.ic.ac.uk/
phyre2/html/page.cgi?id=index), of Ppal_Elicitin is shown in Fig. 14. The modeled
structure composed of 2 antiparallel sheet and 5 helices which was similar to those of

the predicted 3D model of other elicitins.
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Fig. 10 Nucleotide sequence and deduced amino acid sequence of the elicitin gene of

P. palmivora (Ppal_Eli). The predicted ORF is from 1 to 354 bp (the start and stop codon
are shown in bold letters). Start codon (ATG) and stop codon (TAA) are presented in bold

ATG AAC TTC CGC GCT CTG TTC GCC GCC ACC GTC GCC GCC CTC GTT
M N F R A L F A A T V A A L V
GGC TCC ACC TCC GCC ACC ACG TGC ACC ACC ACC CAG CAG ACT GCC
G S T S A T T C T T T Q Q T A
GCG TAC GTC GCG CTC GTG AGC ATT CTC TCG GAT TCATCT TTT AAC
A Y v A L v § | L S D S S F N
CAG TGC TCG ACG GAC TCG GGC TAC TCG ATG CTG ACG GCC ACC TCG
Q C s T D 8§ G Y S M L T A T S
CTC CCC ACC ACG GCC CAG TAC AAG CTC ATG TGC GCG TCG ACG GCT
L P T T A Q Y K L M C A S T A
TGC AAC ACG ATG ATC ACC AAG ATC GTG TCG CTC AAC CCG CCC GAC

C N T M | T K |1 vV S L N P P D
TGT GAG CTG ACG GTA CCA ACG AGC GGC CTG GTA ATC AAC GTCTAC
cC E L T v P T § G L V. 1 N vV Y

TCG TAC GCG AAC GGC TTC TCT GCT ACG TGT GCA TCG CTA TAA GCA
S Y A N G F S A T C A S L *

TGT ATA CAG CTT CAG CGC TTG CTG TTG TTG TCA CGC TCT TAA ATG

AAG GTG AAG GTT CAT GTG TTT AGA AAA AAA AAA AA 485

while the signal peptide is presented in box.

Fig. 11 Complete coding sequence of the putative protein Ppal_Eli, the elicitin of P. palmivora,

showing a leading signal sequence and a core elicitin domain.
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1 TTCTTTQQTAAYVALVSILSDSSFNQCSTDSGYSMLTATSLPTTAQYKLMCASTACNTMI
61 TKIVSLNPPDCELTVPTSGLVINVYSYANGFSATCASL

Fig. 12 Complete CDS of the mature protein (without signal peptide) of Ppal_Eli, the elicitin of

P. palmivora.
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Fig. 13 Cysteine disulfide bonding state and connectivity in the elicitin protein from

P. palmivora, Ppal_Eli.

Fig. 14 Predicted 3-dimentional (3D) structure of the elicitin protein from P. palmivora,

Ppal_Eli.
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Phylogenetic analysis of the elicitin Ppal_Eli sequence

To study the evolutionary relationship of elicitin, phylogenetic trees were
constructed based on both nucleotide sequence and amino acid sequence of the elicitin
from P. palmivora Ppal_Eli, and those of elicitin from other Phytophthora species. The
nucleotide and amino acid sequences of elicitins produced in the closely related genus
Pythium were used as outgroup. In the phylograms based on both nucleotide and amino
acid sequences, maximum likelihood (ML) with 1000 bootstraps (MEGAG6) was used for
tree construction. The constructed trees were used to base trees with the 3 major
clusters including Class I, Class Il and Class Ill. Elicitin like proteins belonging to
Pythium groups formed a separate cluster, as outgroup in the phylogenetic tree.

Our interested Pal _Eli were presented in Class |I. The nucleotide based
constructed tree showed high similarity with alpha (or acidic) elicitin of P. parasitica and
P. ramorum while the amino acid based tree showed closely relation with alpha elicitin
of capsicein, cambivorin and ram-1 produced in P. capsici, P. cambivora and P.
ramorum, respectively. Both phylogenetic trees therefore indicating that the protein
Pal_Eli was grouped in alpha elicitin (Fig. 15 and 16). The clade indication the acidic
protein was correlated to the predicted pl of the deduced amino acid. However, the
members of Class | could be divided into 2 groups; acidic and basic groups which is
clearer in the phylogram of amino acid data. The proteins belonging to Class | appeared
on separate cluster in the tree confirming the division of elicitins as acidic and basic
(Kumoun et al., 1997). The highly acidic elicitins containing a short hydrophobic C-
terminal tail were appeared on a distinct branch as class Il. The INF2A, INF2B, INF6,
INF5 and Y-megaspermin clustered as class Ill which consists of elicitin domain and O-
glycosylated domain.

Since elicitin, especially certain Class | elicitins, are also sterol carrier proteins
which bind sterols and lipids and catalyze their transfer between membranes (Mikes et
al.,, 1997; Vijesh Kumar et al., 2013). Binding of elicitin to ligands appears to be
essential for induction of a biological response in plant (Osman et al., 2001).Interaction
between the protein and ergosterol involves several residues, among which Try
residues are the most denoted (Boissy et al., 1999). Based on the close location
(Fig. 16) as well as 3D modeled structure similarity (Fig. 14) of our Ppal_Elicitin and
capsicein protein, we could conclude that there is the ergosterol binding site in

Ppal_Elicitin. Vijesh Kumar et al. (2013) reported that ergosterol binds to the groove
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located inside the gravity of capsicein via hydrogen bonding between ergosterol and

Tyrd7.

Fig. 15 Phylogenentic analysis based on nucleotide sequences of eliciitin cDNA from
P. palmivora, Ppal_Eli with elicitin gene from other Phytophthora spp. The elicitins-like gene in
the closely related genus Pythium were used as outgroup. The phylogenetic tree was
constructed via maximum likelihood (ML) with 1000 bootstraps, K2P and BioNJ algorithm
(MEGABG).
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Fig. 16 Phylogenentic analysis based on the deduced amino acid sequences of eliciitin from
P. palmivora, Ppal_Eli with elicitin from other Phytophthora spp. The amino acid sequences of
elicitins produced in the closely related genus Pythium were used as outgroup. The
phylogenetic tree was constructed via maximum likelihood (ML) with 1000 bootstraps, KTT

and BioNJ algorithm (MEGAG).

Virulence and pathogenecity of different isolates of P. palmivora
Subcultured from the KBNM 9 lineage after maintained in the sterile distilled
water since 2008, we noted 3 general colony morphologies; fast-growing, slow-growing
and very slow-growing. Subculture weekly from individual KBNM 9 isolate gave rise to
3 type morphologies, although the factors responsible for this variability are unknown.
Four isolates including one exhibiting very slow-growing (Ppal3), those 2 for slow

growing (Ppal1 and Ppal5) and another one for fast-growing (Ppal4) were selected for
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further studies. The mycelia of all isolates was white, however, there were some
characters varied between isolates such as the pattern growing on agar and the
sporangium morphology observed under microscope. The mycelia of each isolate
growing on PDA for 10 d are shown in Fig. 17.

However, the rate of growing as well as the mycelia present on Vg agar was
similar (data not shown). For more detail, we found that not only mycelium character,
sporangium production and zoospore releasing was also different, that are summarized
in Table 4. The zoospore released from each isolated was tested for its potent to infect

rubber leaves; the different in infection level was obviously observed (data not shown).

Fig. 17 Mycelium of various isolates obtained from P. palmivora KBNM 9 lineage growing on

PDA for 10 d.
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Table 4 The detail of various isolates obtained from P. palmivora KBNM 9 lineage.

Isolate Sporangium | Zoospore | Growing diameter on PDA (cm) Classification
production | releasing 4d 7d group
Ppal1 ++++ ++++ 3 6 Slow-growing
Ppal3 +++ ++ 3 4.5 Very slow growing
Ppal4 + + 4.5 7.5 Fast-growing
Ppal5 ++ ++ 4 6 Slow-growing

The rubber leaf pieces, sized 2x2 cmz, were stabbed (at the center) to make a
wound on the abaxial surface following by inoculated with the mycelium plug, on Vg
agar, of each isolate of P. palmivora (Papl1, Papl3, Papl4 or Papl5) on the wound. A
mycelium-free Vg agar was placed on the wounded leaf pieces as mock control while
only wounding was set as control. The different in necrotic size between various isolates
was observed (Table 5 and Panel a of Fig. 18 and Fig. 19). Ppal1l caused smallest
necrotic lesion sizes, average at 0.40 + 0.27 cm in diameter while Ppal5 which was also
in group of slow-growing showed a bit larger necrotic lesion with diameter of 0.59 +
0.19 cm. Fast growing group, Ppal4 caused 0.88 + 0.18 cm in diameter of necrosis.
Interestingly Ppal3, grouped as very slow-growing on the medium, induced largest
lesion size at approximately 0.98 + 0.47 cm. To improve the vision of necrotic lesion,
chlorophyll was removed from the leaf tissue by boiling the leaf pieces in 95% (v/v)
ethanol. We observed that the necrosis lesion appeared were corresponded to those of
the measured diameter size mentioned previously (Table 5 and Panel b of Fig. 18). Cell
death was also monitored in untreated and mycelium inoculated leaves by trypan blue
staining and the dead cells were monitored as blue color. As expected, Ppal3 induced
expanded largest cell death more than those caused by Ppal4 followed by Ppal5 and
Ppal1, respectively (Panel b of Fig. 19).

According to the necrotic lesion and cell death together, among the tested
strains of P. palmivora the results indicating that Ppal3 expressed the most virulence
followed by Ppal4 while Ppal5 and Ppal1 showed the similar virulent level. However, the
relationship between the rate of growing on the medium, sporangium production,

zoospore releasing and virulence was still unclear.
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Table 5 Necrotic lesion size on rubber leaf pieces treated with mycelium plug of various

isolates of P. palmivora.

Isolate Classification group Diameter of necrotic lesion size (cm)
Ppal1 Slow-growing 0.40 + 0.27
Ppal3 Very slow growing 0.98 + 0.47
Ppal4 Fast-growing 0.88 + 0.18
Ppal5 Slow-growing 0.59 + 0.19

Fig. 18 Pathogenecity (necrosis and cleared necrotic leaion) of various isolates obtained from
P. palmivora KBNM 9 lineage. (a) Necrosis and (b) cleared necrotic lesion, obtained after
removing of the chlorophyll, on rubber leaf pieces inoculated with the mycelium plug of
various isolates for 24 h. Only wounding was set as control whereas the mycelium-free Vg

agar was used as mock control.
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Fig. 19 Pathogenecity of various isolates obtained from P. palmivora KBNM 9 lineage
detected by necrosis and cell death observation on rubber leaf pieces inoculated with the

mycelium plug of various isolates obtained from P. palmivora KBNM 9 lineage for 24 h. (a)
Necrosis observed by naked eye and photographed and (b) cell death observed after
staining with trypan blue. Only wounding was set as control whereas the mycelium-free

Vg agar was used as mock control.

The in vitro and in palnta expression level of elicitin gene (Ppal_Eli) in various
P. palmivora isolates
The expression level of elicitin Ppal_Eli gene was analyzed via semi-quantitative
RT-PCR. Total RNA was extracted from the mycelia and rubber leaf tissue infected with
mycelia of each isolate for in vitro and in planta analysis, respectively.
The in vitro elicitin gene expression was shown in Fig. 20. The highest relative
expression level was detected in Ppal1 followed by Ppal3 and Ppal4 while it was lowest

in Ppal5.
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Fig. 20 In vitro expression level of Ppal_Eli elicitin gene. The elicitin gene was analyzed in the
mycelium of Ppal1, Ppal3, Ppald or Ppal5 cultured in Vg medium for 7 d. The elicitin
expression level was revealed normalized by the expression level of internal marker

P. palmivora actin gene.

Since the treated- and untreated-leaf samples were collected 24 h after
mycelium inoculation, the occurrence of infected and growing pathogen in the leaves
was consequently small as the faint band of P. palmivora actin gene was observed.
Moreover, the level of Ppal Eli elicitin gene expression seemed to be very low since it
could be detected when PCR was performed with great amount of cDNA template and
using elevated cycle number, 40 cycles. The expression values of reported elicitin gene
expression were calculated from its band intensity normalized to that of the internal
marker actin gene as shown in Fig. 21. The result showed that in planta elicitin
expression level was highest in the Ppal4 treatment while Ppal3 expressed lower level
of elicitin gene. However, very small amount of elicitin gene was revealed in the leaves

treated with Ppal1 and Ppal5.
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Fig. 21 In planta expression level of Ppal_Eli elicitin gene in the rubber leaf tissues treated or
untreated with the mycelium of various isolates of P. palmivora. The rubber leaf pieces were
untreated, mock and treated with mycelium plug of Ppal1, Ppal3, Ppal4 or Ppal5 for 24 h. The
elicitin expression level was revealed normalized by the expression level of internal marker
P. palmivora actin gene. The actin gene of H. brasiliensis (HbActin) was used to verify the

equal amount of template.

Comparative analysis of elicitin gene expression and virulence of various
isolates of P. palmivora
To establish the possible correlation between the expression of elicitin gene
(Ppal_EIli) and the potency to infect the rubber host plant, the in vitro and in planta
expression level of this gene in each P. palmivora isolate was compared with their
virulence as observed in the corresponding necrosis mentioned above together with the

important characters (Table 6).
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Table 6 Character, necrosis induction

various isolates of P. palmivora.

potency and elicitin gene expression level in

necrosis Relative elicitin Relative elicitin
Sporangium Zoospore
Isolate Group size gene expression | gene expression
production releasing
(cm) (in vitro) (in panta)
Ppal_1 Slow-growing ++++ ++++ 0.40 + 0.27 1.3 0.46
Ppal_3 Very slow growing +++ ++ 0.98 + 047 1.25 0.67
Ppal_4 Fast-growing + + 0.88 + 0.18 0.78 0.80
Ppal_5 Slow-growing ++ ++ 0.59 + 0.19 0.56 0.44

The results in this study revealed that the involvement of elicitin and virulent
pathogenecity is still unclear. The trend of positively related was denoted, since Ppal Eli
gene expressed in planta in high level in isolate Ppal3 and Ppal4, which induced
expanded necrosis while the elicitin gene expression was lower in Ppall and Ppal5
corresponding to the small necrotic lesions they induced. We could not observe any
relationship between in vitro elicitin gene expression and virulence; conversely, it was
seemed to be involved in the sporangium production and zoospore releasing as in
Ppal1 and Ppal3. Therefore, based on our data it could not conclude for the role or
involvement of elicitin in pathogen virulence.

Further studies are needed to determine any additional factors that may directly
influence its activity or the kinetics of this gene expression during it growth in medium or
in host plant. Since elicitin gene expression in both P. parasitica (Colas et al., 2001) and
P. infestans (Kamoun et al., 1997) was down-regulated during plant infection.
Furthermore, Horta et al. (2008) observed a decline in elicitin expression in 15 day-old
cultures, suggesting that the elicitin expression is maximized during activate mycelium
growth.

Many reports have suggested that the mechanistic basis of any elicitin-
associated pathogenecity in Phytophthora is until recently controversial, as it has been
observed that they can act either as virulence or avirulence factors. For example, it has
been suggested that elicitins are non-specific toxins capable of inducing necrosis in any
plant species (Huet et al., 1994; Pernollet et al., 1993), perhaps associated with lipid
membrane disruption (Nespoulos et al., 1999). While other authors have shown that

necrosis is restricted to specific plant species or cultivars (Kamoun et al., 1997). A
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number of studies have suggested that elicitins are not required for Phytophthora
virulence. For example, Ricci et al. (1992) found that virulent isolates of P. parasitica do
not produce the elicitin in culture and Kamoun et al. (1998) showed that silencing of the
elicitin (INF1) gene enhanced virulence of P. infestans in Nicotiana benthamiana.
Fleischmann et al. (2005) found that alpha elicitin gene expression peaks at the onset of
host necrosis and the onset of sporulation, they thus speculate the role of alpha elicitins
is connected with the process of sporulation and/or pathogen survival under saprophytic
conditions. Conversely,

It is possible that pathogenesis involves 2 components: (1) a slow or incomplete
HR-like response by the host that, although it cannot limit pathogen colonization, leads
to cell death and/or physiological impairment, and (2) the role of elicitins on
Phytophthora growth and colonization in planta. In regard to the latter, elicitins appear to
be necessary for the acquisition of plant sterols by Phytophthora spp., which are
necessary for spore production and hyphal growth (Horta et al., 2008; Ponchet et al.,
1999). More work is clearly needed to identify the full role and mechanism(s), of the

certain family in Phytophthora spp. pathogenecity and disease development.
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Abstract

Phytophthora spp. cause devastating effects on crops and natural ecosystems worldwide. In
Thailand, P. palmivora is an important pathogenic species of the rubber plant (Hevea
brasiliensis) reducing latex production. This study aimed to develop a PCR-based method to
rapidly and simultaneously detect the genus Phytophthora and P. palmivora. Two selected
primer pairs, Phyls/Phy2a and Palls/Pal2a, were tested for their specificities. The nucleotide
sequences revealed that the amplified products of 1000 bp and 650 bp represented the ITS1-
5.8S-ITS 2-28S region of the genus Phythophthora and P. palmivora, respectively. A single
round nested multiplex PCR with 4 primers, Phyls/Phy2a/Palls/Pal2a, and a single round
semi-nested multiplex PCR using 3 primers, Phyls/Phy2a/Pal2a, were established. By using
the various amounts of DNA from a control strain P. palmivora KBNM 9 as well as the
vector containing ITS region as templates; the sensitivity of these methods was studied
compared to the simple PCR method. The single round semi-nested multiplex PCR was
further focused because of its sensitivity, more rapidity, less contamination risk and cost. This
method was tested to detect P. palmivora in infected leaf tissue and soil. It could be further
applied to rapidly diagnose Phytophthora spp. and P. palmivora in naturally diseased plant
materials, soil and water. This diagnostic method may be valuable for the detection and

management efforts with diseases of other crops.

Introduction

Hevea brasiliensis (Wild.) Muell.-Arg. or the rubber plant is an economically important crop
in Thailand; its product latex is a major Thai export. At present, South East Asia especially
Thailand, Indonesia and Malaysia are the main sources of natural rubber. One consequence of
the frequent tapping to collect the latex is that infections occur at the tapping wound sites.

This problem is common in the southern part of Thailand where the humidity and
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temperature is high and conducive for pathogen growth and disease development. In
Thailand, RRIM600 is the commonly used plantation cultivar because of its high-yield of
latex but this cultivar is highly susceptible to Phythophthora pathogens.

Phytophthora leaf disease, caused by members of the oomycete Phytophthora spp., is
by far the most important disease of the rubber tree. Phytophthora spp. described as
pathogens of the rubber tree include P. palmivora, P. botryosa, P. heveae, P. meadii and P.
parasitica. In the south of Thailand P. palmivora and P. botryosa are the most frequently
isolated pathogens that cause black stripe, green pod rot and abnormal leaf fall (Butler 1996;
Erwin and Ribeiro 1996). P. palmivora attacks the petioles causing mature leaves to fall
prematurely and also attacks the tapping surface resulting in reduced latex production.

A rapid and accurate microbial identification method is essential for an inspection and
survey program that will allow for an early detection of any pathogen. Conventionally,
diagnosis of the Phytophthora disease has been performed by isolation of pure cultures of
Phytophthora from diseased plants follow by identification based on morphological
characterization. A definitive diagnosis for the plant pathogen using these traditional tests
requires substantial experience in species differentiation within the genus Phytophthora.
Moreover, there are difficulties in using phenotypic taxonomic characteristics in that there is
overlap between some species, and significant variations regularly occur among isolates of
the same species (Erwin and Ribeiro 1996; Appiah et al. 2004; Cooke et al. 2007). Nowadays
molecular methods allow more accurate species identification and detection of the pathogens.

Many species of Phytophthora can now be identified using their unique DNA
sequences in the internal transcribed spacer (ITS) regions of their nuclear ribosomal DNA
(rDNA) repeat region (Cooke and Duncan 1997; Drenth and Irwin 2001; Winton and Hansen
2001; Chimento et al. 2005). Recently, the polymerase chain reaction (PCR) has been used

extensively for detection of plant pathogens (Martin et al. 2000; 2004; Ward et al. 2004).



©CoO~NOUITA,WNPE

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

JPH Manuscript Proof

There are several advantages of PCR based detection methods over the traditional diagnosis
methods; for example, microorganisms do not need to be cultured, it is more reliable,sensitive
and rapid (Cooke et al. 2007). The PCR-based methods include conventional PCR and
quantitative real-time PCR. These methods have been reported as being effective for a
number of Phytophthora species (Drenth and Irwin 2001; Winton and Hansen 2001; loos et
al. 2005; Hayden et al. 2006; Schena et al. 2006; Lees et al. 2012). Nested PCR, a two-step
system in which the first round PCR product is subjected to a second PCR amplification, is
widely used to detect fungal plant pathogens due to its greater specificity (Ippolito et al.
2002). The sensitivity of this technique also allows the detection of the target pathogen in
minute amounts of infected material (Renker et al. 2003; Alaniz et al. 2009). However this
method is time consuming, expensive and labor intensive as it requires separate PCR
reactions and additionally increases the risks of false positive due to cross contamination
(Cooke et al. 2007). Multiplex PCR approach is an alternative tool to detect several
pathogens simultaneously and reduce the time spent, costs and contamination risk. Multiplex
PCR utilizes a single reaction with several primer pairs, each generating an amplicon that can
be separated and visualized through electrophoresis (Chamberlain et al. 1988). This technique
has been used extensively in plant pathology as it permits the identification of more than one
target in a unique reaction (Winton and Hensen 2001: Schena et al. 2006: Boureau et al.
2013).

PCR-based methods have been utilized worldwide in order to identify and detect P.
palmivora such as in orchids (Tsai et al. 2006), important plants in Australia (Drenth and
Irwin 2001), coconut (Chowdappa et al. 2003) and citrus (Bowman et al. 2007). However,
rapid identification and diagnosis of the major Phytophthora species in particular P.
palmivora that cause leaf fall and black stripe of rubber tree is limited. The objective of this

study was to develop a PCR based assay to detect Phytophthora spp. and specifically P.
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palmivora. This was attempted by the development of the single round semi-nested multiplex
PCR method to assist in the early diagnosis of rubber disease caused by Phytophthora spp.

and to simultaneously verify that the causative species was P. palmivora in one reaction.

Materials and Methods

Phytophthora spp. and fungal culture and growth conditions

Two isolates of Phytophthora spp., P. palmivora named KBNM 9 which had been previously
isolated from rubber trees showing disease symptoms (Churngchow and Rattarasarn 2000)
and P. botryosa, were provided from the Songkhla Rubber Research Center, Songkhla,
Thailand. Penicillium funiculosum (TISTR 3563), Aspergillus niger (TISTR 3254), Fusarium
solani (TISTR 3436) and Colletotrichum gloeosporioides were obtained from the Thailand
Institute of Scientific and Technological Research, Thailand. For the isolation of DNA, each
isolate was grown in potato dextrose broth (PDB, Difco Laboratories, USA) at 25°C for 7 —

10 d. The mycelia were harvested and frozen at -80°C until used.

Preparation of zoospores of P. palmivora

Zoospore suspension of P. palmivora was prepared following the method of
Chirapongsatonkul et al. (2008). Plugs cut from the edge of the culture were transferred to a
Vg agar plate. Five d later, the growing mycelium was chilled using sterile water (8 — 10°C)
for 15 min and zoospores were collected 30 min later. The amount of zoospore was counted
using haemocytometer. The concentration of zoospore suspension was adjusted to 5x10°
zoospores/ml with sterile distilled water. The suspensions were used within 30 min before

encystment and germination could occur.
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Plant materials and soil samples

Detached healthy rubber leaves from 3 individual plants were placed in a Petri dish
containing 10 ml of the zoospore suspension or sterile distilled water as the control. After the
abaxial surface of each leaf was placed facing the zoospores for 1 h, all leaves were rinsed
with sterile distilled water then placed on moist Whatman paper. The inoculated leaves were
kept at 25°C under 12 h of daylight. Both the zoospore treated- and control leaves were
collected at 12 and 24 h and kept at -80°C for DNA extraction.

Twenty, 6 week-old rubber seedlings were divided into 2 groups, untreated control
and zoospore-treated group. The seedlings were sprayed with the zoospore suspension or
sterile distilled water. All seedlings were kept in a moist controlled plastic bag, with a relative
humidity of 70 — 80%, at 25°C under 12 h of daylight to support the pathogen growth. The
leaves were collected and pooled from 5 plants 12 and 24 h after treatment and kept at -80°C
for DNA extraction.

Commercial soil (Din Lum Duan, Thailand), bought from the garden supplies shop,
was sterilized by autoclaving before being divided for the 2 treatments. For the P. palmivora
treatment, 10 plugs cut from the edge of the growing mycelium after being cultured on PDA
for 7 d were inoculated in 25 g of sterilized soil. Both treated- and control soils were kept in
moist controlled plastic bag for a week. Agar plugs were removed from the infested soil prior

to storing the soil at -80°C for DNA extraction.

Isolation of DNA

DNA of the mycelia of the fungi listed above, plant tissues and soil (50 — 100 mg of each
sample) was extracted and purified using the NucleoSpin® Plant II Kit (Macherey-Nagel,
Germany) according to the supplied protocol from the manufacturer. DNA of P. infestans

was kindly provided by Ms. Waraporn Prakob, ex-staff of Department of Entomology and
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Plant Pathology, Faculty of Agriculture, Chiang Mai University. The concentration of DNA

was determined spectrophotometrically.

Primers for Phytophthora spp. and P. palmivora

Two sets of primers, specific to the Phytophthora genus (Phyls/Phy2a) and to P. palmivora
(Palls/Pal2a), used throughout this study were based on the report of Tsai et al. (2006). The
nucleotide sequences of primers and expected product sizes are shown in Table 1. The primer
used as an internal marker in the rubber plant tissue was designed from the actin gene

(GU270586.1) of H. brasiliensis.

Primer specificity

The primer pair covering the Phytophthora genus (Phyls/Phy2a), and those specific to P.
palmivora (Palls/Pal2a) were tested for their specificities by using DNA templates from
some fungi or Phytophthora spp. as mentioned previously. To check whether these primers
could amplify other non-target genes from the rubber plant, a PCR reaction using the DNA
from healthy rubber plant tissues was carried out. The actin primer pair (actF/actR),
amplifying actin gene of rubber plant, was used as internal control. PCRs were performed in
a 25 ul reaction mixture containing EmeraldAmp® GT PCR Master Mix (Takara Bio Inc.,
Japan), DNA template, forward and reverse primers at the final concentration of 0.4 pM
each. The PCR reactions were run on a Techne TC-512 Gradient Thermal Cyclers (Bibby
Scientific Limited, UK). The PCR conditions were as follows: denaturation at 94°C for 5
min, followed by 30 — 35 cycles of 1 min at 95°C, 1 min at 55°C, 1 min at 72°C, and a final
extension at 72°C for 10 min. PCR amplified products were analyzed by electrophoresis on
1.5% (w/v) agarose gel with 0.5 pg/ml ethidium bromide in 1x TAE. The fragment sizes

were estimated by comparison with a 100 bp Plus DNA Ladder (Vivantis Technologies Sdn.
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Bhd, Malaysia). The PCR products from each primer pair were cut from the gel, purified
using QIAquick Gel Extraction Kit (Qiagen, Singapore), ligated and transformed into
Escherichia coli Topl0 cells. Purified plasmids were bidirectional sequenced directly, using

the dye-terminator cycle-sequencing reaction (Applied Biosystems, USA).

Single round nested multiplex PCR and single round semi-nested multiplex PCR
The single round nested and semi-nested multiplex PCRs were carried out using the set of
primers Phyls/Phy2a/Palls/Pal2a and Phyls/Phy2a/Pal2a, respectively and the DNA
extracted from P. palmivora at approximately 20 ng was used as the template. These PCRs
were performed in 25 pl reaction using EmeraldAmp® GT PCR Master Mix under the
described PCR procedures. Each primer was used at a final concentration of 0.4 uM. The
primer concentration was optimized to increase the efficiency of the single round semi-nested
multiplex PCR amplification efficiency by adding 0.4 — 0.05 uM for Pal2a while Phyls and
Phy2a were fixed at 0.4 uM in 25 pl PCR reaction mix using the same PCR condition. No
template (negative control, water) was run in each experiment. PCR amplified products were
analyzed by electrophoresis as previously described.

The specificity of the single round nested multiplex PCR and the single round semi-

nested multiplex PCR were examined by amplification of the positive and negative controls.

Sensitivity test

The sensitivity of the single round semi-nested multiplex PCR was determined by comparing
between the simple PCR and the single round nested multiplex PCR by using various
amounts of target DNA at 40, 8 and 4 ng, 800, 400 and 40 pg. Ten-fold serial dilutions (1 to
10%) of cloned vectors containing ITS region of P. palmivora were also used as templates.

The PCR conditions for all reactions were as previously described.
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Detection of P. palmivora in the infected rubber leaves and soil

The single round semi-nested multiplex PCR protocol was tested to amplify the DNA
samples extracted from the zoospore treated- and untreated detached rubber leaves, rubber
seedlings and soil. The DNA extracted from plant materials collected from the naturally
planted rubber trees expressing leaf fall or black stripe were also used as templates. These
samples were included to ensure that the assay can detect Phytophthora spp. and P.

palmivora in infected plant tissues, as well as in soil.

Results

Primer design and specificity

The primers used throughout this research, Phyls/Phy2a and Palls/Pal2a to identify and
detect Phytophthora spp. and P. palmivora, respectively were according to Tsai et al. (2006).
Based on the alignment with the sequences submitted to the NCBI database by nucleotide
BLAST analysis and ClustalW (BioEdit), the binding locations of each primer within the
ITS1-5.8S rDNA-ITS2-28S rDNA region of Phytophthora spp. and P. palmivora are shown
in Fig. 1a.

The DNA extracted from the mycelia of the positive control P. palmivora strain
KBNM 9 was used as template to test for the specificity of selected primers. The PCRs using
Phy1s/Phy2a and Palls/Pal2a primers yielded a single band of approximately 1000 bp (Fig.
1b) and 650 bp (Fig. 1c), respectively. The obtained PCR products were purified, cloned and
sequenced. The results indicated that the fragments carried the ITS1-5.8S-ITS 2-28S rDNA
region of P. palmivora. The nucleotide sequences were deposited at the National Center for
Biotechnology GenBank (Accession Number: JX863409 and HQ446453). The PCR reactions

were additionally performed using DNA from 3 Phytophthora spp. including P. palmivora,
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P. botryosa and P. infestans and other fungi, Penicillium funiculosum, A. niger, F. solani and
C. gloeosporioides as templates. The analysis of the amplified products showed that DNA
fragments of approximately 1000 bp in length were obtained from all tested Phytophthora
spp. (Fig. 1b). No amplification signal was detected when PCR was performed using DNA
from other fungal isolates indicating the specificity of the primer to the genus Phytophthora.
The fragment of the expected length of approximately 650 bp was obtained only when DNA

from P. palmivora KBNM 9 was used indicating the species-specificity (Fig. 1c).

The single round nested multiplex and single round semi-nested multiplex PCR
By mean of primers used in this study, our multiplex PCR was similar to the nested PCR but
there was no need to perform the first and secondary amplification separately as in normal
nested PCR, it was thus named single round nested multiplex PCR. In this condition, the
primer set Phyls/Phy2a/Palls/Pal2a with the equal concentration were used in the unique
PCR reaction. Two bands sizes approximately 1000 bp and 650 bp were revealed, however,
the smaller band (sized 650 bp) seemed to be better amplified when using 20 ng of DNA
from P. palmivora mycelia as template (Fig. 2a Lane 1). Since the match site of the primer
Phyls on the ITS region is very close and covered that of Palls, Palls was then eliminated
and the 3 primers Phyls, Phy2a and Pal2a were used to perform the single round semi-nested
multiplex PCR. Moreover, to obtain the clear 2 bands with equal intensity, the single round
semi-nested multiplex PCRs were carried out by varying the concentrations of each primer
when the DNA template was fixed (Fig. 2a). The suitable final concentration of the primers
were 0.4 uM, 0.4 uM and 0.075 uM for Phyls, Phy2a and Pal 2a, respectively (Fig. 2a Lane
5).

To evaluate the specificity of the single round semi-nested multiplex PCR condition,

the reaction was performed using the mentioned optimal condition and DNA from 3 various

10

Page 10 of 26



Page 11 of 26

©CoO~NOUITA,WNPE

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

JPH Manuscript Proof

species belonging to the genus Phytophthora and other fungi as templates. Only one band of
1000 bp was obtained from all the tested Phytophthora spp. while there were two bands

(1000 and 650 bp) revealed when the template was DNA from P. palmivora (Fig. 2b).

Sensitivity test of the single round semi-nested multiplex PCR
The sensitivity of our developed single round semi-nested multiplex PCR was determined
compared with those of the conventional PCR for the detection of Phytophthora spp. and P.
palmivora as well as the single round nested multiplex PCR. The results revealed that all
methods could detect P. palmivora in a dose-dependent manner comparable to the
concentrations of the DNA template (Fig. 3). The faint bands, representing the lowest amount
of DNA detected, were observed in both simple PCRs at 40 pg of DNA template (Fig. 3a
Lane 6 and 3b Lane 6). For the single round nested multiplex PCR, the smaller bands (sized
650 bp representing the species-specific P. palmivora) were denser and in addition when the
DNA templates were lower than 4 ng, the 1000 bp band (representing the genus
Phytophthora) was hardly observed (Fig. 3¢ Lane 4 — 6). The single round semi-nested
multiplex PCR showed equal intensity of bands sized 650 bp and 1000 bp in the template
ranged between 40 ng and 4 ng (Fig. 3d, Lane 1 — 3). With low DNA amount, the smaller
band became denser than those of the larger one (Fig. 3d, Lane 4 and 5). According to the
results, the comparative sensitivities of the single round semi-nested multiplex PCR and the
simple PCR revealed that both methods showed the same detection limit of 40 pg of template
tested.

The sensitivity was tested by using the 10-fold serial-dilutions of the vector contained
ITS region of P. palmivora. The positive signal was detected at 1 to 10~ dilutions by the
single round semi-nested multiplex PCR (Fig. 3f) which was similar to those from the simple

PCR methods (data not shown). It seemed that only one band of 650 bp was observed in the

11
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low amount of template for the single round nested multiplex PCR (Fig. 3e) comparable with

the result when using various DNA amounts as templates.

Detection of P. palmivora in the infected rubber leaves and soil by the single round semi-
nested multiplex PCR

To verify whether the single round semi-nested multiplex PCR protocol can detect P.
palmivora in the infected materials, the DNAs extracted from the zoospore treated- and
untreated rubber plants and soil were used as templates. The PCR using the primer of the
actin gene (actF/actR) of the rubber plant was used as the control to confirm an equal amount
of DNA in all samples. There was the band sized approximately 650 bp detected in the 12 h
zoospore treated leaves while clear 2 bands were present in the detached leaves and soil
treated with zoospore for 24 h (Fig. 4a). However, there was only faint band sized 650 bp
visualized in the samples collected from the 12 h and 24 h zoospore treated seedlings (Fig.
4b). No visible band in the control untreated plant samples and soil DNA amplified with

Phyls/Phy2a/Pal2a in the single round semi-nested multiplex PCR.

Discussion
This report describes the development and application of a single round semi-nested
multiplex PCR assay to detect simultaneously Phytophthora spp. and P. palmivora, the
important pathogens of rubber trees. This technique is simple, rapid, efficient, and cost-
effective and additionally greatly reduces the risk of contamination by performing the entire
test in a single tube. This assay allows detection of multiple pathogens in a one reaction,
which helps manage the reagent costs, time consuming and labor requirements.

Because the primer sets to specifically detect Phytophthora spp. and P. palmivora are

available, the primers used throughout this research were according to Tsai et al. (2006). The
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primer sets were first tested for the specificity by the conventional PCR method using the
DNA of P. palmivora as the template. The bands sized 1000 bp amplified by Phyls/Phy2a
(Fig. 1b) and sized 650 bp (Fig. 1c) amplified by Palls/Pal2a representing the genus
Phytophthora and P. palmivora, respectively. Analysis of the obtained PCR products by
Blastn of NCBI indicated that the fragments carried the ITS1-5.8S-ITS2-28S rDNA region of
P. palmivora; in addition, the best hits of all sequences were ribosomal ITS sequences
obtained from the same species by other laboratories (data not shown). No amplification
product was detected when PCR was performed using DNA from other tested fungal isolates
indicating the specificity of the used primer set towards their respective targets. Moreover, no
PCR band amplified by both Phyls/Phy2a and Palls/Pal2a when using the DNA from rubber
plant as template suggesting that these primers could not amplify any gene in the tested host
genome (data not shown).

The single round nested multiplex PCR was developed. There would typically be 2
bands produced, sizes at 1000 bp and 650 bp when the primer sets Phyls/Phy2a and
Palls/Pal2a were used together in the unique PCR reaction. The result showed that the
smaller band (sized 650 bp) seemed to be better amplified (Fig. 2a Lane 1). This phenomenon
may be due to the PCR product amplified by Phyls/Phy2a (1000 bp) could also be the
template for Palls/Pal2a. Another possible reason is that the template bound with these two
primer sets are coverring in the same region, the primer Palls/Pal2a could probably better
compete and bind to the template. Since the match site of the primer Phyls on the ITS region
is very close and covered that of Palls, the single round semi-nested multiplex PCR which
eliminated the primer Palls was further focused to reduce the cost. The primer Phyls could
therefore involve in the amplification of both 2 bands while Phy2a and Pal2a produced either

only the 1000 bp and 650 bp band, respectively. To obtain the clear 2 bands with equal
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intensity in the single round semi-nested multiplex PCR, we found that the final
concentration of primer Pal2a should be lower than those of Phyls and Phy2a.

However, some reseachers have mentioned to avoid the use of nested primers in
multiplex PCRs since there may contribute either false-postive results due to carryover
contamination or false-negative results due to the reaction failure (Kwok and Higuchi, 1989;
Vangrysperre and Clercq, 1996; Elnifro et al., 2000). The results showed the specificity of
our single round semi-nested multiplex PCR procedure since there was no false-positive and
false-negative as no band, only 1 and 2 bands occurred when templates were those of other
fungi, Phytophthora spp. and P. palmivora, respectively (Fig. 2b). This result confirmed the
specificity of the developed PCR procedure and thus supported its application for
simultaneous detection of the target pathogens.

The comparative sensitivity of our developed single round semi-nested multiplex PCR
was determined compared with the conventional PCR and the single round nested multiplex
PCR. The PCRs were performed using various amounts of DNA extracted from the mycelia
of P. palmivora (40 ng — 4 pg) and the 10-fold serial-dilutions of the vector contained ITS
region of P. palmivora (1 to 10 dilutions) as templates. The results revealed that all methods
could detect the presence of P. palmivora in a dose-dependent manner (Fig. 3). The
sensitivity of the single round semi-nested multiplex PCR was similar to those of the simple
conventional PCR. However, when the amounts of templates were low in the single round
nested and semi-nested multiplex PCRs, the smaller bands (sized 650 bp representing the
species-specific P. palmivora) were denser than those of the 1000 bp bands (Fig. 3¢ and 3d).
This may be due to some of the larger band could be used as the template to produce the
smaller one as discussed earlier, the opportunity to produce the smaller band was thus higher

so its level was consequently increased.
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The developed single round semi-nested multiplex PCR protocol was determined
whether it can detect P. palmivora in plant materials and soil. The positive results were only
obtained in the inoculated samples, however, there was only faint band sized 650 bp
visualized in the some samples as shown in Fig. 4. This evidence was comparable with the
sensitivity analysis discussed earlier. Only smaller band could be observed when there was
small amount of P. pal/mivora. Even only 650 bp band detected, it implied that there was the
ITS region of P. palmivora representing the genus Phytophthora and the species P.
palmivora in the DNA template. In addition, the observed bands implying the amount of
pathogen were corresponding with the progression of the pathogen growth as could be seen
by the necrotic symptoms and lesions. In our experiments, the detached leaves showed more
necroses than those of the seedlings. The single round semi-nested multiplex PCR procedure
can therefore be used to detect Phytophthora spp. and P. palmivora in infected plant tissue
and soil. The DNA extracted from plant materials including leaves, barks and fruits collected
from the naturally planted rubber trees expressing leaf fall or black stripe were also tested
with our semi-nested multiplex PCR procedure. Unfortunately, it could not detect the
occurrence of the Phytophthora genus and P. palmivora in any infected plant tissues.Isolation
of Phytophthora spp. by conventional culture methods from the same rubber samples also
revealed negative results (data not shown). The plausible explanation for the false lies in the
disease expressing materials tested here might not be caused by Phytophthora spp. This may
be due to diverse pathogens within the same or different genus could induce the similar
disease symptoms (Drenth and Guest, 2004; Ellis and Boehm, 2008).

In conclusion, the developed single round semi-nested multiplex PCR was the novel
strategy providing the rapid and simultaneous detection and identification of Phytophthora
spp. and P. palmivora. 1t is useful to be applied to identify and detect P. palmivora in

naturally diseased plant materials, soil and water. Nonetheless, this method may still have a
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limitation towards its sensitivity limit especially in cases where the number of pathogens
might be low, as in soil, water or trees that have been dead for several years. Those
conditions may cause the difficulty to reveal the presence of pathogens. Future adaptation of
the technique such as real-time PCR or multiplex real-time PCR will allow quantitative
measurements of P. palmivora, and may increase the sensitivity of the assay. Further, this
diagnostic test may prove valuable for detection and management efforts with the diseases

caused by Phytophthora spp. and P. palmivora.
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Figure captions

Fig. 1 The sites that the primers Phyls, Phy2a, Palls and Pal2a match on the rDNA of P.
palmivora and the predicted PCR product sizes obtained by amplifying with these primer sets
(a). Dash arrows (---» and <« --) indicate Phyls and Phy2a while thick arrows (—» and <—)
refer to Palls and Pal2a. Specificity test of the primer set; Phyls/Phy2a (b) and Palls/Pal2a
(c). PCR was performed using DNA from Phytophthora spp. and other fungal isolates as the
templates. The amplified products were analyzed by electrophoresis on 1.5% agarose gel with
0.5 pg/ml ethidium bromide. Lane 1: C. gloeosporioides; 2: A. niger; 3: Penicillium
Sfuniculosum; 4: F. solani; 5: P. botryosa; 6: P. infestans; 7: P. palmivora; 8: water control

and M represents 100 bp Plus DNA Ladder.

Fig. 2 Optimization of single round multiplex PCR. Nested multiplex and semi-nested
multiplex PCR were performed using DNA from P. palmivora KBNM 9 as the template (a).
Lane 1: Single round nested multiplex PCR containing Phyls/Phy2a/Palls/Pal2a at the
concentration of 0.4 uM each; Lane 2 — 6: single round semi-nested multiplex PCR using
Phy1s/Phy2a/Pal2a as the primer set, the concentrations of Phyls and Phy2a were fixed at 0.4
puM each while the concentration of Pal2a was varied; Lane 2: 0.4 uM; 3: 0.2 uM; 4: 0.1 uM;
5: 0.075 uM; 6: 0.05 puM and 7: water control. Specificity of the single round semi-nested
multiplex PCR (b). PCR using DNA from Phytophthora spp. and other fungal isolates as the
templates and the primer set Phyls/Phy2a/Pal2a was performed. Lane 1: C. gloeosporioides;
2: A. niger; 3: Penicillium funiculosum; 4: F. solani; 5: P. botryosa; 6: P. infestans; 7: P.
palmivora; 8: water control. The amplified products were analyzed by electrophoresis on
1.5% agarose gel with 0.5 pg/ml ethidium bromide and M represents 100 bp Plus DNA

Ladder.
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Fig. 3 Sensitivity analysis for P. palmivora detection. The simple PCR method using diluted
DNA from P. palmivora as templates and primer Phyls/Phy2a (a) and primer Palls/Pal2a
(b). The single round nested multiplex PCR using diluted DNA of P. palmivora as templates
and primer set Phyls/Phy2a/Palla/Pal2a (¢) and the single round semi-nested multiplex PCR
using Phyls/Phy2a/Pal2a as the primer set (d). Lane 1: 40 ng; 2: 8 ng; 3: 4 ng; 4: 800 pg; 5:
400 pg; 6: 40 pg; 7: 4 pg; 8: water control and M: 100 bp Plus DNA Ladder. The single round
nested multiplex PCR (e) and the single round semi-nested multiplex PCR (f) using 10 fold-
serial-dilutions of vector contained ITS region of P. palmivora as templates. Lane 1: 1; 2: 10
113:102,4: 10°; 5: 10 6: 10°; 7: 10°° copies; 8: water control. The amplified products were

analyzed by electrophoresis on 1.5% agarose gel with 0.5 pg/ml ethidium bromide.

Fig. 4 Detection of P. palmivora by the single round semi-nested PCR. The DNA extracted
from zoospores treated- and untreated rubber leaves and soil (a). The PCR was performed
using Phyls/Phy2a/Pal2a as the primer set (upper panel) and the primer of the actin gene of
rubber plant (lower panel). Lane 1: P. palmivora; 2: 12 h untreated leaves; 3: 12 h treated
leaves; 4: 24 h untreated leaves; 5: 24 h treated leaves; 6: untreated soil; 7: treated soil; 8:
water; M: 100 bp Plus DNA Ladder. The DNA extracted from zoospores treated- and
untreated rubber seedlings (b). Lane 1: 12 h untreated leaves; 2: 24 h untreated leaves; 3: 12 h
treated leaves; 4: 24 h treated leaves; 5: water. The amplified products were analyzed by

electrophoresis on 1.5% agarose gel with 0.5 pg/ml ethidium bromide.

Table 1 PCR primers used in this study.
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Fig. 1 The sites that the primers Phy1ls, Phy2a, Palls and Pal2a match on the rDNA of P. palmivora and the
predicted PCR product sizes obtained by amplifying with these primer sets (a). Dash arrows ( and )
indicate Phy1ls and Phy2a while thick arrows ( and ) refer to Palls and Pal2a. Specificity test of the
primer set; Phyls/Phy2a (b) and Palls/Pal2a (c). PCR was performed using DNA from Phytophthora spp.
and other fungal isolates as the templates. The amplified products were analyzed by electrophoresis on
1.5% agarose gel with 0.5 pg/ml ethidium bromide. Lane 1: C. gloeosporioides; 2: A. niger; 3: Penicillium
funiculosum; 4: F. solani; 5: P. botryosa; 6: P. infestans; 7: P. palmivora; 8: water control and M represents
100 bp Plus DNA Ladder.
129x141mm (300 x 300 DPI)
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36 Fig. 2 Optimization of single round multiplex PCR. Nested multiplex and semi-nested multiplex PCR were
37 performed using DNA from P. palmivora KBNM 9 as the template (a). Lane 1: Single round nested multiplex
38 PCR containing Phyls/Phy2a/Palls/Pal2a at the concentration of 0.4 uM each; Lane 2 - 6: single round
39 semi-nested multiplex PCR using Phyls/Phy2a/Pal2a as the primer set, the concentrations of Phyls and
40 Phy2a were fixed at 0.4 uM each while the concentration of Pal2a was varied; Lane 2: 0.4 uM; 3: 0.2 uM; 4:
41 0.1 uM; 5: 0.075 uM; 6: 0.05 uM and 7: water control. Specificity of the single round semi-nested multiplex
PCR (b). PCR using DNA from Phytophthora spp. and other fungal isolates as the templates and the primer
set Phyls/Phy2a/Pal2a was performed. Lane 1: C. gloeosporioides; 2: A. niger; 3: Penicillium funiculosum;
4: F. solani; 5: P. botryosa; 6: P. infestans; 7: P. palmivora; 8: water control. The amplified products were
44 analyzed by electrophoresis on 1.5% agarose gel with 0.5 pug/ml ethidium bromide and M represents 100 bp
45 Plus DNA Ladder.

46 83x73mm (300 x 300 DPI)
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Fig. 3 Sensitivity analysis for P. palmivora detection. The simple PCR method using diluted DNA from P.
palmivora as templates and primer Phyls/Phy2a (a) and primer Palls/Pal2a (b). The single round nested
multiplex PCR using diluted DNA of P. palmivora as templates and primer set Phyls/Phy2a/Palla/Pal2a (c)

and the single round semi-nested multiplex PCR using Phyls/Phy2a/Pal2a as the primer set (d). Lane 1: 40
ng; 2: 8 ng; 3: 4 ng; 4: 800 pg; 5: 400 pg; 6: 40 pg; 7: 4 pg; 8: water control and M: 100 bp Plus DNA
Ladder. The single round nested multiplex PCR (e) and the single round semi-nested multiplex PCR (f) using
10 fold-serial-dilutions of vector contained ITS region of P. palmivora as templates. Lane 1: 1; 2: 10-1; 3:
10-2; 4: 10-3; 5: 10-4; 6: 10-5; 7: 10-6 copies; 8: water control. The amplified products were analyzed by
electrophoresis on 1.5% agarose gel with 0.5 pug/ml ethidium bromide.
173x168mm (300 x 300 DPI)
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Fig. 4 Detection of P. palmivora by the single round semi-nested PCR. The DNA extracted from zoospores
treated- and untreated rubber leaves and soil (a). The PCR was performed using Phyls/Phy2a/Pal2a as the
23 primer set (upper panel) and the primer of the actin gene of rubber plant (lower panel). Lane 1: P.

24 palmivora; 2: 12 h untreated leaves; 3: 12 h treated leaves; 4: 24 h untreated leaves; 5: 24 h treated
25 leaves; 6: untreated soil; 7: treated soil; 8: water; M: 100 bp Plus DNA Ladder. The DNA extracted from
26 zoospores treated- and untreated rubber seedlings (b). Lane 1: 12 h untreated leaves; 2: 24 h untreated
27 leaves; 3: 12 h treated leaves; 4: 24 h treated leaves; 5: water. The amplified products were analyzed by
28 electrophoresis on 1.5% agarose gel with 0.5 pg/ml ethidium bromide.

129x53mm (300 x 300 DPI)
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Table 1 PCR primers used in this study.
196x84mm (96 x 96 DPI)
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