Condro Utomo

Studies on molecular diagnosis for detection,

identification and differentiation of Ganoderma,

the causal agent of basal stem rot disease in oil palm

&/ Cuvillier Verlag Géttingen



Institute of Plant Breeding and Plant Protection
Faculty of Agriculture
Martin-Luther-University Halle-Wittenberg, Germany

in co-operation with

Federal Biological Research Centre for Agriculture and Forestry (BBA) Institute for Plant
Protection of Field Crops and Grassland
Braunschweig, Germany

Studies on molecular diagnosis for detection, identification and
differentiation of Ganoderma, the causal agent of
basal stem rot disease in oil palm

Doctoral Dissertation
Submitted for the degree of Doctor of
Agricultural Sciences of the Faculty of Agricultural Sciences
Martin-Luther-University Halle-Wittenberg, Germany

By
Condro Utomo Birth on 19.01. 1959
Kertosono, Indonesia

References: 1. Prof. Dr. H. B. Deising, Halle
2. Prof. Dr. W. E. Weber, Halle
3. P.D. Dr. F. Niepold, Braunschweig

Defence on: 28.10.2002

Halle/Saale, 2002




Bibliografische Information Der Deutschen Bibliothek
Die Deutsche Bibliothek verzeichnet diese Publikation in der Deutschen
Nationalbibliografie; detaillierte bibliografische Daten sind im Internet tiber
http://dnb.ddb.de abrufbar.
1. Aufl. - Géttingen : Cuvillier, 2002

Zugl.: Halle-Wittenberg, Univ., Diss., 2002

ISBN 3-89873-572-9

© CUVILLIER VERLAG, Géttingen 2002
Nonnenstieg 8, 37075 Gottingen
Telefon: 0551-54724-0
Telefax: 0551-54724-21
www.cuvillier.de

Alle Rechte vorbehalten. Ohne ausdriickliche Genehmigung
des Verlages ist es nicht gestattet, das Buch oder Teile
daraus auf fotomechanischem Weg (Fotokopie, Mikrokopie)
zu vervielfdltigen.

1. Auflage, 2002

Gedruckt auf sdurefreiem Papier

ISBN 3-89873-572-9



Summary

Contents

Acknowledgement

Abbreviations

Index of Figures

Index of Tables

1 Introduction

2 Materials and Methods

2.1

2.2

23

Media, reagents and chemicals
2.1.1 Media for fungi
2.1.2 Reagents and buffers for DNA extraction
2.1.3 Reagents and buffers for PCR
2.1.4 Media and reagents for cloning and sequencing
2.1.4.1 Media for propagation of Escherichia coli
2.1.4.2 Reagents for cloning and sequencing
2.1.5 Solution and buffers for agarose gel electrophoresis
2.1.6 Other chemicals and kits
2.1.7 Fungal isolates
Detection of Ganoderma in oil palm based on PCR
2.2.1 Preparation of oil palm root and fungal samples
2.2.2 DNA extraction methods
2.2.3 Determination of DNA concentration by optical density
measures
2.2.4 Primer design and evaluation
2.2.4.1 Primer design and PCR conditions
2.2.4.2 Determination of detection limit of oil palm
Ganoderma DNA and specificity of primers
Development of molecular diagnosis for identification and
differentiation of oil palm Ganoderma against other Ganoderma
species derived from laccase, ITS region, IGS1 region and
Mn-SOD genes
2.3.1 DNA extraction
2.3.2 Primer design and PCR conditions
2.3.2.1 Laccase gene
2.3.2.2 ITS, IGS1 regions, Mn-SOD gene and restriction
fragment length polymorphisms (RFLP) analyse
2.3.3 Cloning of PCR products
2.3.3.1 Cloning of laccase genes into plasmid pTZ19R
2.3.3.2 Cloning of ITS. IGS1 and Mn-SOD gene using
the TOPO cloning kit
2.3.4 Sequencing of plasmid inserted with PCR product
2.3.5 Nucleotide sequence data analysis

iv

vii

iX

O 00 3 2

12
13
14
15
16
19
19
20

21
22
22

23

24
24
25
25

26
27
27

29
30
31



3 Results

3.1 Detection of oil palm Ganoderma

3.2

33

34

3.5

3.1.1 Primer designs from ITS region and determination of detection

3.12

3.13

limits of the generated primers

Cross reaction test of saprophytic fungi by using three
primer sets

Detection of Ganoderma DNA from naturally infected oil
palm roots

Identification and differentiation of oil palm Ganoderma based
on laccase genes

3.2.1

322

3.23

324

Primer design and PCR amplification of Ganoderma DNA
using the primer pairs designed from the laccase genes
Characterization of the nucleotide sequences of PCR
products of oil palm Ganoderma isolate BS amplified using

35
35

35

37

40

42

42

primer pairs Lac 2a-Lac 2b, Lac 2a-Lac 2r and Lac 2f-Lac 2b 49

Evaluation of primer specificity of Lac 2a-Lac 2b in the PCR

amplification of oil palm Ganoderma DNA

3.2.3.1 PCR amplifications using primer pair Lac 2a-Lac 2b
with different concentrations of Tag polymerase
and MgCl,

3.2.3.2 PCR Amplification of the DNA fragment of
Ganoderma Lac 1700 (designation pU1700) using

the primer pair Lac 2a-Lac 2b at different temperatures,

concentrations of 7aq polymerase and MgCl,.
Primer specificity for oil palm Ganoderma designed from
specific nucleotide sequence corresponding to conserved
amino acid sequence of ILHCHI and introns of Ganoderma
Lac 1700 fragment

Identification and differentiation of oil palm Ganoderma based on
ITS, Mn-SOD and IGS1 genes

3.3.1

332

333

334

ITS region and ITS-RFLP analyses

3.3.1.1 ITS region sequences

3.3.1.2 Restriction fragment length polymorphism (RFLP)
analysis for characterizing the PCR product of the
ITS region of oil palm Ganoderma

Species-specific primer design for oil palm Ganoderma

and PCR amplification

Specificity tests of the primer sets IT1-IT2 and IT1-IT3

for Ganoderma

Phylogenetic analysis of oil palm Ganoderma based on

ITS1 and ITS2 regions

Identification of oil palm Ganoderma based on the Mn-SOD
gene sequence

3.4.1
3.4.2

Primer design and PCR amplification
Phylogenetic analysis of oil palm Ganoderma

Identification and differentiation of oil palm Ganoderma

3.5.1

based on the IGS1 region

IGS1 sequence and IGS1-RFLP analysis

59

59

60

61
66
66
66
66
71
76
79
82
82
85

89
89



3.5.1.1 Determination of the IGS1 region of 13 Ganoderma
isolates
3.5.1.2 Nucleotide sequences of the IGS1 region from 13
Ganoderma isolates
3.5.2 IGS1-RFLP analyses for oil palm Ganoderma
3.5.3 Species-specific primer design for oil palm Ganoderma
isolates
3.5.4 Phylogeny analysis of the IGS1 region

4 Discussion
4.1 Detection of oilpalm Ganoderma
4.2 Identification and differentiation of oil palm Ganoderma
5 Perspectives
6 Zusammenfassung
7 References
8 Appendixes

Curriculum vitae

Declaration (in German)

89

89
96

98
100

103
103
105
116
117
120

134






Summary

The objectives of this study were to develop molecular tools for detection, identification
and differentiation of the oil palm pathogen Ganoderma. One approach for detecting the
oil palm Ganoderma in the naturally infected plants is the use of the internal transcribed
spacer (ITS) region as a target sequence for generating specific primers. To develop
identification procedures for the oil palm Ganoderma and a differentiation against other
Ganoderma species, that are non-pathogenic or pathogenic to other plants, four genes of
the oil palm Ganoderma, i.e. ITS region, intergenic spacer 1 (IGS1) region, laccase and
manganese superoxide dismutase (Mn-SOD) genes were chosen. Molecular approaches
including the use of species-specific primers derived from variable DNA sequences,
PCR/RFLP analyses with specific restriction enzymes, and DNA sequence alignment to

infer a phylogenetic tree were used for identification and characterisation.

Three DNA extraction procedures were tested to evaluate detection limits in combination
with the primer pair Ganl-Gan2, generating a PCR product of 167 bp, when oil palm
Ganoderma DNA was used. Three DNA extraction methods used showed different
detection limit, however, for practical reasons the NaOH extraction was chosen, still
amplifying DNA from 1.5 ng freeze-dried mycelia. The other primer pairs IT1-IT2 and
IT1-IT3 generated a PCR product of 450 bp and 334 bp, respectively, with the detection
limit of 1.5 ng of freeze-dried mycelia using the NaOH extraction method. The specificity
of three primer pairs in the PCR-based detection procedure was confirmed by verifying the
absence of cross-reaction with DNA extracted from healthy palm tissue and 18 saprophytic
fungi isolated from the palm. In sampling studies, oil palm Ganoderma was detected by
PCR from naturally infected oil palm roots, using the NaOH-DNA extraction method,
before any visible symptoms of oil palm infection were visible. Combined with the rapid
DNA extraction of the NaOH method, PCR assays would provide a practical tool for the

detection oil palm Ganoderma within oil palm roots.

Three primer pairs designed from conserved amino acid sequences of known laccase genes
of basidiomycete fungi were used in the PCR assay to identify and differentiate between
oil palm Ganoderma and other Ganoderma species studied. Primer pair Lac 2a-Lac 2b

produced a unique PCR product of 327 bp, when the laccase gene was used as template of
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the oil palm Ganoderma DNA. However, most of the other Ganoderma species tested with
these primers produced a PCR product of the size of 1500-1600 bp within the laccase gene,
starting from the copper-binding region I to the copper-binding region IV, according to the
previously published laccase gene sequences of basidiomycete fungi. Primer pair Lac2a-
Lac2r always generated a single PCR product of 1617 bp when genomic DNA of oil palm
Ganoderma was used. Otherwise, two different PCR products were observed when
genomic DNA of other studied Ganoderma species was used, i. e. a single PCR product of
1617 bp (identical size to oil palm Ganoderma) and a second amplificate of 1500 bp was
visible. Subsequently, other Ganoderma species which, by using the primer pair Lac2a-
Lac2r, produce a PCR product of an identical size to the oil palm Ganoderma can now be
discriminated by using the primer pair Lac 2f-Lac 2b, generating an additional PCR
product of 1265 bp in size, only when using DNA from oil palm Ganoderma. In contrast,
genomic DNA of other Ganoderma species (identical PCR product in size of all tested oil
palm Ganoderma, using the primer pair Lac 2a-Lac 2r) produced a PCR product of 1400
bp. Therefore, with the use of both primer pairs (Lac 2a-Lac 2r and Lac 2f-Lac 2b), oil
palm Ganoderma can now be clearly distinguished from all other Ganoderma species

studied.

Variable sequences of the oil palm Ganoderma within the ITS or IGS1 regions were
sequenced and were compared with other published Ganoderma isolates and were
analysed for designing species-specific primers for the identification of oil palm
Ganoderma. Within the ITS and IGS1 regions, two specific primer pairs were designed to
provide a specific DNA amplification for the oil palm Ganoderma. Each primer pair
produced a single PCR product when oil palm Ganoderma DNA was used in PCR
amplification, 450 bp (for primer pair IT1-IT2), 334 bp (for primer pair IT1-IT3), 630 bp
(for primer pair Q-IGSa) and 1,000 bp (for primer pair Q-IGSc). No PCR amplification
product was observed when other Ganoderma species DNA were used. Except for
Ganoderma tornatum isolated from hardwood, both primer pairs Q-IGSa and Q-IGSc
showed slight cross-reaction in the PCR amplification. Based on the results of the PCR
amplification using the specific primer pairs, identification and differentiation between oil
palm Ganoderma and other Ganoderma species studied are easy to interpret because it is

based on the presence or absence of a single DNA fragment.
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Another molecular approach for identification and differentiation of oil palm Ganoderma
against other Ganoderma species studied was the use of specific restriction enzymes in the
ITS/IGS1-RLFP analyses. The restriction enzymes Sacl, Mlul and Hinfl were used to
digest the ITS-PCR product and Hincll, Scal and Tfil were used to digest the IGS1-PCR
product. Of the three restriction enzymes used in each rDNA region, Mlul was specific for
the digestion of the ITS regions and Tfil was specific for the digestion of the IGS1 region
of oil palm Ganoderma. A restriction site of Mlul was also not found in the ITS nucleotide
sequence of 31 published Ganoderma species used in this study. The use of the
combination of the PCR amplification and restriction analysis can be applied as a standard
protocol to identify whether Ganoderma isolates from fields are related to the pathogenic

species.

Phylogenetic trees showed that oil palm Ganoderma cluster together with Ganoderma
boninense LKM but were separately from Ganoderma boninense RSH RS in ITS and Mn-
SOD gene phylogenies. Sequences analyses of the ITS and Mn-SOD genes revealed a high
sequence similarity to Ganoderma boninense LKM (for the ITS1 ranged from 94.2 to 98.6
%, ITS2 ranged from 90.7 to 99.5 % and Mn-SOD gene ranged from 96.5 to 98.2 %). On
the other hand, oil palm Ganoderma have a lower sequence identity to Ganoderma
boninense RSH RS (for the ITS1 ranged from 80.1 to 82.1 %, ITS2 ranged from 61.6 to
73.2 % and Mn-SOD gene ranged from 86.3 to 87.0 %). Apparently, Ganoderma
boninense RSH RS was misnamed and was not associated with palms (Moncalvo, personal
communication). In this case, a molecular approach has proven to be consistent to define

Ganoderma species which are pathogenic to oil palms.

In this study, the use of species-specific primers designed from variable DNA sequences,
PCR-RFLP analyses of the rDNA with specific restriction enzymes, and DNA sequence
alignment to infer phylogenetic trees showed consistency in identification and
differentiation of oil palm Ganoderma and other Ganoderma species studied. This finding
conclude that oil palm Ganoderma causing the BSR disease on oil palms belongs to a

single species.
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