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PH\-LOGENETIC ANALYSIS OF PATHOGENI(' GANODERMA IN OIL
PALM BASED ON MANGANESE SUPEROXIDE DISMUTASE

(Mn-SoD) GENE

Condro Utomol, F. Niepold2, D. Tambajong3 and H. B. Deisinga

ABSTRACT

Primer.sets o.f'Mn-SOD I (5'CTCCACCACAAGAAG(.4CCAC'3) and Mn-SOD 2

( 5'GAAGGCGTGCTCCCAGATGTC' 3) v,ere designed .front nucleotide sequences of
antino ucicl sequence regions LHHKKHH and DII4TEHAF in the Mn-SOD gene of G.

boninense RSH RS v'a.s used to amplifu Mn-SOD gene of pathogenic Ganoderma

isolatecl fr.otn oil palm. Polymerase chain reaction (PCR) v ith these primers amplified

a single PCR product of about 700 bp for pathogenic Ganoderma isolated from oil
palm. httiltiple sequence alignment was used to infer a phylogenetic tree and the

generate(l tree showed that all oil palm Ganoderma rsolates clustered with G.

boninense LKM. When compared with G. boninense LKM, identities of three oil palm

Ganotlenna isolates rangedfrom 96.5 to 98.2 %. All other Ganoderma species studied

shov'ed iclentities ranged.from 84.2 to 90.2 ?5 when comptrred with the three oil palm

Ganoderrna isolates.

Keywords Pht'logenetic tree, oil palnt, Ganoderma, Mn-S()D gene

ABSTRAK

Pcts'ungan primer Mr-SOD I (5'CTCCACCACAAGIAGCACCAC'3) and Mn-

SOD ) (5'GAAGGCGTGCTCCCAGATGTC'3) yang didesain dari sekuen nukleotida

pacla o.\um antino LHHKKHH and DII4TEHAF dari gen \[n-SOD dari G. boninense

RSH RS cligunakan untttk mengisolasi gen Mn-SOD Galroderma asal kelapa sawit.

Printet. ini dalant polvmerase chain reaction menghasilkon produk PCR berukuran

kira-kira 700 pb. Metoda multiple sequence ali,gnment digunakan untuk

ntengkon.struksi pohon kekerabatan dan sebagai hastlnya menuniukkan bahwa

Ganodenla qsal kelapa saw,it mengelompok pada G. boninense LKM. Identitas dari

ketigu Ganoderrna asal kelapa sawit jika dibandingkan ,lengan G. boninense LKM
herkisuy clttcu'a 96.5 - 98.2 '%. Secara keseluruhan identitas dari ketiga Ganoderma
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Phylogenetic analysis of pathogenic Ganoderma in oil palm bas.'d on Manganese superoxide

dismutase (Mn-SOD) gene

asal kelapa sawit berkisar antara 84.2-90.2 % jika diban,lingkan dengan seluruh

Ganoderma)/ang diuji.

Kata Kuncr: Pohon kekerabatan, kelapa sawit, Ganoderma', !'tt Mn-SOD

INTRODUCTION

Oil patm (Elaeis guineensrs Jacq.) is

one of the most important estate crops in
Indonesia. Onwards from the second and

subsequent planting cycles, oil palm is
threatened by fungal Pathogens,
especially by Ganoderma sPP.

(Aphyllophorales, Basidiomycota), the

causal agent of basal stem rot (BSR)

disease that attacks the root system of oil
palm. In the early 1916, in North
Sumatra recorded 1,272 ha, in 1984 it
was reported 479,048 ha and in 2003
total area of oil palm in North Sumatra

was 3,712,878 ha or 15 % of total area of
oil palm in Indonesia (4,926,080 ha).

Besides morphological traits of
fruiting bodies, additional taxonomic
characters have been investigated for the

differentiation and identification of
Ganoderma. CrlJtural studies to identify
Ganoderma were conducted by Nobles
( I 3), Bazzalo and Wright (6), and

Adaskaveg and Gilbertson (2,3), but
these attempts caused more confusion
because they were often quite different
from classical identifications based on

morphological features. For example,
Nobles (13) described the differences in
the cultural characteristics of G. lucidum,
G. tsugae and G. oregonense. Later, the

isolates prer'ously listed as G. lucidum
were chan*eed to G. sessile (14).

Biochemical and molecular parameters

like isozymes (8.10.16) and random

amplification of polymoiphic DNA
(RAPD) ( 1, I 5 ) were applied. Results of
isozymes anrl RAPDs are diffrcult to
interpret for differentiation among
Ganodermq species because theY

produced variable electrophoretic
patterns.

Althou-sf Mn-SOD -senes 
have been

sequenced 1r'onl many Gqnodernta
species, ven t-eu' DNA sequences have

been obtaine,l fiom isolates associated

with palms. and none is available
through the public access databases. In
order to support the validity of the

differentiatiotr of oil palm pathogenic

Ganodermu \\ ith other Ganoderma, Mn-
SOD genes have been chosen for
taxonomic rrnd phylogenetic studies

because sequence data are available
through publrc access databases such as

GenBank artd European Molecular
Biology Labt'ratory (EMBL).

The objcetive of this research was to
develop molccular characterization for
pathogenic C, rnoderma in oil palm based

on phylogenr'tic analyses in Manganese

superoxide dr'mutase (Mn-SOD) gene.

MATERI {LS AND METHODS

Ganoderma isolates and
DNA extraction

Three tictnodenna of oil palm
isolated frotrt Aek Pancur (AP), Bah

Jambi (BJ t\ ) and Bukit Sentang (BS)
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estates were used in this studY. All
isolates were grown in malt-Yeast

medium (1) for a month at 30 oC.

Mycelia were harvested from liquid
cultures by filtration onto Whatman No.1

filter paper and rinsed trvo times with
double distilled water. Mycelia were

freeze-dried for two days, ground to a

fine powder in a pestle and mortar and

then stored at -20 oC until use. Total

genomic DNA of each Ganoderma

isolate was extracted according to the

method of Mtlller et al. (11) with an

additional phenoVchloroform extraction.

The extracted DNA was quantified by

UV spectrophotometry (Beckman DU-50

Spectrophotometer, GermanY) and

checked by agarose gel electrophoresis.

Primers design and PCR conditions

Primer pair to amPliff the Mn-SOD
gene was designed from nucleotide

sequences of the amino acid sequences of
LHHKKHH and DIWEHAF in the Mn-
SOD gene of G. boninense RSH RS that

is deposited in NCBI/GenBank with
accession number U56128 for nucleotide

sequence and AAB 16771 for amino acid

sequence. PCR procedure was carried out

according to the method described by
White et al. (17).Composition of buffer,

nucleotide mix, Primers and Taq

polymerase was described in 2.1.3. For

PCR amplification, 5 Pl (10 ng) of
extracted DNA was adjusted to 20 Pl
reaction mix. The thermocycler was

programmed as follows: after 5 min
heating at 95 oC, the DNA amplification
was carried out in 35 cycles of 30 sec

denaturation at 94oC,45 sec annealing at

61 oC and 60 sec extension at 72oC.The

35 cycles were ended after 10 min
extension at 72 oC and cooled to 4 oC.

The PCR products were either analysed

immediately or stored at -20oC.

Cloning and Sequencing

To clone the Mn-SOD gene, three

Ganoderma rsolated from oil palm were

used. PCR products were purified using

QlAquick PCR purification kit (Qiagen,

Germany) according to the manufac-

turer's instructions. After purification,
PCR products were cloned in plasmid

vectoi of PCRR 2.l-TOPO from TOPO

TA cloning kit (Invitrogen, Nether-
lands) according to the manufacturer's
instructions. The cloned DNA fragments

were sequenced on both strands using

forward and reverse universal primers

M13. Ready Reaction BigDYe

Terminator Cycle Sequencing kit (perkin

Elmer Corp.,USA) was used to sequence

of the IGS l regions. The sequence was

determined using an ABI Prism 3 10

DNA sequencer (APPlied BiosYstem

Inc., USA).

Data analysis and PhYlogenY con-

struction

For the Mn-SOD genes, comPuter-

assisted comparisons of the nucleotide

sequences were made to find the

similarities of nucleotide sequences in
NCBI/GenBank, using BLASTN
program (4). Nucleotide sequences that

encoded amino acid (exons) for Mn-SOD
genes were translated to the (deduced)

amino acid sequences by using EditSeq

(DNAstar, Madison, USA). To comPare

with ingroup sequences, additional

sequences from GenBank were used as
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described in Table 1 for the Mn-SOD
gene. Amauroderma rude JMM ASP.I
(U56109) was used as outgroup for
phylogeny reconstruction based on the
Mn-SOD genes. Alignments of
sequences were done using Clustal V

algorithm method (MegAlign; DNAstar,
Madison, USA). Percent identities,
alignment reports and phylogenetic trees
of Mn-SOD gene were calculated and
constructed using MegAlign program
(DNAstar, Madison, USA).

Table 1. Nucleotide sequences of the Mn-SOD genes from Ganoderma species
deposited in GenBank

* Mn-SOD gene of G. boninenseLKNI (provided by Dr. Moncalvo) is available only 375 bp or
only until the beginning of the second intron (other Ganodermr.r species in this table consist of
two complete inuons)
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Ganoderma Mn-SOD nucleotide Host
GenBank
Acc. No.

Sizes (bp)

G. adspersum CBS 351.74
G. ahmadit FWP 14329
G. australe RSH 07505
G. boninense RSH RS
G. capense ACCC 5.71
G. formicatum RSH 0184
G. formosanum RSH 0109
G. lucidum ACCC 5.65
G. lucidun CBS 270.81
G. lucidun CBS 430.84
G. lucidun HMAS 60537
G. lucidun RSH 0626
G. lucidum N|CC 324.7 |
G. lucidura RYV 33217
G. microsporum RSH 0821
G. oerstedii NICC 5241,0

G. oregonense CBS I77.30
G. resinaceum CBS 152.27
G. tropicr,rm RSH 1111

G. tsugae RSH 1109
G. tsugae RSH H2
G. valesiacum CBS 282.33
G. v'eberianum CBS 2I9.36
G. boninen..e LKM

u56111
u56137
u56rt2
u56128
us6I25
u56t26
u56110
u56l 19

u56133
u56129
u56120
u5612r
u56122
u56134
u56127
u5613 I
u56130
us6t23
u561 l3
u561 l5
u56rL4
u56136
u56124

738
704
776
683
708
708
717
807
789
766
807
826
737
70s
708
704
67s
705
851

760
717
704
708
375*

Salrx sp.

Dalbergia sissoo
Unknown
Unknown
Unknown
Hardwood
Unknown
Unknown
Unknown

Quercus hypoleucoides
Hardwood
Unknown
Acrocarpas sp.

Betula sp

Salix babylonica
Unknown
Conifer
Unknown
Unknown
Unknown
Unknown
Larix sp. ?

Mangifera sp

Palm
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RESULTS

Primer design

Primer Mn-SOD I (5'
CTC CACCACAAGAAGCACCAC' 3 )
and Mn-SOD 2 (5'GAAGGCGTGC
TCCCAGATGTC'3) were designed
tiom nucleotide sequences of amino acid
sequence regions LHHKKHH and

DIWEHAF in the Mn-SOD gene of G.

boninense RSH RS. PCR amplification
of the genomic DNA of three oil palm
Ganodermu rsolates using the primer pair
Mn-SOD I and Mn-SOD2 produced a

single PCR product of about 700 bp. The
sequence shows that the size of the

nucleotide sequences of the Mn-SOD
gene from three oil palm Ganodernta
isolates r aried from 698 to 709 bp. The
nucleotide sequence alignment of the

Mn-SOD genes of the three oil palm
Gqnodennu isolates indicated sequence
variations in two locations, due to the

presence of introns. This partial Mn-SOD
gene contains two introns, the first
deduced intron started from the align-
rnent number 128 to 200 and the second

deduced intron started from the

ali-snrnent number 394 to 598 as shown
in Fi-eure l. The first intron showed more
conserved and shorter nucleotide
sequences compared to the second intron.

Deduced exons and introns and of
partial \In-SOD gene of oil palm
G unoder,rrn (isolate BS)

The d.'duced intron sequences were
bas.'d on tnc cornparison of amino acid
:eQUerc€s t-rf the \In-SOD -qene of oil
:.ilnr Gdn,,dennu (isolate BS) with
:-:b.rshed \ln-SOD amino acid

sequences from other Ganoderma
species (see Table 4 in materials and
methods) and the consensus sequences
for 5' splicrng GT (AG) (AT)GT and 3'
splicing (('T)AG junctions of fila-
mentous lungi (5,9). For a better
visualization, the deduced exon and

intron sequcnces are presented as capital
and lowercirse characters, respectively, as

shown in tjigure 2. The deduced exon
sequences were translated to the
predicted arnino acid sequences by using
EditSeq p,'ogram (DNAstar, Madison,
usA).

Phylogenetic analysis of oil palm
Ganodermu

Nuclet'tide sequences of the partial
Mn-SOD sene of the oil palm Gano-
derma isolrrtes AP, BJ 8 and BS were
compared ri'ith those from other publish-
ed Ganod(,'nta species. For phylogenetic
analysis, G boninense LKM was used as

a referencc and Amauroderma rude JMM
ASP.I (actession number U56109) was

used as an outgroup (non-Ganoderma
species but basidiomycete fungus). The
size of thc nucleotide sequence of the

partial Mn -SOD gene of G. boninense
LKM was only 283 bp after eliminating
the first and the second intron. These

introns were excluded from the analysis
because nrrcleotide sequences could not
be unambrguously aligned across all
Ganoderm,r species tested. The varia-
tions in the sequences ranged from a

single base pair change to multiple
changes representing transition and

transversion. However, no deletion and

insertion \vere observed (Figure not
shown).
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Figrre l. Nucleotide sequence alignment of the partial Mn-SOD gene from 3 oil palm
trees Ganoderma (isolates AP, BJ 8 and BS). Dashes (-) indicate gaps and X
indicates a base that could not be determined
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CTCCACCACAAGAAGCACCACCAGACCTACGTGAACTCGCTCAACGCCGCAGAGCAAGCTTACGCCAAG
LHHK KHHOTYVN SLNAAE OAY A K

GCGACGACCCCCAAGGAGCGCATCGCGCTCCAGTCTGCGCTCMGTTCAACGGCGGTcgtgagtcgatftcgcg
ATTPKERIALQSALKFNGGG

AgaaggaaatggtgcgacgcgatgacgaatctacccgcgcgatgctgcggggcgcagGCCATATCAACCACTCGCTCTTCTGGAA
H I N H S LF WK

GAACCTCGCCCCAGCCAAGTCTGAGGGCMGGGCGTCGGTGGTGCMTCTCGGACGGCCCCCTCMGT
N LA P A K S E G K G V G G A IS D G P LK S

CCGCGATCGAGCAGAACTGGGGCTCCGTCGACACTTTCGCCAAGGAGTTCAACGCGACCACCGCGTCG
A I E O NW G S VD T F A K E FN A T T A S

ATCCAGGGCTCCGGCTGGGGATGGCTC gtgagtaccttcctggccctcttcgtcttcttatgcgatcggagagaggactctcgagtcgctc
IQGSGWGWL

gatcncgatgtgcgtgcgatcgacgctcggtgatgccgtagaagcaagttttgccgcaagggttgcggaggctttcttcAcgcgtcgcatgtgattgctctcgg

tccttgtactgaacgcagatcgttgcttgcagGGCCTGAACCCGGCGACGAAGCGTCTCGAGATTACGAC GACCGCCMC
G L N P A T K R L E ITT T A N

CAGGACCCTCTCCTCTCGCACGTCCCCATCATCGGCGTCGAC ATCTGGGAGCACGCCTTC

ADPLLSHVPIIGVDIWEHAF

231
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Figure 2. Partial nucleotide sequence of the
(isolate BS). The deduced amino
characters. The deduced intron
characters

Multiple sequence were used to infer
a phylogenetic tree and the generated tree

showed that all oil palm Ganoderma
isolates clustered with G. boninense
LKM (Figure 3). Identities of the partial
Mn-SOD gene within three isolates of oil
palm Ganoderma ranging from 95.8 to
96.8 %. When compared with G.

boninense LKM, identities of three oil
palm Ganoderma isolates ranged from

Mn-SOD gene of oil palm Ganoderma
acid sequences are presented as bold

sequences are presented as lowercase

96.5 to 98.2 %. All other Ganoderma
species studied showed identities ranged
from 84.2 to 90.2 % when compared
with the three oil palm Ganoderma
isolates. Identities of the partial sequence

of Mn-SOD gene of G. boninense RSH
RS, when compared with the three oil
palm Ganoderma species, ranged from
86.3 to 87.0 % (Table 2).

I
)
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with other Ganoderma species

Ganoderma species
Percent identity of Mn-SOD gene

Ganoderma AP Ganoderma BJ 8 Ganoderma
BS

G. adspersum CBS 351, .7 4
G. ahmadii FWP 14329
G. australe RSH 0705
G. capenseACCC 5.71
G. formicatum RSH 0814
G. formosanum RSH 0109
G. lucidum NICC 32471
G. lucidum RYV 33217
G. lucidum ACCC 5.65
G. lucidun CBS 270.81
G. lucidun CBS 430.84
G. lucidun HMAS 60537
G. lucidun RSH 0626
G. microsporum RSH 0821
G. oerstedii NICC 52410
G. oregonense CBS I77.30
G. resinaceum CBS 152.27
G. tropicuz RSH 1111

G. tsugae RSH 1109
G. tsugae RSH H2
G. valesiacum CBS 282.33
G. weberianum CBS 2I9.36
G. boninerese RSH RS
G. boninense LY:NI
Ganoderma AP
Ganoderma BJ 8

87.0
87.0
86.3
8s.3
84.9
88.8
84.2
87.4
86.0
86.0
86.0
87.0
84.6
85.3
86.0
85.6
86.0
8s.6
85.6
87 .4

87.0
86.3
86.3
98-2

88.1

87.0
87.0
86.3
86.0
90.2

"4.9
86.7
86.0
86.0
87.0
87.0
85.3
86.3
86.0
85.6
87.0
86.3
86.3
87.4
87.0
87.4
87.0
96.5
95.8

87.4
88.8
87.4
86.7
86.3
89.8
8s.6
88.4
87.0
87.0
87.4
88. l
86.0
86.7
87.0
86.7
87.4
86.7
86.t
88.4
88.8
87.7
87.0
96.8
96.1

96.8

Phylogenetic analysis of pathogenic Ganoderma in oil palm based on Manganese superoxide
dismutase (Mn-SOD) gene

Table 2. Percent identities of partial Mn-SOD gene of oil palm Ganoderma compared

Percent identities of partial Mn-SOD gene among other Ganoderma species were not
stated in this table
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G. ahmadii FWP 14329.seq
G. ralesiacum CBS 282.33.seq
G. lucidum RW33217.seq
G. oerstedii ATCC 52410.seq
G.lucidum CBS 270.81 .seq
G. oregonense CBS 177.30.seq
Mn-SOD Ap 2.seq
G. boninense LKM.seq
Mn-SOD Bj 8.seq
Mn-SOD Bs 1.seq
G. formosanum RSH 0109.seq
G. adspersum CBS 351.74.seq
G. australe RSH 0705.seq
G. tsugae RSH H2.seq
G.lucidum ACCC 5.65.seq
G.lucidum H N4AS 60537.seq
G. formicatum RSH 0814.seq '

G. microsporum RHS 0821.seq
G. capense ACCC 5.71.seq
G. weberianum CBS 219.36.seq
G. boninense RSH RS.seq
G.lucidum CBS 430.84.seq
G. res inaceum CBS 1 52.27 seq
G. bugae RSH 1111.seq

G.tropicum RSH 1111 .seq
G. lucidum ATCC 3247 1 .seq
G.lucidum RSH 0626.seq
A rude.seq

Figure 3: phylogenetic relationships of Ganoderma species inferred from the

nucleotide sequences of the Mn-SOD genes.

20 15 10

DISCUSSION

Partial sequences of the Mn-SOD
gene from various Ganoderma derived
from the GenBank showed sequence

length variations. At the corresponding
amino acid sequences from LHHKKHH
to DIWEHAF, the length of these partial

genes ranged from 675 to 851 bP. The

sequence length variations were due to
two introns and these sequence length

variations make sequence alignments
problematic. Therefore, exclusion of
these introns allows unambiguous
nucleotide sequence alignments across

the entire data set.
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The phylogenetic trees showed that
oil palm Ganoderma species cluster
together with G. boninense LKM
(isolated from palm) but separately from
G. boninense RSH RS (unknown host) in
Mn-SOD gene phylogeny, although
morphological characters of G. boni-
nense RSH RS matched with G.
boninense of Steyaert-based description
(12).Apparently, G. boninense RSH RS
was misnamed and was not associated
u'ith a palm (Moncalvo, personal
communication). Therefore, the place-
ment of G. boninense RSH RS is
inconsistent with that of oil palm
Ganoderma based on the Mn-SOD gene
phylogeny, demonstrating the limitation
of morphological identification in this
species complex. Additional data of
percent sequence identity also showed
that oil palm Ganoderma has high
sequence identity to G. boninense LKM
(for Mn-SOD gene ranged from 96.5 to
98.2 %). On the other hand, oil palm
Ganoderma has lower sequence identity
to G. boninense RSH RS (for the Mn-
SOD gene ranged from 86.3 to 87 .0 %).
In this study. a molecular approach has
proven to be more accurate and
consistent than morphological
approaches to define Ganoderma species
pathogenic on oil palm.

6.
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