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ABSTRACT
Basal stem rot (BSR) disease is caused by Ganoderma boninense; it has become a major disease in oil palm
plantations over the years and causes a significant yield drop in oil palm plantations, especially in Sumatera.
Nowadays, the incidence level of BSR across Sumatera has reached 39% and is predicted to keep increasing and
threatening the sustainability of oil palm plantations between 2050 and 2100. Some researchers believe that
Ganoderma is dominant due to the unbalance of the microbial community in the soil ecosystem. This study aims to
discover the bacterial community structure in the soil under Ganoderma boninense infection in oil palm plantations.
The study was conducted by comparing the soil infected by Ganoderma boninense (G+) and the healthy soil (G-)
through the next-generation sequencing (NGS) by Illumina MiSeq. The study shows that the total bacteria of the
healthy soil (G-) was 177 times higher than the endemic soil with a total copy number 1.32x10 8 and 7.44x105,
respectively. Acidobacteria was the dominant phyla in the healthy soil (G-), followed by Proteobacteria, and their
relative abundance are 31.45% and 29.19%, respectively. On the other hand, the relative abundance of Acidobacteria
in the endemic soil (G+) was decreased to 18.73% while Proteobacteria was increased to 38.34%. However, the
abundance of these phyla in the endemic soil (G+) is still lower than in the healthy soil (G-). At the level species, the
healthy soil (G-) was more diverse than the endemic soil (G+). It shows that the endemic soil is more susceptible to
Ganoderma boninense due to its dominance in the soil ecosystems. The 16S rRNA gene sequencing revealed that
more than 60% of OTUs had <98% of similarity. It is indicated that some species, both in healthy soil (G-) and
endemic soil (G+), under oil palm plantations might be novel species.
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1. INTRODUCTION
The oil palm plantations have increased rapidly as
it’s the biggest contributors to Indonesia’s foreign
exchange, reduced poverty, and improved livelihoods
[1, 2, 3]. At present, over 14 million hectares of oil palm
plantations have been cultivated by the government
(5%), private companies (54%), and smallholders (41%)
[4]. Nevertheless, the achievement of production tends
to decline due to various factors, such as diseases.

Basal stem rot (BSR) disease reported as the major
disease in oil palm plantations is caused by the white-rot
fungus Ganoderma boninense and is responsible for 50
to 80% yield losses by decreasing the yield density [5].
The incidence of BSR continues to increase. It has been
predicted that the disease will affect the oil palm
sustainability during 2050-2100 [6]. This fungus
preferentially degrades the lignin component of wood
tissues and lives as the saprophytic in a natural
ecosystem [7]. The disease was first discovered in West
Africa in 1915 and found on 25-year-old oil palms in
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1931 [8]. The primary route of infection appears to be
through root contact with the inoculum in the soil [9].
On the other hand, other microorganisms, such as
bacteria, are important in the soils as carbon cycler via
fixation and decomposition. Some bacteria are
important decomposers and their communities’ structure
is affected by soil management, and, hence, can shift the
dominance of decomposers from bacterial to fungal.
Once it occurs in the soil ecosystems, some researchers
believe that Ganoderma could be dominant and
negatively impacts plant growth and productivity.
Therefore, this study was conducted to obtain a
comparison of the bacterial community structures
between healthy soils and infected soils under the oil
palm plantations.

2. METHODOLOGY
Two soil samples, (i) healthy soil (G-) and (ii)
endemic soil (G+), were collected from the oil palm
plantation in Aek Pancur Station, Tanjung Morawa,
North Sumatera in 2016. MiSeq analysis was performed
to compare the bacterial community among the samples
through several steps analyses, which is described in the
flowchart below (Figure 1).

Figure 1. Flowchart of the MiSeq analysis
DNA extraction. DNA was extracted from the soil
samples using the PowerSoil® DNA Isolation Kit (Mo
Bio Laboratories, Inc., Carlsbad, CA, USA) according
to the manufacturer’s instructions (Mo Bio Laboratories,
Inc.). The DNA concentration was then measured by
Thermo
Scientific™
NanoDrop
2000
Spectrophotometer (Thermo Fisher Scientific Inc.,
Waltham, MA, USA). The DNA was then amplified by
a two-stage PCR (1st stage PCR and 2nd stage PCR)
before next-generation sequencing (NGS) using the
Illumina MiSeq Sequencing Platform.
1st stage PCR. The primers set 515F
(GTGCCAGCMGCCGCGGTAA)
and
806R
(GGACTACHVGGGTWTCTAAT) were used and
initially heat-shocked at 95oC for 5 minutes. For the first
stage PCR, 12.5 ng of DNA templates, 1 µl of each
primer (5 µM), 12.5 µl of Kapa HiFi HotStart Ready
Mix, and up to 25 µl of sterilized ultrapure water were
utilized. Amplification was then performed as follows:
(1) initial denaturation at 95oC for 3 minutes, (2) 25
cycles of denaturation at 98oC for 30 seconds, (3)

annealing at 55oC for 30 seconds, (4) elongation at 72oC
for 30 seconds, and (5) a final extension at 72oC for 5
minutes. The PCR was performed using the TaKaRa
thermal cycler and repeated twice for each sample. To
confirm the amplification of PCR products,
electrophoresis using 1.5% agarose gel was performed
for 30 minutes. After electrophoresis, the gel was
immersed in EtBr solution for 20 minutes and was
observed under the UV light (Bio-Rad Laboratories,
Inc., Hercules, CA, USA). The PCR products were then
purified using FastGene™ PCR Extraction Kit (Nippon
Genetics Co., Ltd.). After the purification, the
concentration of DNA was measured using Thermo
Scientific™ NanoDrop 2000 Spectrophotometer
(Thermo Fisher Scientific Inc., Waltham, MA, USA).
2nd PCR and Gel extraction. For the second stage
PCR, different index forward and reverse primer set
(2F-5XX and 2R-7XX) were used for each sample with
the primer set, as showed in Table 1. The 40 ng of DNA
template (1st PCR product’s) was mixed with 0.5 µl of
each index primer (10 µM), 12.5 µl of Kapa HiFi
HotStart Ready Mix, and adjusted up to volume 25 µl
with sterilized ultrapure water. Amplification was then
performed as follows: (1) initial denaturation at 95oC for
3 minutes, (2) 8 cycles of denaturation at 98oC for 30
seconds, (3) annealing at 55oC for 30 seconds, (4)
elongation at 72oC for 30 seconds, and (5) final
extension at 72oC for 5 minutes. as Additionally, as in
the first stage PCR, the amplification also performed
using the TaKaRa thermal cycler. All PCR products
were then electrophoresis using 1.5% of agarose gel for
30 minutes in 100 V, to confirm the amplification of
PCR products. After electrophoresis, the gel was
immersed in a fresh EtBr solution for 20 minutes and
was observed under UV light (Bio-Rad Laboratories,
Inc., Hercules, CA, USA). Gel extraction was then
performed using the FastGene™ Gel Extraction Kit
(Nippon Genetics Co., Ltd.) to purify the PCR products.
The DNA concentration was then measured by the
Qubit® 3.0 Fluorometer (Thermo Fisher Scientific,
Waltham, MA, USA).
Table 1. The index primer set for each sample in the
second stage PCR
F-Primer
No Sample
R-Primer
1
G2F-501
2R-709
(TAGATCGC)
(AGCGTAGC)
2
G+
2F-501
2R-710
(TAGATCGC)
(CAGCCTCG)
qPCR. The quantification of cell (copy number) in
DNA from each sample was conducted by real-time
qPCR
using
a
primer
357F
(CCTACGGGAGGCAGCAG)
and
518R
(ATTACCGCGGCTGCTGG). One µl of the crude

50

Advances in Biological Sciences Research, volume 15

DNA (from DNA extraction) was mixed with 0.1 µl of
each primer (10 pmol), 5 µl of KOD SYBR Mix, and
3.8 µl of sterilized ultra-pure water. One negative
control and seven serial dilutions of E. coli (10-1 to 10-7)
were used as a template for the standard. The PCR
condition was as follows: (1) initial denaturation at 95oC
for 5 minutes, (2) 40 cycles of denaturation at 95oC for
5 seconds, (3) annealing at 64oC for 20 seconds, and (4)
elongation at 72oC for 20 seconds. The real-time qPCR
was conducted using the CFX Connect™ Real-Time
PCR Detection System (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). The total cell (copy number.g-1) of
the samples was calculated by using the equation below:
(1)
SQ
SW
DV

: detected copy number from 1 µl sample
: sample weight for DNA extraction (0.25 g)
: elution volume of DNA extraction (100 µl)

MiSeq analysis and Data processing. A DNA
library (a mixture of PCR amplicons) was prepared at 4
nM concentration. The Illumina MiSeq Sequencing
Platform (Illumina, San Diego, CA, USA) [10] was then
run for 60 hours. Finally, bioinformatics and
phylogenetic analyses were performed using
USEARCH and QIIME pipelines [11, 12, 13].

3. RESULT AND DISCUSSION
3.1 Sequencing statistic of the MiSeq results
After sequencing the V3-V4 region, total 11,952 raw
reads were obtained from all samples via barcoded
pyrosequencing. As shown in Table 2, after filtering the
low quality reads using the QIIME standard pipeline, a
total of 2,388 - 3,056 (43.2 - 49.0%) high-quality clean
reads were obtained from all the samples. The alpha
rarefaction resulted in the relatively good coverage in all
samples, i.e., >0.9 at 2,000 sequences. It was indicated
that the MiSeq result is reliable.
Table 2. The number of reads, total OTU, and relative
coverage after filtration
Relative
Raw
Filtered
Total
Sample
%a
good
reads
reads
OTU
coverage
G7080
3056
43.2 296
0.906
G+
4872
2388
49.0 227
0.904
a
% of final read: Filtered Reads / Raw Reads

3.2 Total cell and the bacterial diversity

Figure 2. Comparison of total cell and the bacterial
diversity between the healthy soil (G-) and endemic soil
(G+)
Figure 2 shows the comparison of the total cell and
number of OTUs between the healthy soil (G-) and
endemic soil (G+). In total, the bacteria cell of healthy
soil (G-) as 177 times higher than the endemic soil (G+)
with the copy number as 1.32x108 and 7.44x105,
respectively. Furthermore, the number of OTU was also
higher in the healthy soil (296 OTUs) than in the
endemic soil (227 OTUs). It is indicated that endemic
soil (G+) has less cell number and less diversity in the
bacterial community. Consequently, the chance of
Ganoderma developing and becoming a dominant
organism in the soil ecosystem is much stronger.

3.3 Bacterial community structure
Figure 3 shows the bacterial community structure at the
phylum level. Three major bacterial phyla that
represented >1% of each community composition were
present in an all samples, namely—Acidobacteria (18.7
- 31.4%), Actinobacteria (10.7 - 24.9%), and
Proteobacteria (29.2 - 38.3%). Our findings are in line
with the study on the bacterial biodiversity in oil palm
plantations at Sarawak, Malaysia. The latter study also
found that Acidobacteria, Actinobacteria, and
Proteobacteria were the most prevalent phyla [14]. In
healthy soil, the relative abundance of Acidobacteria
was the highest at 31.45%, followed by Proteobacteria
at 29.19% with respect to total bacteria. Conversely,
Proteobacteria was the dominant phylum in endemic
soil (G+) with the relative abundance of about 38.34%,
while Acidobacteria was decreased to 18.73%. However,
according to the copy number of the major phyla
(Figure 4), the occurrence of Acidobacteria,
Actinobacteria, and Proteobacteria in endemic soil
(G+) is lower than that in healthy soil (G-). It is
indicated that the endemic soil is more susceptible to
Ganoderma boninense. It is supported by another study
that stated that Ganoderma boninense was elevated with
a decline in the presence of indigenous beneficial
bacteria [15]. In general, the changes in bacterial
composition are more influenced by the agricultural
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activities that lead to the reduction of biodiversity and
abundance [14, 16].

Figure 3. The relative abundance of the phylum level
between healthy soil (G-) and endemic soil (G+)

Figure 4. Comparison of the copy number among
the major phyla in healthy soil (G-) and endemic soil
(G+)

Table 3. The occurrence of OTUs in healthy soil (G-) and endemic soil (G+) at 1% cutoff
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An OTU table representing the occurrence of each
OTU in each sample was utilized to make a heat map.
Following the quality filter, a total of 28 OTU groups
with a dominant 1% or more were only considered.
Each OTU was compared with previously identified
species in the NCBI Database, as presented in Table 3.
Among the selected OTU’s, only four OTUs from
Proteobacteria and one OTU from Actinobacteria had
>99% similarity, while the rest showed less than 98%
similarity. This study suggests that mostly OTUs are
likely unclassified and might be novel species. This
finding allows an opportunity to further study the
characterization of species under the oil palm
plantations. The OTU’s heatmap table shows that at
least ten OTUs of healthy soil (G-) has substantial
differences in the occurrence percentage with endemic
soil (G+), namely—OTU 238, OTU 395, OTU 276,
OTU 539, OTU 417, OTU 279, OTU 139, OTU 394,
OTU 353, and OTU 216. Yet, the presence of all species
in healthy soil is still higher than that in endemic soil.
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4. CONCLUSION
The results of the MiSeq analysis show that three
major phyla were found both in healthy soil and soil
infected by Ganoderma boninense, namely—
Acidobacteria, Actinobacteria, and Proteobacteria. The
total cell number in healthy soil was greater than that in
endemic soil. Consequently, the soil pathogen
Ganoderma boninense in endemic soil was elevated
during the reduction of beneficial bacteria, which then
drives the Ganoderma in becoming dominant in the soil
ecosystem.
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