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Abstract

Akul, Y., Kumar, V. & Chong, K. P. (2018). Designing primers for loop-mediated isothermal amplifi cation (LAMP) 
for detection of Ganoderma boninense. Bulgarian Journal of Agricultural Science, 24(5), 854–859

Basal Stem Rot (BSR) caused by Ganoderma boninense is one of the most serious diseases of South East Asia’s oil palm industry. 
The losses due to this disease were reported up to RM 1.5 billion a year in Malaysia. Typical methodologies currently used for detec-
tion of BSR infection, usually involved visual observation followed by detection of the pathogen using invasive and/or time con-
suming and expensive instruments. This includes the use of molecular DNA based technique, Ganoderma Selective Media (GSM), 
molecular techniques. However, most of these methods cannot be performed in situ. Samples need to be sent to the laboratory for 
testing. In this paper, a diagnostic tool using loop-mediated isothermal reaction (LAMP) is presented for detection of G. boninense. 
LAMP reaction which consist of a set of four primers, two outer and two inner, was designed specifi cally to recognize the manganese 
superoxide gene (MnSOD) obtained from NCBI Genbank (Accession no: U56128) of G. boninense, the causal pathogen of BSR. 
The assay was conducted in the thermal block with temperature 65°C for 50 min and the LAMP products were viewed on agarose gel 
electrophoresis. This technique removes the need to perform the reaction in thermal cycler as it can be done in a heat block. Results 
show the ladder-like pattern of bands sizes from 683 bp specifi cally to the gene MnSOD was amplifi ed. Thus, the chosen set of prim-
ers can be used for detection of G. boninense in oil palm estates subjected to sensitivity and specifi city.
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Introduction

The oil palm industry especially in two major producers 
in the world – Malaysia and Indonesia, has been increasingly 
threatened by a disease called Basal Stem Rot (BSR) which 
is caused by white rot fungus named Ganoderma boninense 
(Rees et al., 2012). The pathogen causes serious damage to 
large number of crops with a signifi cant negative impact to the 
economy. This fatal disease caused a total loss up to RM 1.5 
billion a year in Malaysia (Arif et al., 2011). The loss is mainly 
because the planters failed to detect the infection earlier to al-
low any quick action to be taken to avoid further losses. 

To date, there is no reliable detection method which is 
applicable in fi eld. Several methods were used to detect 
Ganoderma infection such as using Ganoderma selective 
medium (GSM), biochemical methods or molecular DNA 
based technique are currently not available in the fi eld. Most 
of the methods are expensive, required trained specialist and 
appropriate laboratory facilities.

Molecular test for rapid and specifi c identifi cation called 
loop-mediated isothermal amplifi cation (LAMP) invented by 
Notomi et al. (2000) is a molecular technique that amplifi es 
DNA with high specifi city, effi ciency and rapidity under iso-
thermal conditions. The technique removes the need to per-
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form the reaction in thermal cycler (Tomlinson and Boonham, 
2008). LAMP is based on the principle of autocycling strand 
displacement DNA synthesis performed by the Bacillus stea-
rothermophilus (Bst) DNA polymerase, for the detection of a 
specifi c DNA sequence (Notomi et al., 2000). This technique 
uses four to six primers that recognize six to eight regions of 
the target DNA and thus provides high specifi city (Nagamine et 
al., 2002). LAMP produces large amounts of DNA (Notomi et 
al., 2000) and shows high tolerance to biological contaminants 
(Kiatpathomchai et al., 2008) thereby simplifying sample prep-
aration. This paper presents the design of LAMP primers poten-
tially to be used in detecting G. boninense using LAMP assay.

Materials and Methods

Isolation of G. boninense from collected fruiting bodies
Fruiting bodies were collected from Basal Stem Rot oil 

palm of Sawit Kinabalu Langkon estates, Sabah, Malaysia. 
Internal tissues of fruiting bodies were excised and cultured 
on Ganoderma selective media (GSM). The medium was 
prepared as described by Ariffi n and Idris (1992). The fun-
gi which successfully grew on the GSM after 5 days were 
isolated, transferred and maintained in potato dextrose agar 
(PDA) at 37°C.

DNA extraction
Approximately 500 μl of lysis buffer (10% of Cetyltri-

methyl ammonium bromide or CTAB, 5 M of NaCl with pH 
8.0, 1 M of Tris-Cl with pH 8.0, polyvinylpyrrolidone (PVP), 
β-Mercaptoethanol and water) was transferred into 1.5 mL 
microcentrifuge tube, mix with scrapped off fungal mycelium 
from PDA and then grinded using micropestle to distrupt the 
fungi tissues for 60 seconds before adding 6 μl of RNase. The 
tube was then incubated in thermomixer for 1 hour at 65oC 
without any agitation. Before protein precipitation step us-
ing phenol:chloroform:isoamyl alcohol (PCIA) with ratio 
25:24:1 , 6 μl of Proteinase K was added. After adding 600 
μl of PCIA, the tubes were inverted for 2 minutes for mixing 
and then centrifuged at 13000 rpm for 10 minutes at 4°C. The 
upper layer of the solution was transferred into new tube with 
extra careful to avoid sucking the precipitated protein or the 
PCIA solution. The DNA precipitation was done using equal 

volume of isopropanol and incubated overnight in -20°C in 
refrigerator for higher yield. After an overnight incubation, the 
tubes were centrifuged at 13000 rpm for 10 minutes at 4°C 
and then the supernatant was discarded. Washing step was us-
ing 70% of ethanol for 4 times and dry the ethanol residue in a 
dessicator (Eppendorf) for 10 minutes at 45°C. Elution buffer 
(QIAGEN) was added to elute the DNA and stored in -20°C 
for further use. There were 2 total tubes containing DNA ex-
tracted label as 28/7 S8 and 31/7 S3. The concentration and 
purity of genomic DNA was checked using Nanovue Spectro-
photometer (GE brand) and its integrity was viewed using 1% 
of agarose gel electrophoresis.

Polymerase chain reaction (PCR) and Sanger se-
quencing

PCR protocol used was as described by Boyle et al. 
(2008). The primers used were ITS 1 and ITS 4. Each master 
mix tube contains the components for a PCR reaction of 25 
μl. The reaction began with an initial 94°C denaturation for 3 
min, followed by 30 cycles of annealing, 96°C for 15 s, 60°C 
for 1.5 min, 72°C for 2 min. A fi nal extension step at 72°C 
for 5 min allowed all amplicons to be fully extended. After 
getting the PCR products with expected size and no contami-
nation from other organisms, PCR products are sent to First 
Base laboratories for sequencing. BLAST search was con-
ducted to obtain sequences for closest matches in the NCBI 
Genbank database. 

Designing LAMP primers
LAMP primers were designed according to the manga-

nese superoxide dismutase (MnSOD) gene obtained from 
NCBI Genbank (Accession no: U56128). The primers were 
designed using Primer Explorer V5. There were 5 sets of 
primers generated by the software which was 1 set consist 
of 4 primers (2 outer primers and 2 inner primers). Several 
key factors need to be considered in order to choose the best 
set of primers. After considering all the key factors; melting 
temperature (Tm), stability at the end of the primers, gua-
nine cytosine (GC) content, secondary structure and distance 
between primers, ID 47 was chosen and synthesis in Inte-
grated DNA Technology (IDT) laboratory in Singapore. The 
sequences of the primers are shown in Table 1.

Table 1
LAMP primers for ID 47
Primers Sequences Length of the sequences
F3 5’-AGCGATGGCCCCCTCA-3’ 16
B3 5’-GATCGTAATCGCTTCTCCGG-3’ 20
FIP 5’-TGAATGGCGGCGGTCGTCGAGTCCGCGATCGAGCAGAA-3’ 38
BIP 5’-GCTGGGGCTGGCTCGTAAGACGCGAAGCACCCGTAT-3’ 36
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LAMP assay 
The LAMP assay was carried out in a reaction mixture (fi -

nal volume 25 μl) containing 32 pmol each of inner primers 
(FIP, BIP), 8 pmol each of outer primers (F3, B3), 1.4 mM of 
deoxyribosenucleotide triphosphate (dNTPs), 0.8 M betaine 
(Sigma-Aldrich), 20 mM Tris HCl, 10 mM of (NH4)2SO4, 8 
mM of MgSO4, 320 U/ml Bst DNA polymerase (NEB) and 
80-100 ng of genomic DNA from sample 28/7 S8 and 31/7 
S3.  LAMP reaction was performed using heating block at 
65oC for 50 min and 85oC for 10 minutes for deactivation 
step. The LAMP products were viewed using 1.5 % of aga-
rose gel electrophoresis and stained using ethidium bromide 
(EtBr) under UV lamp. 

Results

Isolation of G. boninense from collective fruiting bodies
The concentration and purity of the G. boninense’s DNA 

extracted at absorbance 260/280 and 260/230 is shown in 
Table 2 while the genomic DNA viewed in 1% agarose gel 
electrophoresis is showed in Figure 1. 

Identifi cation of G. boninense using polymerase chain 
reaction (PCR) and Sanger sequencing

The identifi cation of G. boninense was performed using 
PCR and Sanger sequencing. PCR product with the expected 
size of PCR product as 670 base pairs (bp) is shown in Fig-
ure 2.  

The sequences of ITS 1 and ITS 4 regions sequenced us-
ing Sanger sequencing for sample 28/7 S8 and 31/7 S3 were 
done in First Base laboratories as shown in Figure 3.

BLAST search was performed to compare the assembled 
sequences (ITS 1 and ITS 4) obtained with the sequences that 
are available in Genbank. Table 3 shows the most homologous 
fi ve microorganisms from NCBI Genbank in comparison with 
chosen isolates, that are sample 28/7 S8 and 31/7 S3.

Analysis of LAMP products
The fi nal products of LAMP reactions were analyzed us-

ing 1.5 % agarose gel electrophoresis. LAMP products that 
had been amplifi ed after 50 min incubation at 65oC and de-
natured at 85oC is shown in Figure 4. The ladder-like pattern 
shows a positive result which means the amplifi cation suc-
cessfully done by the chosen set of LAMP primers. 

Discussion

Molecular techniques such as polymerase chain reaction 
(PCR) had been widely used to differentiate and identify species 
of Ganoderma (Moncalvo et al., 1995; Chong et al., 2011). Nu-
cleotide sequence information from relatively conserved genes 

Table 2
Concentration and purity of genomic DNA extracted 
from Ganoderma boninense
Sample Concentration 

(ng/μl)
260/280

wavelength
260/230

wavelength
28/7 S8 278.5 2.025 2.102
31/7 S3 221.5 1.934 1.952

Fig. 1. Extraction of genomic DNA (inverted picture). 
Lane M: DNA ladder 1kb (Fermentas); Lane 1: 1 μl 

of genomic DNA from sample 28/7 S8; Lane 2: 1 μl of 
genomic DNA from sample 31/12 S4

Fig. 2. PCR reaction at regions ITS 1 and ITS 4 for 
DNA of G. boninense (inverted picture). Lane M: 1 kb 
GeneRuler; Lane 1: PCR product of sample 28/7 S8; 

Lane 2: PCR product of sample 31/7 S3; Lane 3: Nega-
tive control
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or DNA segments such as internal transcribed spacer (ITS) re-
gions has been selected as specifi c targets for PCR detection of 
Ganoderma (Utomo and Niepold, 2000). This is because the 
variability of ITS regions provides suffi cient resolution at vari-
ous taxanomic levels (Muthelo, 2009). BLAST search of the 
ITS sequence data indicated the isolates of 28/7 S8 and 31/7 S3 
are closely related to Ganoderma species BRIUMS, which are 
believed from genus Ganoderma (Chong et al., 2012). Both bi-
ological samples sequenced in this study were considered from 
species G. boniniense since the closest species of Ganoderma 
that listed from NCBI database matches results (Table 3a and 
3b) is Ganoderma boninense strain GLBS from Nottingham 
University Campus Malaysia, located in West Malaysia. Gano-
derma BRIUMS isolates from this study possibly have a slight 
genetic variation compared to any G. boninense strain that have 

been deposited in NCBI database. The alteration of genetic con-
tent was because of different geographical location (Kok et al., 
2013) since Ganoderma BRIUMS isolates were obtained from 
oil palm estates in Sabah, which located in East Malaysia. The 
fungus need to adapt to new hosts and improve the resistance to-
wards diverse environment condition. Thus, insertion, deletions 
or base substitutions are likely to happen because of the change 
in evolution and contribute to the variation of genetic sequences 
in the pathogenic fungal isolates presented in this study. 

Loop-mediated isothermal amplifi cation (LAMP) of the 
target DNA is an amplifi cation technology with the high di-
agnostic potential than conventional PCR-based methods. It is 
reported that LAMP is currently used in many fi elds such as 
clinical point of care diagnostics, phytoquarantine, and food 
safety (Niessen, 2014). LAMP technology has been successful-

Fig. 3. The ITS 1 and ITS 4 sequences from extracted DNA samples: a) Sequences of ITS 1 and 4 for sample 28/7 S8, 
b) Sequences of ITS 1 and 4 for sample 31/7 S3
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ly applied to detect Meloidogyne enterolobii (Niu et al., 2012), 
Erwinia amylovora (Moradi et al., 2012) and citrus bacterial 
canker (Rigano et al., 2010). However, this technology has yet 
been applied to detect manganese superoxide (Mn-SOD) gene 
from Ganoderma boninense.

Mn-SOD is an enzyme related to the antioxidant defence 
mechanism of the cell. Fréalle et al. (2006) sequenced 20 par-
tial superoxide dismutase (SOD) from 19 pathogenic fungi and 
found all sequences encoded tetrameric manganese (Mn)-con-
taining SODs and showed higher variability than small subunit 
(SSU) ribosomal RNA (rRNA) and similar to internal tran-
scribed spacer (ITS) rRNA. This analysis suggesting that Mn-
SOD could be used to identify closely related fungal species.  

This study aimed to develop LAMP primers for detection of 
G. boninense in Malaysia. The ability of chosen set of primers 
shows positive results in detecting G. boninense. Detection of 
amplifi ed product in LAMP has originally been accomplished 
by agarose gel electrophoresis which typically reveals a ladder 

Table 3
BLAST search results for NCBI Genbank from two DNA samples: a) 28/7 S8; b) 31/7 S3
No Access no. Description Max 

score
Total 
score

Query 
value

Max 
ident 

1 JN234428.1 Ganoderma sp. BRIUMSb internal transcribed spacer 1, partial sequence; 5.8S ribo-
somal RNA gene; complete sequence; and internal transcribed spacer 2, partial sequence

1074 1704 94% 98%

2 JN234427.1 Ganoderma sp. BRIUMSa internal transcribed spacer 1, partial sequence; 5.8S 
ribosomal RNA gene, complete sequence; and internal transcribed spacer 2, partial 
sequence

1068 1704 94% 98%

3 KF164430.1 Ganoderma boninense strain GBLS internal transcribed spacer 1, partial sequence; 
5.8S ribosomal RNA gene and internal transcribed spacer 2, complete sequence; and 
28S ribosomal RNA gene, partial sequence

1066 1671 94% 98%

4 JN234429.1 Ganoderma sp. BRIUMSc internal transcribed spacer 1, partial sequence; 5.8S 
ribosomal RNA gene, complete sequence; and internal transcribed spacer 2, partial 
sequence

1064 1686 96% 98%

5 KX092000.1 Ganoderma boninense isolate GB001 18S ribosomal RNA gene, partial sequence; 
internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed 
spacer 2, complete sequence; and 28S ribosomal RNA gene, partial sequence

1062 1680 94% 98%

(a)
1 JN234428.1 Ganoderma sp. BRIUMSb internal transcribed spacer 1, partial sequence; 5.8S ribosomal 

RNA gene, complete sequence; and internal transcribed spacer 2, partial sequence
1061 1654 97% 97%

2 KF164430.1 Ganoderma boninense strain GBLS internal transcribed spacer 1, partial sequence; 
5.8S ribosomal RNA gene and internal transcribed spacer 2, complete sequence; and 
28S ribosomal RNA gene, partial sequence

1055 1616 95% 97%

3 JN234427.1 Ganoderma sp. BRIUMSa internal transcribed spacer 1, partial sequence; 5.8S 
ribosomal RNA gene, complete sequence; and internal transcribed spacer 2, partial 
sequence

1055 1654 97% 97%

4 JN234429.1 Ganoderma sp. BRIUMSc internal transcribed spacer 1, partial sequence; 5.8S 
ribosomal RNA gene, complete sequence; and internal transcribed spacer 2, partial 
sequence

1051 1647 97% 97%

5 KX092000.1 Ganoderma boninense isolate GB001 18S ribosomal RNA gene, partial sequence; in-
ternal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 
2, complete sequence; and 28S ribosomal RNA gene, partial sequence

1050 1630 97% 97%

(b)

Fig. 4. LAMP detection of G. boninense (inverted picture). 
Lane M: 1 kb ladder (Fermentas); Lane 1: Negative con-
trol; Lane 2: LAMP products from DNA sample 28/7 S8; 

Lane 3: LAMP products from DNA sample 31/7 S4 
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like pattern of DNA fragments as shown in Figure 4. Howev-
er, due to massive production of DNA during LAMP, the risk 
of cross contamination of samples by aerosolized product is 
very high and may compromise analytical results (Ohori et al. 
2006; Yarita et al., 2007). Many researchers proposed of using 
calcein-MnCl2 as the visualization method but it is found the 
colour change of calcein-MnCl2 is less sensitive compared to 
hydroxynaphthol blue (Wastling et al., 2010). SYBR Green I 
is the most available and sensitive general nucleic acid fl uores-
cence dyes because it can be excited by both UV and visible 
light. This makes the SYBR Green I is suitable for detection of 
G. boninense using LAMP in the oil palm plantation. The co-
lour of this dye is changes from orange to bright green fl uores-
cence when conjugated into DNA (Tao et al., 2011). Thus, more 
works need to be done using LAMP primers and SYBR Green 
I for developing a detection tool of G. boninense in the fi eld.
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