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ABSTRACT

L oop-mediated isothermal amplification (LAMP) isanovel
nucleic acid diagnostic method that can rapidly amplify a
target template under isothermal conditions. Using the LAMP
method, a highly specific and sensitive diagnostic system for
grouper iridovirus (GIV) detection was designed. Two outer
and two inner primers were designed from GIV genome DNA.
Reaction time and temperature were optimized for 60 min at
65°C, respectively. The detection limit of LAMP was about
100 ag and 100 times more sensitive than polymerase chain
reaction. LAMP was carried out under various heat source
reactor without any particular equipment and the reaction
products are observed directly, after the addition of ethidium
bromide can enhance the inspection of naked-eye. A diag-
nostic procedure which is rapid, highly sensitive and specific
was developed for GIV detection.

. INTRODUCTION

Iridoviruses are large icosahedral cytoplasmic deoxyribo-
viruses with viral particle sizes ranging from 120 to 350 nm
in diameter. The Iridoviridae family can be subdivided into
five genera, including Iridovirus, Chloriridovirus, Ranavirus,
Lymphocystivirus and Megalocytivirus [22]. Members of the
family are notable for their variability in infecting a range of
vertebrate (Lymphocystivirus, Ranavirus, Megal ocytivirus) and
invertebrate (Chloriridovirus, Iridovirus) hosts, causing dis-
eases that range in severity from subclinical to letha [22].
Ranavirus and Megal ocytivirus have infected awide variety of
feral, cultured, and ornamental fish in recent years and cause
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serious systemic diseases, and mortality in fish reaches 30 to
100%. Histopathological featuresin infected fish may include
enlargement of cells and necrosis of renal and splenic hema-
topoietic tissues [16]. Iridovirus infections also have become
amajor problem in the grouper-culture industry.

Loop-mediated isothermal amplification (LAMP) amplify
nucleic acid with high sensitivity, specificity and rapidity under
isothermal conditions [13]. The LAMP reaction employs a
Bst DNA polymerase and a set of four specific primers that
recognize atotal of six distinct sequences on the target DNA,
and can amplify target nucleic acid fragments to 109 copies
within 1 h. The most significant advantage of LAMP is the
ability to amplify specific sequences under isothermal condi-
tions between 63°C to 65°C, thereby obviating the need for
a thermal cycler [13]. Therefore, there is no time loss in
thermal changes, and the amplification efficiency of the LAMP
method is extremely high [15].

Severa reports on LAMP-mediated diagnostic methods
have been developed for viral pathogens in aquaculture: white
spot syndrome virus (WSSV) [10], yellow head virus (YHV)
[12], Taura syndrome virus (TSV) [9], Macrobrachium rosen-
bergii nodavirus (MrNV) [15], extra small virus (XSV) [15],
infectious hematopoietic necrosis virus (IHNV) [6], hemor-
rhagic septicaemia virus (VHS) [19], red seabream iridovirus
(RSIV) [1], infectious hypodermal and hematopoietic necrosis
virus (IHHNV) [20], koi herpesvirus (KHV) [7] and nervous
necrosis virus (NNV) [21].

In this study, we used a LAMP method for the detection
of grouper iridovirus, and evaluated its sensitivity, specificity,
and convenience. A highly specific set of primers were de-
signed, which are rapid and highly efficient in amplifying the
grouper iridovirus target gene.

[I.MATERIALSAND METHODS

1. Preparation of Virusand Viral Template DNA

The GF-3 (Grouper Fin-3) cells were cultured with L-15
medium supplement with 10% fetal bovine serum (FBS), and
incubated at 28°C. The grouper iridovirus was collected from
infected groupers with enlarged spleens from southern Taiwan.
The vira DNA was isolated by QIAamp DNA Mini Kit ac-
cording to the manufacturer’s recommendation.
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Fig. 1. (a) Schematic diagram of two-inner (FIP and BIP) and two-outer (F3 and B3) primers for LAMP. This diagram was adopted from Eiken
Chemical Co. Ltd. (b) Nucleotide sequence of grouper iridovirus genomic DNA (accession no. AY 666015) used for theinner and outer primers.
The sequences of genomic DNA used for primer design are shown by boxes and arrows.

2. Design of Primersfor LAMP

Grouper iridovirus-specific LAMP primers were designed
according to the NCBI published grouper iridovirus genome
sequence (GenBank accession no. AY666015) using Primer
Explorer software version 4 (http://primerexplorer.jp/elamp
4.0.0/index.html). A set of four primers composed of two
outer and two inner primers was designed. The forward inner
primer for grouper iridovirus (GIV-FIP) consisted of the com-
plementary sequence (20 nt) of F1, a TTTT linker and F2
(19 nt); 5-CTCATCCCCCCGTGTTTGGCTTTTTGGGTTC
TGACGCGGTAG-3. The backward inner primer for the
grouper iridovirus (GIV-BIP) consisted of B1c (22nt),aTTTT
linker and the complementary sequence of B2c (20 nt): 5-
ACGTCATCGCGTCAAACTGCGTTTTGCGCAGAGGCT
TCTTCTC-3'. Thetwo outer primers F3 and B3 for the grou-
per iridovirus (GIV-F3 and -B3) were 5-CGCCTGCAGAA
TGCAAGA-3' and 5-TTCACCAACGCGGTCATT -3. FIP
and BIP structure “the loop” through the reaction, while F3
and B3 facilitate initial strand displacement during DNA syn-
thesisearly in thereaction. The location of the primers within
the DNA fragment isshown in Fig. 1.

3. Determination of LAMP Reaction Conditions

The LAMPwas carried out in atotal 25 pl reaction volume
containing 0.8 M each of FIP and BIP, 0.2 M each of the
F3 and B3c primers, 1.6 mM dNTPs, 1 M betaine (Sigma), 20
mM Tris-HCI (pH 8.8), 10 mM KCI, 10 mM (NH4),SO,,
4 mM MgSO,, 0.1% Triton X-100, 8 units of the Bst DNA
polymerase large fragment (New England Biolabs), 1 pl of
target DNA and 5.5 pl of distilled water. The mixture was
incubated at 65°C for 15, 30, 45, 60, 75 and 90 min, and then
the reaction was terminated by heating at 80°C for 2 min. The
reaction temperature was optimized (57.5, 60, 62.5, 65 and
67.5°C), and LAMP was carried out at a pre-determined time
(60 min). 5 ul LAMP products were electrophoresed on 1.6%
agarose gels to determine the optimal conditions.

4. Sensitivity of the LAMP Assay in Detection of Grouper
Iridovirus

The detection limit of the LAMP assay was estimated by
testing a 10-fold serial dilution of the grouper iridovirus DNA
by the LAMP assay. The reaction was performed at 65°C for
60 min. The result was compared with the detection limit of
the commonly used PCR test. All of the LAMP product was
analyzed by 1.2% agarose gel electrophoresis and visualized
by aUV transilluminator.
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Fig. 2. Results of optimization for LAMP condition. (a) Reaction tem-
perature. Lane 1-5: LAMP carried out at 57.5, 60, 62.5, 65 and
67.5°C, respectively. Lane M: 100 bp DNA ladder. (b) Reaction
time. Lane1-7: LAMP carried out for 0, 15, 30, 45, 60, 75 and 90
min, respectively. Lane M: 100 bp DNA ladder.

5. Specificity of the LAMP Assay

The specificity of LAMP primers was examined using total
RNA/DNA extracted from NNV-infected grouper, RSIV-
infected grouper, and healthy grouper as the template. All of
the LAMP product was analyzed by 1.6% agarose gel elec-
trophoresis and visualized by a UV transilluminator.

6. Observation and Detection of the LAMP Product

Diluted Ethidium Bromide solution (10 ug/ml), 1:200 con-
centration in water was used for visual inspection of the LAMP
reaction. By observation of the LAMP reaction tube after
adding 10 ul diluted EtBr solution, it was noted whether the
color turned pink, indicating that the reaction is positive and
the LAMP products are present. If the color remains orange,
the reaction is negative and the LAMP product is absent. For
controlling visua inspection, all of the LAMP product was
analyzed by 1.6% agarose gel electrophoresis and visualized
by aUV transilluminator. The results of the visual inspection
and electrophoresis were compared.

7. Convenience of the LAMP Assay

The LAMP was carried out under various heat source
reactors including a dry-heating block, a DNA hybridization
oven, a circulating water bath and PCR Therma Cyclers
(GeneAmp® PCR System 2700). The reaction was performed
at 65°C for 60 min. All of the LAMP product was analyzed
by 1.6% agarose gel electrophoresis and visualized by a UV
transilluminator.

1. RESULTS

1. Optimization of the LAMP Reaction Conditions

The LAMP was carried out using grouper iridovirus DNA
as a template to determine the optimal template and time of
reaction. The LAMP product was found at 57.5, 60, 62.5, 65
and 67.5°C (Fig. 2(a)). When the temperature increased to

1l-

3
:
1
.
E]

(©)

Fig. 3. Sensitivity of GIV-DNA detection by LAMP and nested PCR: (a)
LAMP product; (b) PCR product; (c) nested PCR product. Lane
1: negative control, lane 2-9: LAMP carried out using concentra-
tions of GIV-DNA; 1 ng, 100, 10, 1 pg, 100, 10, 1 fg and 100 ag,
respectively. Lane 1: negative control, lane M: 100 DNA ladder.

67.5°C, the signal of products decreased significantly. Thus,
65°C was used as an optimal temperature for the following
assays. Interms of the reaction time, no amplification of prod-
uct was found at 15 min, but the LAMP products detected the
target DNA early at 30 min (Fig. 2(b)). There was no differ-
ence in the LAMP product at 75 and 90 min. Hence, the
conditions were optimized to be performed by incubation of
the target DNA at 65°C for 60 min.

2. Sensitivity of the LAMP Assay in Detection of Grouper
Iridovirus

The detection limit of LAMP assay was tested using 10-
fold serial dilutions of grouper iridovirus DNA, and compared
against results from the PCR test. The LAMP assay detection
limit was 100 ag as shown in Fig. 3(a). The first PCR and
second PCR detection limits were 1 pug and 100 fg, respectively
(Figs. 3(b)-3(c)). The sensitivity of the detection limit by LAMP
is 100 times greater than the sensitivity limit of second PCR.

3. Specificity of the LAMP Assay

The reaction product of the LAMP assay was detected only
when grouper iridovirus DNA was present, giving rise to a
typical ladder-like pattern. There were no amplification prod-
ucts detected with RSIV infected grouper DNA, NNV infected
grouper RNA and non-infected grouper genomic DNA (Fig. 4).
This result indicates that LAMP method is highly specific to
grouper iridovirus.

4. Observation and Detection of the LAMP Product
Asthe LAMP reaction progresses, the reaction by-product



C.-H. Sung et al.: Rapid Detection of Grouper Iridovirus by Loop-Mediated Isothermal Amplification 571

Fig. 4. Specificity of the LAMP assay. The assay detected only grouper
iridovirus DNA while there no amplification products were de-
tected from other tested organisms or health grouper. Lane M:
100 bp DNA ladder, lane 1: no template negative controal, lane 2:
DNA from grouper iridovirus, lane 3: DNA from RSIV-infected
grouper, lane 4: RNA from NNV-infected grouper and lane 5: DNA
from health grouper.

product ions bind to magnesium ions and form a white pre-
cipitate of magnesium pyrophosphate. We can identify a posi-
tive reaction by the white precipitate produced (Fig. 5(a)).
Color changes were noted on visua inspection of LAMP re-
action tubes after the addition of EtBr: positive samplesturned
pink, while negative samples and no template control reac-
tions remained orange (Fig. 5(b)). These observations agreed
with the gel electrophoresis results.

5. Convenience of the LAMP Assay

The LAMP assay was carried out under various heat source
reactors. After 65°C at 60 min, the product was formed by all
heat source reactors. in the PCR thermal cycler, dry-heating
block, DNA hybridization oven and circulating water bath, the
amplification product was no different, as show in Fig. 6.

V. DISCUSSION

Grouper iridovirus disease is one of the most important
epidemic diseases for the grouper industry in Taiwan. The
presence of the virus in orange-spotted grouper (Epinephelus
coioides), yellow grouper (Epinephelus awoara) and king
grouper (Epinephelus lanceolatus) causes economic loss. At
present, the various diagnostic techniques used for the detec-
tion of grouper iridovirusinclude histopathology, viral isolation
[5], in situ hybridization [3], electron microscopy [2], ELISA
[18], nested PCR [3] and redl-time PCR [4]. The PCR approach
has been found to be a useful technique for grouper iridovirus
diagnosis. However, PCR is till technically demanding and

Fig. 5. Observation and detection of the LAMP product. Appearance of
LAMP product visualized with EtBr stain. 1: no template nega-
tive reaction showing orange color, 2: reaction positive for 1 ng
grouper iridovirus DNA showing pink coloration; 3: positive
LAMP reaction with 1 pg DNA; 4: positive LAMPreaction with 1
fg DNA.

Fig. 6. Convenience of the LAMP assay. The LAMP assay was carried
out under different heat source reactor. Lane 1: heating block,
lane 2: PCR system, lane 3: hybridization oven, and lane 4: water
bath, lane M: 100 bp DNA ladder.

requires more than 2-6 h for complete diagnosis. LAMPisa
novel method that facilitates rapid nucleic acid amplification
using only simple equipment. LAMP is aso a sensitive
method which can amplify afew DNA copiesin lessthan 1 h
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under isothermal condition [13]. The amplification efficiency
of the LAMP method is high because there is no time loss for
thermal change dueto itsisothermal reaction [8]. The LAMP
reaction has been successfully established in diagnosing viral
infection in several species of mammals, plants, fish and
shellfish [17].

In this study, the LAMP diagnostic protocol was carried out
for the detection of grouper iridovirus. The two sets of primer
used, outer and inner, were able to amplify a 223 bp sequence
of purine nucleoside phosphorylase gene. The LAMPreaction
conditions were optimized by incubation of the target DNA
with the specific four primers at 65°C for 60 min. The am-
plified products appeared as a ladder-like pattern on the gel
due to the cauliflower-like structures [14]. Although the
LAMP assay could detect grouper iridovirus by incubation at
65°C after 30 min, it was optimized by incubation for 45 or 60
min when there is an extremely low amount of viral DNA. In
this study, the LAMP assay detected grouper iridovirus DNA
at adilution of 1 in 10°, which was 100 times more sensitive
than the limit of nested (or second) PCR. The detection limit
of red sea bream iridovirus (RSIV) and turbot reddish body
iridovirus (TRBIV) were 10 and 100 times more sensitive than
conventional PCR [1, 23]. Mao et al. (2008) using LAMP
method (containing loop primers) to detect Singapore grouper
iridovirus (SGIV), the sensitivity was about 1000 times than
the nested PCR system [11].

Several methods may be used to check for the LAMP re-
action; the results of naked-eye inspections are shown in Fig.
5. The color of apositive reaction product of LAMP was pink
after the addition of EtBr, whereas the original orange color
did not change if no reaction products were produced. 1n addi-
tion EtBr, SYBR Green | isanother useful nucleic stain. After
addition of SYBR Green |, the positive LAMP products turned
green, while the negative reaction products remained orange
[6, 19, 20]. Thus, using nucleic stain for inspection of LAMP
products can quickly recognize the positive samples without
gel electrophoresis.

In conclusion, the LAMP protocol is rapid, sensitive, spe-
cific and convenient for detection of grouper iridovirus DNA.
Thetest requires only aheat source reactor and iscompletedin
1 h compared with 3-4 h for nested PCR. Considerably less
time is required to obtain aresult using EtBr stain, compared
with traditional gel electrophoresis.
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