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ABSTRACT

A loop-mediated isothermal amplification (LAMP) assay was developed for rapid, sensitive and specific detection of
African swine fever virus (ASFV). A set of LAMP primers was designed based on the sequence of the ASFV gene
K205R. Reaction temperature and time were optimized to 64 °C and 60 min, respectively. LAMP products were
detected by agarose gel electrophoresis or visually with the addition of fluorescent dye. The detection limit of the
LAMP assay was approximately 6 copies of the target gene per microliter, 100 times more sensitive than
conventional PCR. LAMP is a simple and inexpensive molecular assay format for ASFV detection. To date, African
swine fever has not been reported in China. LAMP can be used to monitor ASFV spread into China, thereby
reducing the threat of ASF.
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INTRODUCTION

African swine fever virus (ASFV) is an
enveloped, complex, icosahedral virus with a
double-stranded DNA genome of 170 to 190 kb
in length (Takamatsu et al., 2013). It has been
classified as the sole member of the new family
Asfarviridae(Sanchez et al., 2013). This virus
infects warthogs and bush pigs through bites
from the argasid tick vector, as well as
domesticated pigs and wild boar. It causes acute
hemorrhagic fever and leads to high morbidity
and mortality with consequent economic losses.
There is no available vaccine for ASF (Karalyan
etal., 2012).

Montgomery was the first to describe ASF,
found in Kenya in 1921 (Gil et al., 2008). The
virus spread from infected warthogs to
domesticated pigs, causing disease with 100%
mortality(Jezewska et al., 2011). In 1957, ASFV
was reported in Lisbon, Portugal(Wieland et al.,
2011). Following these reports, the disease was
found on the Iberian Peninsula, and sporadic
outbreaks occurred in France, Belgium and other
European countries in the 1980s (Sampoli
Benitez et al., 2013; Uttenthal et al., 2013). In
the late 1970s, ASFV crossed the Atlantic Ocean
and outbreaks were reported on some Caribbean
islands, including Cuba and the Dominican
Republic (de Glanville et al., 2014). The most
recent outbreak of ASFV outside of Africa was
in Georgia, at the beginning of 2007, and it has
since spread to Azerbaijan and Russia,
neighboring Armenia(Diaz et al., 2012;
Uttenthal et al., 2013). So far, there have been
no reports of ASF in China, but due to its
geographical proximity, a plan of defense is
urgently needed, making a rapid and sensitive
detection method for ASFV of critical
importance.

A variety of laboratory assays can be used to
detect ASFV, including PCR (Howey et al.,
2013) and real-time PCR (Qura, 2013), two
assays that have been adopted for routine
diagnosis. Although PCR is a highly sensitive
method for the detection of ASFV, it relies on
precision  thermocycling  which  requires
expensive instrumentation.  Advances in
molecular biology have seen the establishment
of the loop-mediated isothermal amplification
(LAMP) assay, originally described by Notomi
et al (Notomi et al., 2000). LAMP allows rapid

amplification of target DNA sequences in a
highly specific manner under isothermal
conditions. In this study, with the DNA
polymerase Bst and specific internal and
external primers enabled the identification of six
independent regions of the target gene, we
described the development of a rapid LAMP
assay for the detection of ASFV, and compare
this assay to PCR tests.

MATERIALS AND METHODS

Preparation of DNA template and samples

The K205R gene of ASFV was synthesized by
Invitrogen in Shanghai, China (GenBank
accession no. NC_001659.1). The recombinant
plasmid pMD18T-K205R was kept at -70 °C
until use as the template in ASFV LAMP and
conventional PCR assays.

Primer design

LAMP primers were designed based on ASFV
K205R. Two sets of primers recognized six
different regions of the target gene—inner
primers FIP and BIP, and outer primers F3 and
B3. FIP consists of Flc, which is
complementary to the F1 and F2 sequences. BIP
consists of Blc, which is complementary to the
B1 and F2 sequences (Fig. 1). A pair of specific
PCR primers was also designed. The LAMP and
PCR primer sequences are shown in Table 1.

F3 F2
5’ GCCATTATCGCCCAACUGAGATTCTGATGATAAATGGCACTCCACT 3’
5’ CGGTAATAGCGGGTTGAACTCTAAGACTACTATTTACCGTGAGGTGA 3’

5" TC CGGCAAAAAAAACAACGATTAAGGAGGCTATGCCCCTACCTTAC 3’
5" AGGC CGTTTTTT TGTTGCTAATTCCTCCGATACGGGGATGEAAGT 3’
Flc

Blc
5’ TCAAACACGAACAATGATCAAACGAGTCCTCCCGCCTCAGGCAAAA 3’
5" AGTTTGTGCTTGTTACTAGTTTGCTCAGGAGGGCGGAGTCCGTTTT 3’

5’ CAAGTGAAACACCTAAAAAAAATCCCACGAATGCAATGTTCTTCACG 3’

5’ GTTCACTTTGTGGATTTTTTTTAGGGTGCT TACGTTACAAGAAGTGC 3’
B2 B3

Figure 1: Location and sequences of ASFV K205R

used to design the inner and outer primers. The

sequences of the primer sites are underlined.
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Table 1: Oligonucleotide primer sets used for LAMP
and conventional PCR

Prim
er Positio v
T Sequence (5'—3")
e
F1:463
93-
46416 o ATAGCCTCCTTAATCG
F2:463
53 TTGTT-
FIP 46375 AGATTCTGATGATAAATG
B1:464 S sl
' CCTACCTTCATCAAACAC
BIP 17-
a6439 CAACA-
, GGATTTTTTTTAGGTGTTT
F3 B2:464
B3 73 CACTTG
46497 GCCATTATCGCCCAACTT
CGTGAAGAACATTGCATT
PCR 46334- CG
-F 46351
PFS R jgg(l)g ATTCTGATGATAAATGGC
ACTC
46355- gg'(F:_IC_TCCACATGTAAAGA
46376
46635-
46656
%Genome position accordingtoASFV  strain

BA71V (GenBankID:NC_001659.1).

Protocols for LAMP and PCR assays

The LAMP assayreaction volume was 25ul,
consistingof 2.5ul  10x  ThermoPolreaction
buffer (20 mM Tris—HCI, 10 mMKCI, 10 mM
(NH,)2SO4, and 0.1% wi/v Triton X-100; New
EnglandBiolabs Inc.,Beverly, MA, USA), 8 U
ofBstDNA polymerase (largefragment; New
EnglandBiolabs), 0.2 pMofeachouter primer and
2 uMofeachinner primer, 1 M betaine(Sigma-
Aldrich, St. Louis, MO, USA), 0.6 mMdNTPs
(2.5mMeach; TIANGEN Biotech), and4 mM
MgCl, (25mM; TIANGEN Biotech); 1 ulASFV
plasmidwasthenadded. The reactionwasrun in a
gradientPCR
thermocycler(T100™ThermalCycler, Bio-Rad,
Hercules, CA, USA). LAMP
assayreactiontemperaturesof 60, 61, 62, 63,
64and 65 °C,andreaction times of 30, 40, 50, and
60 minweretested. The
amplificationproductswereanalyzedbyelectropho
resison a 15%  agarose gel for
optimalreactionconditions.

The PCR wascarried out in a 25-ulreaction
volume containing 0.2 uMeachofprimers PCR-F

and PCR-R, 1 ul DNA templateand 12.5 pl 2x
Taq PCR Mastermix(TIANGEN Biotech),
consistingofTag DNA enzyme,dNTPs, MgCl,,
andthereaction buffer. The reactionswererun in a
gradient PCR thermocycler
(T100™ThermalCycler) andtemperaturesof 56,
57, 58, 59, 60 and 61 °Cweretested. The
amplificationproductswereanalyzedbyelectropho
resison a 1.5% agarose gel to determine
optimalconditions.

Analysis of LAMP products

In  additiontoelectrophoreticanalysis, LAMP
productswerealsodetectedvisually. LAMP
productswereidentifiable as a
largeamountofwhiteprecipitateformedduringthe
LAMP  reaction. In addition, 100-fold
dilutedSYBR Green Istain (BioTekeBiotechCo.,

Ltd., Beijing, China) wasaddedtothereaction
tube andthesolutionwasobserved for color
changeunderultraviolet light. Green

fluorescencewasobserved in positive reactions.

Sensitivity of LAMP and PCR assays

The ASFV plasmidsweresubjectedto serial 10-
fold dilutions, to a final concentrationof 6x10°%o
6x10* copies/ul. The detectionlimitofthe LAMP

assaywascomparedwiththatofthe PCR
assayusingidenticalconcentrationsofthesame
DNA templates. The

optimizedmethodswereusedtodetectthesensitivit
yof LAMP and PCR, with a reaction volume of
25 pl.

RESULTS

Optimization of reaction conditions

The LAMP productsappearedontheagarose gel
in a ladder-likepatternatdifferenttemperatures
(60, 61, 62, 63, 64 and 65 °C) anddifferent times

(30, 40, 50, and 60 min). Little
differencewasfound in
theelectrophoreticpatternsat 60 and 65°C (Fig.

2a),

andtheamountofamplificationproductwaslargesta
fter 60 min reaction (Fig. 2b). Thus, 64 °C for 60
min wasselected as theoptimalreactioncondition
for ASFV LAMP assay,
andthecomponentsandaddedvolumes  for the
LAMP reaction are given in Table 2. Agarose
gel electrophoresis of the ASFV PCR products

indicated 59 °C as
theoptimalreactiontemperature  for  thisassay
(Fig. 2c).
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Figure 2:Optimizationof LAMP and PCR for ASFV detection. The LAMP
reactionwasrununderdifferenttemperaturesand times, andtheproductswereexaminedbyagarose gel
electrophoresis. (a)Lanes 1-6: LAMP wascarried out at 60, 61, 62, 63, 64 and 65 °C, respectively. (b) Lanes 1-4:
LAMP wascarried out for 30, 40, 50 and 60 min, respectively. (c) Lane 1: negative control; lanes 2—7: PCR
wascarried out at 56, 57, 58, 59, 60 and 61 °C, respectively. Lane M: DNA Marker (DL 2000).

Table 2: LAMP reaction conditions As alreadynoted, agarose gel
Components Volume (pl) electrophoresisofthe  LAMP productsshown a
Bst DNA polymerase 8U) 1 ladder-likepatternwithfragmentsofdifferentsizes
ThermoPol buffer (10x) 25 (Fig. 3a). In addition, the ASFV LAMP
dNTPs (2.5 mM each) 6 productswerevisuallydetectedbytheirturbidity in
MgCl; (25 mM) 4 thereaction tubes. In ASFV-positive samples,
Betaine (1 M) 25 turbiditycouldbeseenwiththenakedeyeunder
Outer primers (5 uM each) 1 natural light (Fig. 3b), whereastherewas no
Inner primers (50 uM each) 1 turbiditywiththe negative samples.
Template 1 Uponadditionof 1 pul SYBR Green I (100-fold
Deionized water 4 dilution), greenfluorescencecouldbeobserved in
Total 25 the positive tubes underultraviolet light, and no
fluorescencewasseen in the negative ones (Fig.
3c).

Visual detection of ASFV LAMP
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Figure 3:Analysisof LAMP products. (a) LAMP productsdetectedbyelectrophoreticanalysis. (b) Visual
observationunder natural light. (c) Visual observationfollowingtheadditionof SYBR Green | underultraviolet
light.Lane M: DNA marker (DL 2000); 1: negative controlreaction; 2: positive reaction.

Detection limits of LAMP and conventional
PCR

LAMP andconventional PCR werecarried out
andtheirrespectivedetectionlimitscomparedusing
10-fold serial dilutions (6x10%o  6x10°
copies/ul) of ASFV recombinantplasmid as

@M1 23456
bp

thetemplate. Wecoulddetect 6 copies/ul DNA by
LAMP (Fig. 43),
whereastheminimumdetectableamount for PCR
was 6x10° copies/ul (Fig. 4b). Thus, the LAMP
assaywasapproximately100 times
moresensitivethanthe PCR assay.

® M 123456

bp

1000

Figure 4:Sensitivitiesof LAMP (a) and PCR (b) assays for ASFV detection, using 10-fold serial
dilutionsofthesametemplate. Lane M: DNA Marker (DL 2000); lane 1: negative controlreaction; lanes 2—6:
6x10% 6x10°% 6x10% 6x10", and 6x10°opies/l, respectively.

Braz. Arch. Biol. Technol. v.59: e16160040, Jan/Dec 2016, Spec Iss 1



6 Wu, X et al.

DISCUSSION

To date, therehasbeen no recordedoccurrenceof
ASF in China, but in thecontextofglobalization,

withthedevelopmentofimport,export trade
andfrequentmovementofpersonnel, ASFV
wouldbea threat for China, dealing a
devastatingblowtopig-breedingindustryof  China.

Thereis no efficienttreatmentmeasureorvaccine for
thecontrolof
ASFnow,themaincontrolmeasureremainsquarantin

e. A simple, rapid, andsensitiveassay for
thedetectionof ASFV isessential.In thisstudy, a
novel LAMP
diagnosticprotocolwasestablishedtodetectthisvirus.
Therehasbeen quite a bit ofresearchonP72,
P73andP540f ASFV. However, there are
fewstudieson ~ ASFV  K205R. K205Ris a

conservedandspecific ASFV gene thatappears in
earlyinfectionandismostrapidlyamplified(Cobbold
et al., 2001; Gutierrez-Castaneda et al., 2008). In
addition, PK205R canbeexpressedwhen ASFV just
invades. Thesemake it a powerfulindicator for
thedetectionof ASFV. In ourstudy, thetarget gene
wasamplifiedwellonly in 60 min,but it needsatleast
2-3 h for conventional PCR.

LAMP wasverysensitive for ASFV detection,
approximately 100-fold more
sensitivethanconventional PCR usedwiththesame
DNA template. The minimumdetectableamountof

LAMP was 6 copies/pl,
andthusthisassaycandetectthevirus in
earlyasymptomaticinfectedsamples.  The  high
sensitivityof LAMP can serve for

diseasesurveillance, andmakes it suitable for use in
theChineseEntry-ExitInspectionandQuarantine
Bureau toprevent ASFV spread into China. In
addition, LAMP productsappear as
whiteprecipitatestothenakedeye, as explainedby
Mori et al. (Mori et al., 2001). Visual
detectionofLAMP
productscanalsobeperformedusing a
fluorescentchromogenwithnucleicacidstain(Cardos
0 et al., 2010; Suebsing et al., 2013). Therefore,
thenovel LAMP assay for ASFV describedhereinis
more practical for routine ASFV
detectionthanconventional PCR.

In conclusion, a rapid and sensitive LAMP assay
for the detection of ASFV was developed and
validated. The LAMP reaction took approximately
1 hin a PCR thermocycler, or in a water bath at 64
°C. The detection limit of the ASFV LAMP assay
was as low as 6 copies per pul DNA, 100 times

more sensitive than that of conventional PCR.
LAMP products could be detected by agarose gel
electrophoresis, but also visually. The LAMP
assay is a rapid, simple, specific, sensitive and
reliable diagnostic protocol that can be applied
under field conditions, even at China's trade
borders, to prevent ASFV spread into China. This
technique for ASFV detection holds great
potential, pending further refinement.
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