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Abstract

LAMP is an innovative, simple, rapid, specific and cost-
-effective nucleic acid amplification method. Due to the use
of a special enzyme — GspSSD polymerase, the reaction takes
a short time and can be performed at isothermal conditions. The
sensitivity and specificity of LAMP technique is significantly
higher, than standard PCR techniques, as two or three specific
primer pairs are used. The technique is regarded as a useful tool
for the detection and identification of plant pathogens. In this
work, LAMP was used to study the composition of the popu-
lation of fungi of the genus Leptosphaeria, causing a damaging
disease of oilseed rape, called blackleg or stem canker. The de-
tection concerned DNA present in fungal spores contained in air
samples obtained using Hirst-type volumetric trap, in Pomerania
(north Poland) in 2010. The results achieved using the LAMP
technique were similar to these obtained with previously used,
highly specific method of Real-time PCR. Conducting LAMP
reaction was much easier and less time-and cost-consuming, due
to a simplified method of DNA isolation of pathogens from plant
tissues. Then, the LAMP technique was used to assess the com-
position of the population of Leptosphaeria spp. in plants of oil-
seed rape collected from the field in the Opole region (south-we-
stern part of Poland) in 2013. In contrast to studies conducted in
2002-2003, the analysis of leaf symptoms showed a higher pro-
portion of L. maculans compared to L. biglobosa, what reflects
changes in the composition of pathogen population of fungi cau-
sing blackleg on oilseed rape in this part of Poland.
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INTRODUCTION

Classical pathogen detection and identification
using subcultures of isolates on agar, solid or liquid
media, followed by microscope identification is still a
core technology used in numerous laboratories worl-
dwide. Such methods provide important information
on viability of pathogens and allow to test their suscep-
tibility to different substances and treatments [1]. Ho-
wever, considerable progress in detection of infectious
diseases has been observed over the last decade using
molecular techniques, based on the detection of nucle-
ic acids [2]. In this case we assume the pathogen is via-
ble and we concentrate on its early and fast detection,
which requires simple, but high resolution techniques.

Loop-mediated  Isothermal = AMPlification
(LAMP) is a technique, which allows the amplifica-
tion of DNA in a single tube [3]. The simplicity of the
method makes it an ideal for a low cost alternative to
detect DNA of a pathogen in host tissues. Amplifica-
tion of nucleic acids in isothermal conditions removes
the need to perform the reaction in a thermal cycler
[4]. In isothermal premixes for LAMP reaction an in-
novative enzyme GspSSD DNA polymerase is used.
This enzyme exhibits strand displacement activity,
which enables amplification in isothermal conditions,
without the need for denaturation of the DNA template
[1]. The enzyme also exhibits an activity of reverse-
transcriptase, so simultaneous reverse transcription
and LAMP amplification are possible in one reaction.

© The Author(s) 2013 Published by Polish Botanical Society



94 Matgorzata Jedryczka, Adam Burzyriski, Andrzej Brachaczek, Wojciech Langwinski, Peiling Song, Joanna Kaczmarek

Detection of the amplification product can be
determined using photometry for turbidity, since ampli-
fication results in an increase in the quantity of magne-
sium pyrophosphate produced in solution as a byprod-
uct [5]. An alternative method to measure amplification
of the target DNA product is to add SYBR Green and
measure fluorescence. The production of large quanti-
ties of the amplified product can be easily checked using
the naked eye, without the need for expensive equip-
ment. Another possibility to study results of an experi-
ment is the use of manganese loaded calcein. During in
vitro DNA synthesis, calcein starts fluorescing during
complexation of manganese by pyrophosphate, and the
result can be visualized using fluorescent light [1].

The LAMP technique is simple, yet innovative.
Rapid and specific detection of certain fragments of
nucleic acid is cost-effective [6]. Typical LAMP reac-
tions are performed at a pre-set, unchanged tempera-
ture at 60—70°C for 15-60 minutes. The sensitivity and
specificity of LAMP is regarded as significantly higher,
as compared to standard PCR techniques. In contrast
to standard PCR, where one primer pair is used, the
method uses two or three primer pairs with 120—170 bp
compatibility between primers and template sequences,
which achieves high specificity of DNA amplification.
The use of loop primers accelerates the reaction [7].

LAMP analysis is a very powerful means for
rapid detection of pathogen DNA and the technique
has a wide use in identification of genetic diseases of
humans, animals, plants and microorganisms. More-
over, as DNA fragments are the object of detection, a
time-consuming and laborious culturing of pathogens
can be omitted in many cases [4]. Due to the high spec-
ificity of the technique, detection may be successful
even in case of tiny amounts of the pathogen. These
features of LAMP and the special applicability of this
innovative technique for detection and identification of
pathogens made us try to use the technique for studies
of the pathogens responsible for phoma leaf spotting
and stem canker, which is an important disease of bras-
sicas, including oilseed rape. The disease is caused by
Leptosphaeria maculans and L. biglobosa, two related
fungal species, that separately or jointly exist in oil-
seed rape leaves and stems [8]. In this study we have
checked whether this novel technique can discriminate
these two Leptosphaeria species in oilseed rape plant
tissues and DNA obtained from air samples.

MATERIALS AND METHODS

Air sampling and DNA extraction
from air samples

Samples were collected in Charbielin (N
50°20°37.2” E 17°25°49.17, south-west part of Poland)
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on 15-24 September 2010. The study was done using
a seven-day volumetric spore sampler by Burkard Man-
ufacturing (Rickmansworth, UK) operated outdoors, in
natural weather conditions. The sampler was surround-
ed by oilseed rape stubble collected from Charbielin
fields with oilseed rape after harvest in July 2010.

The cellophane tapes were cut into sections (48
mm long), using sterile forceps and scissors. Longwise
half of a tape was used for microscopy and the other
half of a tape was placed into a 2 ml plastic tube. To
each of these tubes, one scoop (approx. 150 mg) of
sterile acid-washed Ballotini beads (425-600 ym di-
ameter) were added followed by CTAB buffer, using a
method of Kaczmarek etal. [9]. The samples were
then placed in a FastPrep machine (Savant Instrument,
Holbrook, New York, USA) and processed, two times
at 6 ms"' for 40 seconds, with 2 minutes cooling on
ice between each cycle. The extraction was done using
chloroform : isoamyl alcohol (24:1).

Plant sampling and DNA extraction
from infected plants

Plant samples were collected in Radostowo
(N 53°59°27.0” E 18°43°50.5”, central-north part of
Poland) before harvest of oilseed rape in July 2013.
Thirty stems with visible symptoms of phoma stem
canker were taken from the control plot of oilseed rape
cultivar PR46W 15 F1 and cut into three sections: root
collar, stem base and upper stem. Root collar zone was
in between the upper part of the main root and a few
millimeters of stem, adjacent to the root; stem base
was a part of stem from the ground level up to 5 cm
above and upper stem was a part located at 10 cm from
the bottom of the stem and upwards. About 25 mg of
the stem tissue was scraped off the stem, after sim-
plified surface disinfection by wiping the stem with
a tissue submerged in 70% ethanol. DNA extraction
was performed in a test tube, using Novabeads Plant
DNA Fast Mini Kit with magnetic beads (Novazym,
Poznan, Poland) according to the instructions of the
manufacturer.

Real-time PCR method of
pathogen detection

For Real-time PCR, a method described by
Kaczmarek etal. [10] was used. A Real-time PCR
assay using SYBR green was optimised for the primers
designed by Mahuku etal. [11]. A BioRad CFX96
Touch Real-time PCR machine was used for absolute
quantification of L. maculans and L. biglobosa DNA.
A standard curve was generated by plotting the cross-
ing cycle (C, value) number for each sample of a stand-
ard series of L. maculans and L. biglobosa DNA from
10 ng to 1 x 10 ng. Melting curve analysis was done
to determine the accuracy of the reaction.
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LAMP method of pathogen detection

The LAMP assay was carried out in a reaction
mixture (final volume 10 pl) containing: 1.6 uM each of
FIP and BIP primers, 0.2 uM each of F3 and B3 primers
and 0.8 uM each of LF and LB primers, 1 pl of template
DNA (10 ng/ul), Isothermal Mastermix — fluorescent
Dye 1x (Optigene, UK) and sterile deionized water.
The primers were designed using LAMP primer desi-
gning software http://primerexplorer.jp. The mixture
was incubated at 64°C for 60 min using a thermoblock
and then heated at 85°C for 2 min to terminate the reac-
tion. The visual detection was done using Genie II Ultra
Rapid Gene Amplificator (Novazym Polska).
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RESULTS

The detection of DNA of L. biglobosa and
L. maculans was successful only when the suitable set
of primers was used. In all other cases no fluorescen-
ce, corresponding to DNA presence, was observed. No
fluorescence was observed in case of a negative control
(water), but also in the presence of DNA of other fungal
species, such as Alternaria alternata, A. brassicae and
A. brassicicola as well as Fusarium oxysporum (Fig. 1).
Three species belonging to the genus Alternaria, cau-
sing dark leaf spot, were studied with special attention,
as their symptoms could be mistaken with phoma leaf
spotting caused by L. biglobosa.

0 5 40 45 50 55 €0

Fig. 1. Fluorescence of amplified DNA obtained using: L. biglobosa standard (bright green line), stem sample infected with
L. biglobosa (red line), L. maculans standard (violet line), stem sample infected with L. maculans (pale green), remaining
(flat) lines: Alternaria alternata, A. brassicae, A. brassicicola, Fusarium oxysporum, water (negative control).

Results of air sampling obtained using LAMP
were similar in comparison to these obtained using
Real-time PCR (Fig. 2). On some days (15, 16, 19, 22
and 24 September 2010) only L. biglobosa was detect-
ed, whereas on other days (18, 20 and 23 September
2010) both L. maculans and L. biglobosa were found.
The percent of L. maculans DNA, corresponding to the
number of spores of this species was lower in the study
employing Real-time PCR method (16.7% on average)
and 1:1 as shown by LAMP. Two days (17 and 21 Sep-
tember 2010) were free from Leptosphaeria in the air,
both studied by Real-time PCR and LAMP. On these
days no spores of Leptosphaeria were found by micros-
copy, whereas on remaining days the ascospores were
observed on spore tapes.

© The Author(s) 2013

Results obtained using pure isolates of L. macu-
lans and L. biglobosa, as well as DNA extracted from
these isolates with the CTAB method were identical.
In case of isolates obtained from root collars the pro-
portion between L. maculans and L. biglobosa was
7:1 (Fig. 3a). At stem base fragments, obtained from
stems cut between ground level up to 5 cm above, the
amount of L. maculans was still very high (72%) as
compared to L. biglobosa (Fig. 3b). Upper parts of
stems were mainly inhabited by L. biglobosa, but still
some L. maculans could be detected (23%, Fig. 3c). It
is probable that the highly sensitive LAMP method al-
lowed to detect very small traces of L. maculans, hard-
ly ever detected using methods of lower resolution.
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Fig. 2. Molecular identification of Leptosphaeria maculans and L. biglobosa spores in air samples collected in Charbielin (Opole
region, south-west Poland) in autumn 2010, based on Real-time PCR (a) and LAMP (b); L. maculans — grey bars, L. biglobosa
— black bars.

. a . b . C
Fig. 3. The composition of Leptosphaeria spp. populations in winter oilseed rape plants in Radostowo (Pomerania, central, north

Poland) in summer 2013 on root collar (a), stem base (b) and upper stem part (c); L. maculans — grey area, L. biglobosa —
black area.
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DISCUSSION

Reliable, rapid and accurate detection of plant
pathogens is essential for the management of plant dis-
eases. In the opinion of Tomlinson and Boon-
ham [4], methods based on PCR have advantages
of sensitivity and specificity that make them valuable
tools for pathogen detection. However, the difficulties
and high costs of PCR, and especially of the Real-time
PCR method make them difficult to apply in more cas-
es than for scientific purposes or commercial tests. It
is widely believed that LAMP method has the poten-
tial to overcome many of the limitations of PCR-based
methods [6,7]. LAMP exhibits less sensitivity to in-
hibitory substances present in biological samples than
PCR [12]. The robustness of LAMP against inhibitors
greatly contributes to saving time and cost with respect
to sample processing. Experiments can be done in a wa-
ter bath or heated block, which means that a study can
be carried out in simply equipped laboratories or even
under field conditions. Such simplification is of great
importance for the majority of local testing stations that
are not supplied with highly sophisticated and expen-
sive equipment and they do not have a well trained and
skilled personnel with molecular expertise [13].

In this study, Loop-mediated Isothermal AMP-
lification technique was successfully used to describe
the population of Leptosphaeria in oilseed rape plants
and air samples from southern Poland. By now, pseu-
dothecial maturation and ascospore release of L. macu-
lans and L. biglobosa in this part of Poland was done
using traditional techniques based on microscopy [14].
The primers allowed the detection of both species with
high specificity. Moreover, the DNA extraction step
was easier and more efficient, due to the lack of need
to isolate the pathogen from plant tissues. The detec-
tion was successful both from newly collected materi-
als and from old leaves and stems of the plant, as well
as DNA from spore tapes and seeds (data now shown).
The DNA extraction from plants was simplified — a
fast 5-step purification method with magnetic particles
was enough to extract amounts of DNA suitable for
detection. In spite of semi-direct DNA extraction from
plant tissues no or low inhibitory effects have been ob-
served, as previously reported by Kanek o etal. [12].
In contrast to the studies performed in 2002-2003 [15],
the analysis of plant samples collected in the autumn
from oilseed rape leaves in West European countries
has shown higher amounts of L. biglobosa, whereas
the samples from Central Europe more frequently con-
tained L. maculans.

LAMP is patented by Tsugunori Notomi and
Tetsu Hase as ,Process for synthesizing nucleic acid*
patent US 6410278 B1, so it is at present not clear to
what extent the method may be used for the detection
of pathogens. In Japan, LAMP has been employed in
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some officially recommended methods for the routine
identification and surveillance of pathogens [1]. The
method proved its usefulness in rapid detection of in-
fectious bacteria [16], viruses [17,18] as well as for
the detection of genetically manipulated plants [19]. It
also allows a rapid and direct detection of pathogen
variants, such as bacteria resistant to narrow spec-
trum antibiotics, eg. methicillin [20]. In this study the
method proved its high efficiency and good resolution
in the detection of oilseed rape pathogens responsible
for phoma leaf spotting and stem canker. The method
proved its usefulness in discriminating L. maculans
and L. biglobosa — two closely related fungal species
that cause stem canker of brassicas.

CONCLUSIONS

As proved by the study presented here, the method
of Loop-mediated Isothermal Amplification (LAMP)
has a great potential of use as a novel phytodiagnostic
tool for the detection, identification and population stu-
dies of oilseed rape pathogens, such as Leptosphaeria
maculans and L. biglobosa. The method is much faster
and cheaper than Real-time PCR, but it gives a less pre-
cise quantification of these pathogens in samples.

The analysis of leaf symptoms performed using
a LAMP technique showed a higher proportion of
L. maculans compared to L. biglobosa, what reflects
changes in the composition of pathogen population of
fungi causing blackleg on oilseed rape in the south of
Poland.
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Amplifikacja DNA w warunkach
izotermicznych z wykorzystaniem
starteréw zapetlajacych (LAMP),
jako dobre narzedzie do badan zmian
w populacji Leptosphaeria w roslinach rzepaku
i w prébach powietrza

Streszczenie

Amplifikacja DNA w warunkach izotermicz-
nych z wykorzystaniem starteréw zapetlajacych (Loop
Mediated Isothermal Amplification, LAMP) to inno-
wacyjny, prosty, szybki, specyficzny i niedrogi spos6b
amplifikacji kwasow nukleinowych. Dzieki zastosowa-
niu specjalnego enzymu — polimerazy GspSSD, reak-
cja trwa krétko i mozna jg przeprowadzi¢ w warunkach
izotermicznych. Dzigki zastosowaniu 2-3 par starteréw
czutosc¢ 1 swoistos¢ techniki jest znacznie wyzsza, ani-
zeli w przypadku standardowych technik PCR. Tech-
nika LAMP jest uwazana za uzyteczne narzedzie do
wykrywania i identyfikacji patogendw roslin. W niniej-
szej pracy przy pomocy LAMP badano sktad populacji
grzybéw rodzaju Leptosphaeria, wywoltujacych grozng
chorobeg rzepaku, zwang suchg zgnilizng kapustnych.
Badania dotyczyly zarodnikéw grzybéw zawartych
w prébach powietrza uzyskanych przy pomocy putap-
ki wolumetrycznej typu Hirsta, na Pomorzu w 2010
roku. Wyniki uzyskane przy pomocy techniki LAMP
byty bardzo zblizone do uzyskanych przy zastosowaniu
wysokoczulej metody Real-time PCR. Przeprowadze-
nie reakcji LAMP bylo znacznie latwiejsze i mniej
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czaso- 1 kosztochtonne, ze wzgledu na uproszczong me-
todg izolacji DNA patogendw z tkanek roslinnych. Na-
stepnie metode LAMP zastosowano do oceny sktadu
populacji Leptosphaeria spp. w roslinach rzepaku z pél
na Opolszczyznie w 2013 roku. W przeciwieristwie do
badan przeprowadzonych w latach 2002-2003, analiza

objawow na lisciach rzepaku wykazata wyzszy udziat
gatunku L. maculans w poréwnaniu do L. biglobosa,
co swiadczy o zmianach w sktadzie populacji grzybéw
wywotujacych suchg zgnilizng kapustnych na rzepaku
w tej czesci Polski.
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