Journal of Pest Science (2021) 94:219-229
https://doi.org/10.1007/5s10340-020-01284-w

RAPID COMMUNICATION q

Check for
updates

A rapid field-based assay using recombinase polymerase amplification
for identification of Thrips palmi, a vector of tospoviruses

Priti' - Sumit Jangra' - V. K. Baranwal’ - Ralf G. Dietzgen? - Amalendu Ghosh'

Received: 13 March 2020 / Revised: 11 September 2020 / Accepted: 21 September 2020 / Published online: 8 October 2020
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract

Thrips palmi (Thysanoptera: Thripidae) is an important pest of vegetables, ornamentals, and legumes worldwide. Besides
damage caused by feeding, it transmits several tospoviruses. Identification of 7. palmi at an early stage is crucial in imple-
menting appropriate pest management strategies. Morpho-taxonomic identification of 7. palmi based on the adult stage is
time-consuming and needs taxonomic expertise. Here, we report a rapid, on-site, field-based assay for identification of T.
palmi based on recombinase polymerase amplification (RPA), its first application in insects. RPA primers designed based on
3’ polymorphisms of the Internal Transcribed Spacer 2 region efficiently discriminated 7. palmi without any cross-reactivity
to other predominant thrips species. RPA was performed with crude DNA, extracted from single 7. palmi simply by crush-
ing in sterile distilled water and could be completed within 20 min by holding the reaction tubes in the hand. The assay was
further simplified by using fluorescent as well as colorimetric dyes thus eliminating the gel-electrophoresis steps. The pres-
ence of T. palmi was visualized by a change in color from dark blue to sky blue. The assay was validated with known thrips
specimens and found to be effective in diagnosing the presence of T. palmi in natural vegetation. This on-site, rapid assay
for diagnosis of T. palmi can be used by non-expert personnel in the field of quarantine and pest management.

Keywords RPA - Melon thrips - Insect vector - Tospovirus transmission - Thrips diagnostics

Key message e Assay uses crude extract of 7. palmi, completed within
20 min by holding the reaction tubes in hand without use
of sophisticated laboratory instruments

e Thrips palmi an important pest of vegetables and orna- e The presence of T. palmi visualized by a change in reac-

mentals transmitting several tospoviruses

e Morpho-taxonomic identification stage-specific, time-
consuming, and needs taxonomic expertise

e Rapid, on-site, field-based assay for identification of T.
palmi using recombinase polymerase amplification
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tion color

e Useful for non-expert personnel in field-based identifica-
tion, quarantine, and adopting suitable pest management
strategies

Introduction

Thrips (order Thysanoptera) are important agricultural
pests that cause significant losses in yield and quality
of agricultural products worldwide. These small insects
cause damage to leaves, flowers, and fruits by feeding and
sometimes induce galls. Distinctive silvery scarring on
the leaves, stems, or fruits is often visible due to their
feeding (Trdan et al. 2007; Chisholm and Lewis 2009;
Ghosh et al. 2009, 2017). Besides the direct damage, thrips
also transmit economically damaging tospoviruses (fam-
ily Tospoviridae, order Bunyavirales) (Rotenberg et al.
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2015). Thrips-transmitted tospoviruses cause significant
economic losses in a large number of plant families (Pappu
et al. 2009).

Melon thrips (Thrips palmi Karny, Thysanoptera:
Thripidae) is a key pest in vegetables, legumes, and orna-
mentals, transmitting more than 7 different tospoviruses
(Rotenberg et al. 2015). The distribution of T. palmi was
thought to be restricted to Southern Asia, but in recent
decades it has been observed throughout Asia. It is con-
sidered a predominant tospovirus vector in Asia (Mandal
et al. 2012). Groundnut bud necrosis virus is transmitted
by T. palmi and causes losses of more than US $89 million
per annum across Asia (Reddy et al. 1995; Jagdale and
Ghosh 2019, Ghosh et al. 2019). It has widely invaded the
Pacific, Florida, the Caribbean, South America, Africa,
and Australia (Bhatti 1980; Johnson 1986; Guyot 1988;
Pantoja et al. 1988; Cooper 1991; Palmer 1992; Monteiro
et al. 1995; EPPO 2014; Jangra et al. 2020a, Ghosh et al.
2020). T. palmi and the viruses it transmits are not yet
established in Europe and it is listed as a quarantine pest
by EPPO (2014). T. palmi continues to pose a significant
risk to agricultural production and has the potential to
cause significant economic losses to a wide range of field-
as well as glasshouse-grown crops. Diagnosis of 7. palmi
at an early stage of infestation is therefore necessary for
adopting suitable pest management strategies and quaran-
tine measures. Morphological key-based identification of
T. palmi based on the adult stage is time-consuming and
demands taxonomic expertise (Mehle and Trdan 2012).
Nucleic acid- and protein-based techniques such as poly-
merase chain reaction (PCR), random amplified polymor-
phic DNA (RAPD), restriction fragment length polymor-
phism (RFLP), sequence characterized amplified regions
(SCAR) markers, real-time PCR, loop-mediated isother-
mal amplification (LAMP), and monoclonal antibodies
have been used for identification of 7. palmi (Paran and
Michelmore 1993; Banks et al 1998; Walsh et al. 2005;
Yeh et al. 2014; Nakahara and Minoura 2015; Przybylska
et al. 2015). PCR-based techniques are not useful for the
field-based diagnosis of 7. palmi. LAMP is simpler than
PCR but it requires nucleic acid extraction and higher tem-
perature that may not be feasible at field conditions. Thus,
we have developed an on-site, field-based rapid assay for
accurate identification of T. palmi without the need for
sophisticated laboratory equipment, based on recombinase
polymerase amplification (RPA). The RPA assay includes
three core enzymes viz. recombinase, single-stranded
DNA binding protein, and strand-displacing polymerase,
and is highly efficient in the diagnosis of zoonotic diseases
and plant viruses (Li et al. 2019; Xi et al. 2019; Ma et al.
2019a, b; Cha et al. 2020). This is the first experimental
demonstration where RPA has been successfully used for
the identification of an insect species.
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Materials and methods

Establishment of a homogenous population of T.
palmi

The initial population of T. palmi was collected from a stock
population maintained at Advanced Centre for Plant Virol-
ogy, Indian Agricultural Research Institute (IARI), New
Delhi. The identity was confirmed by morphometric keys
(Bhatti 1980; Cluever and Smith 2017) and sequencing mito-
chondrial cytochrome oxidase subunit I (mtCol). To develop
a homogenous population, a single adult female of 7. palmi
was released on healthy brinjal (Solanum melongena var.
Navkiran) plants under controlled conditions at 28 +1 °C
temperature, 60+ 10% relative humidity, and 8 h dark.
Fresh plants were provided in the rearing cages as and when
required. Adults were collected from the iso-female popula-
tion with a fine Camel hairbrush for further experiments.

DNA extraction from T. palmi

Total DNA was extracted from 7. palmi using a cetyltrimeth-
ylammonium bromide (CTAB) method. CTAB extraction
buffer was prepared in a total volume of 10 ml by adding
3.5 ml of 10% CTAB, 1 ml of 1 M Tris—HCl, 400 ul of 0.5 M
EDTA (pH 8.0), 2.8 ml of 5 M NaCl, 20 ul 2-mercaptoetha-
nol, and 2.28 ml nuclease-free water. A single adult thrips
was collected in a 1.5-ml micro-centrifuge tube and crushed
in 100 pl of CTAB extraction buffer with a micropestle. The
lysate was vortexed and incubated at 65 °C for 30 min. An
equal volume of chloroform: isoamyl alcohol (24:1) was
added to the lysate, mixed, and centrifuged at 14,000xg for
15 min. The upper aqueous phase was transferred to a new
micro-centrifuge tube. The DNA was precipitated by add-
ing 0.7 volumes of ice-cold isopropanol and kept at —20 °C
for 1 h. The sample was centrifuged at 14,000 g for 10 min
and the supernatant was decanted gently. The pellet, if any,
was washed with 100 ul of 70% ethanol. The ethanol was
decanted and residual ethanol was removed by drying at
room temperature. The DNA pellet was dissolved in 50 pl
sterile distilled water and used for further experiments.

Designing T. palmi-specific primers for RPA

The primers used in this study were designed follow-
ing TwistAmp® assay design manual guidelines (https://
www.twistdx.co.uk). Three pairs of RPA primers (Table 1)
were designed based on the sequence polymorphism of
Internal Transcribed Spacer 2 (ITS2) region of T. palmi.
All ITS2 sequences of T. palmi available at the National
Center for Biotechnology Information (NCBI) were utilized
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Table 1 List of RPA primers used for amplification of ITS2 region of T. palmi

Forward primer Reverse primer Observed Annealing

; - ; ; amplicon size tempera-

Name Sequence (5'—3') Name Sequence (5'—3') (bp) ture

AG113F AAAACGGGGAAAGGCCTTGCAAAG AG114R  GAATCGGAGCGAGGAGGCATTTAA 280 72 °C
GAAAAATC GAGATCCAC

AG115F TTGCGATGTGTCTCTGCACGCGCC AG116R CGACTACAGAGAACGGGAAACACA 200 67.4°C
CATCG CAACGG

AG117F CTGGACTTGCTCTCACGGGCGAGTCCT AG118R AAGCGGAAATCCACTCTCGCGTGC 290 75°C
CCC ACGG

for primer-design. The conserved region of T. palmi ITS2
was chosen to cover all known intra-specific variants of 7.
palmi. Sites with a mismatch at 3'-end sequences among
the congeneric thrips species were targeted to design the
species-specific primers. The major characteristics such as
primer length, amplicon size, GC contents, and intra-primer
or inter-primer homology were taken into consideration.
The site-specificity of the primers was verified by Primer-
BLAST (https://www.ncbi.nlm.nih.gov). FastPCR (version
6.6.99) was done with available ITS2 sequences of thrips
species in NCBI to analyze the in-silico specificity and
cross-reactivity of the primers.

Conventional PCR with T. palmi RPA primers

Conventional PCR was carried out in a 25 pl reaction mix-
ture to validate the newly designed RPA primers. Each
reaction contained 1 pl of 10 mM each forward and reverse
primers (Eurofins), 260 uM dNTP mix (Thermo Fisher
Scientific), 2.5 ul of 10 X PCR buffer (Thermo Fisher Sci-
entific), 20 ng DNA template, and 2U DreamTaq DNA
polymerase (Thermo Fisher Scientific). PCR was done in
a T100 Thermal Cycler (Bio-Rad) with one cycle at 94 °C
for 3 min, 35 cycles of 94 °C for 30 s, annealing at 63 °C
—78 °C depending upon the primer pairs for 50 s, 72 °C for
50 s, and a final extension at 72 °C for 10 min. PCR products
were resolved on 2% agarose gel stained with GoodView™
(BR Biochem) and visualized in a gel documentation system
(MasteroGen Inc, Taiwan) with 100 bp Plus DNA ladder
(Thermo Fisher Scientific).

Recombinase polymerase amplification

RPA was done using newly designed primer pairs at a tem-
perature range of 35-41 °C. The assay was carried out in
a reaction volume of 25 ul following the protocol as out-
lined in the TwistAmp® Basic kit (TwistDx, Cambridge,
UK) with slight modifications. The reaction mixture of
45.5 ul was prepared by adding 2.5 pl of each forward and
reverse primers (10 mM), 29.5 ul rehydration buffer, and
11 pl nuclease-free water. The contents were mixed with

the freeze-dried reaction provided in TwistAmp Basic and
then distributed into 2 reaction tubes. Next, 1 ul of 7. palmi
DNA template (~20 ng), and 1.25 pl of 280 mM magnesium
acetate was added to the reaction and mixed gently by pipet-
ting. The reaction mix was then incubated at a temperature
gradient of 35 °C—41 °C in a heating block for 20 min. The
amplified products were resolved on 2% agarose gel stained
with GoodView™ and visualized in a gel documentation
system with 100 bp Plus DNA ladder.

Cross-reactivity assay for RPA primers

The specificity of the RPA primer pairs for 7. palmi and
potential cross-reactivity with other congeneric thrips spe-
cies were assessed by PCR. PCR was done using primer
pairs AG113F-AG114R, AG115F-AG116R, and AG117F-
AG118R separately with DNA templates of T. palmi, T.
tabaci Lindeman, and Scirtothrips dorsalis Hood. PCR was
done in 25 pl reaction volumes and amplicons were resolved
by 2% agarose gel electrophoresis as described above.

Cross-reactivity of the primer pairs was also assessed
by RPA in 25 pl reaction volumes at 37 °C and products
were resolved on 2% agarose gel as described above. Primer
pairs that showed any amplification with DNA templates of
other thrips species were not considered further. The primer
pair that was not cross-reactive to other predominant thrips
species in both PCR and RPA, and that resolved well on
agarose gels, was progressed further to develop a standard-
ized field-based assay.

On-site crude DNA extraction

To develop an on-site rapid DNA extraction protocol, dif-
ferent methods for crude DNA extraction from single T
palmi were evaluated. Crude DNA was extracted by crush-
ing single T. palmi adult in ethylenediaminetetraacetic acid
(EDTA), phosphate-buffered saline (PBS), or sterile distilled
water. A single 7. palmi adult was transferred into a 1.5-ml
micro-centrifuge tube with the help of a fine Camel hair-
brush. Thirty pl of 0.02 M EDTA (pH 8.0) was added and
the sample was crushed within the micro-centrifuge tube
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using a sterile micropestle. Similarly, samples were crushed
in PBS (pH 7.4) or sterile distilled water. Tubes were incu-
bated in boiling water (100 °C) for 10 min. The quality and
quantity of crude DNA extracted through these methods
were determined by spectrophotometer (NanoDrop™ One,
Thermo Fisher Scientific). Further, PCR was done using
the DNA of T. palmi extracted through these methods as
templates. Twenty-five pl of each PCR mixture contained
1 pl of 10 mM each forward and reverse primer (AG117F-
AG118R), 260 uM dNTP mix, 2.5 pl of 10X PCR buffer,
20 ng DNA template, and 2U DreamTaq DNA polymerase.
Thermal cycling was done in a T100 Thermal Cycler with
one cycle of 94 °C for 3 min, 35 cycles of 94 °C for 30 s,
75 °C for 50 s, 72 °C for 50 s, and a final extension at 72 °C
for 10 min. PCR products were resolved on 2% agarose gel
as described above. The crude extract that provided the best
PCR amplification comparable to CTAB-extracted DNA was
used in RPA assay to identify 7. palmi.

Sensitivity of RPA assay

The sensitivity of RPA was determined with primer
pair AG117F-AG118R using ten-fold serially diluted
(2% 10°-2x 1072 ng) crude DNA of T. palmi. RPA was
done as described above. Based on the results of RPA using
a temperature gradient, the reaction was incubated at 37 °C.
The amplified products were resolved on 2% agarose gel as
described above. The sensitivity of RPA using crude DNA
extracts of 7. palmi was compared with that of PCR using

Fig.1 Workflow of the RPA assay for on-site rapid identification of
T. palmi. a Collection of single thrips into a micro-centrifuge tube, b
addition of 30 ul sterile distilled water, ¢ manually crushing of thrips
with a micropestle, d placing in boiling water for 10 min, e addition
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serially-diluted crude DNA of T. palmi in 25 pl reaction
volume and resolved on 2% agarose gel as described above.

Field-based end-point detection of RPA

To eliminate the gel electrophoresis step used to visualize
RPA results in the laboratory, different fluorescence, and
colorimetric methods were evaluated. RPA was done as
described above using crude DNA of T. palmi as positive
control along with a non-template control. The reaction was
incubated at body temperature (~37 °C) by holding the tubes
in the hand (Fig. 1). The fluorescent nucleic acid dye SYBR
Green I (Thermo Fisher Scientific) was added after comple-
tion of reaction at 0.1 ul per tube. Keeping in mind the cost
of SYBR Green dye, the RPA assay was also evaluated by
adding 0.5 pl of GoodView™ stain after completion of the
reaction. The appearance of fluorescence under UV light was
noted to determine the presence of 7. palmi.

Both these fluorescence-based end-point detection assays
required use of a UV torch or transilluminator which may
not be feasible in the field. Therefore, we used a colorimet-
ric detection of RPA using hydroxynaphthol blue (HNB,
Sisco Research Laboratories Pvt. Ltd. India) dye. RPA reac-
tion was done in 25 pul reaction volume as described above
and 1 pl of 3 mM HNB was added before amplification and
mixed well by pipetting. The reaction was incubated at 37 °C
by holding the tubes in hand. A change in color was seen
after 20 min of incubation indicative of the presence of T.
palmi.

of 1 pl extract to 25 ul TwistAmp® basic reaction mixture in mini
strip tubes, f holding the reaction tubes in fist for 20 min, g visual
assessment of results. Change in reaction color from dark blue to sky
blue indicates presence of 7. palmi
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Validation of RPA assay

The standardized RPA described above was validated with a
large number of known thrips specimens. Further, the assay
was used to identify 7. palmi in natural vegetation at IARI
experimental farm. Thrips DNA from unknown specimens
was extracted in sterile distilled water on-site. The RPA
reaction was carried out using HNB by holding the tubes
in hand for 20 min. The presence of 7. palmi was identified
based on the change in reaction mix color from dark blue
(negative) to sky blue (positive). MtCOI region of repre-
sentative positive and negative samples was amplified by
PCR with primer pair LCO-1490, and HCO-2198 (Folmer
et al. 1994) and directly sequenced for further confirmation.

Results
Standardization of primers and RPA conditions

Three primer pairs viz. AG113F-AG114R, AGI115F-
AG116R, and AG117F-AG118R were designed based on
sequence polymorphisms of the ITS2 region; primers were
30-35 nucleotides long (Table 1). The GC content in all
these primers was moderate (43.75-66.67%). The primer
pairs showed a low probability to form secondary structures
and primer-primer interactions or hairpins in Primer-BLAST
analysis. Primer-BLAST also ensured the specificity of the
primers for ITS2 region of T. palmi and could amplify the
intra-specific variants of 7. palmi. The output of FastPCR
with the primer pairs AG113F-AG114R, AG115F-AG116R,
and AG117F-AG118R showed amplicons of calculated
sizes 283 bp, 209 bp, and 282 bp for T. palmi at a predicted
annealing temperature of 70 °C, 70 °C, and 72 °C, respec-
tively, without any cross-reactivity to other congeneric thrips
species.

In gradient PCR, all primer pairs amplified products of
ITS2 of T. palmi. Sharp bands of ~280 bp and 200 bp were
obtained in the PCR with primer pairs AG113F-AG114R
and AG115F-AG116R at annealing temperatures of 73 °C
and 67.4 °C, respectively. The primer pair AG117F-AG118R
showed the strongest amplification of 290 bp at 75 °C
annealing temperature.

RPA assay using the three primer pairs showed amplifica-
tion of about 280 bp, 200 bp, and 290 bp at a temperature
range of 35 °C—41 °C. Although amplification was satisfac-
tory across this temperature range, incubation at 37 °C was
considered best to proceed with the field-based assay. As the
normal human body temperature is about 37 °C, standard-
izing the RPA assay at this temperature enabled performing
the reaction by holding the tubes in one’s hand and elimi-
nated the requirement of a heating block.

Cross-reactivity of RPA primers with other
predominant thrips species

In PCR assay, primer pair AG113F-AG114R showed cross-
reactivity with S. dorsalis. An amplicon of ~280 bp was
observed with both 7. palmi and S. dorsalis DNA templates.
PCR with primer pair AG115F-AG116R using DNA tem-
plates of T. palmi, T. tabaci, and S. dorsalis did not show
any amplification for S. dorsalis but amplified a prod-
uct of ~200 bp from both 7. palmi and T. tabaci (data not
shown). However, primer pair AG117F-AG118R amplified
a product of ~290 bp from DNA template of T. palmi only
and no amplification occurred from DNA templates of other
thrips species tested that are predominant in India (Fig. 2a).
The results of the RPA assay with primer pairs AG113F-
AG114R and AG115F-AG116R mirrored those of the PCR
assay. On the other hand, primer pair AG117F-AG118R did
not show any cross-reactivity with DNA of other thrips spe-
cies in RPA and yielded an amplicon of ~290 bp for T. palmi
template only (Fig. 2b). Since the primer pair AG117F-
AG118R was specific for T. palmi and did not yield an
amplicon from congeneric thrips species, it was considered
useful for on-site detection of T. palmi based on RPA.

On-site crude DNA preparation from T. palmi

The on-site crude DNA extraction minimized processing
times and did not require sophisticated laboratory equip-
ment otherwise essential for DNA extraction using the
CTAB method. The maximum amount of total DNA from a
single adult of 7. palmi extracted in PBS was approximately
1100 (#120) ng. About 700 (+ 110) ng and 500 (+30) ng
crude DNA were extracted in distilled water and EDTA,
respectively. The mean absorbance 260/280 values were
recorded as 1.3, 1.4, and 1.9 for the DNA extracted in PBS,
distilled water, and EDTA, respectively. A 260/230 ratio of
the extracted DNA extracted in EDTA (0.06) indicated the
presence of contaminants.

PCR with primer pair AG117F-AG118R produced clear
and sharp bands of 290 bp in 2% agarose gel for the DNA
templates extracted in distilled water and PBS (Fig. 3).
The quality of PCR amplification using DNA extracted in
distilled water and PBS was best and comparable to PCR
amplification using DNA extracted by the CTAB method.
No amplicons were observed following PCR with thrips
DNA extracted in EDTA. DNA extraction using distilled
water did not require any buffer preparation and was there-
fore considered easiest for RPA assays in the field.

Sensitivity of RPA assay

To determine the assay sensitivity using primer pair
AGI117F-AG118R, RPA was applied to a serial dilution
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Fig.2 Assessment of potential cross-reactivity of 7. palmi-specific
primer pair AG117F and AG118R. a 2% agarose gel electrophoresis
to resolve PCR amplicons. Lane 1: 100 bp plus DNA ladder; Lanes
2-12: PCR amplicons using DNA extracts of T. palmi (2-5), T. tabaci
(6-9), and S. dorsalis (10-12); Lane 13: no-template control. PCR
yielded a single band of 290 bp for T. palmi only. b 2% agarose gel
electrophoresis showing RPA results. Lane 1 and 7: 100 bp plus DNA

Fig.3 PCR with DNA templates of 7. palmi extracted by different
methods. Lane 1: 100 bp plus DNA ladder, Lane 2: no-template con-
trol, Lane 3-6: PCR amplicons with 7. palmi template extracted in
sterile distilled water (3), PBS (4), EDTA (5), and CTAB (6). PCR
with template extracted in EDTA did not yield any amplicons. Sin-
gle amplicons of 290 bp were observed following PCR using thrips
ground in sterile distilled water, PBS and CTAB

series of T. palmi DNA extracted in distilled water.
Amplicons of ~290 bp were seen by gel electrophore-
sis following RPA of T. palmi input DNA of between
200 ng and 2 x 107" ng (Fig. 4). PCR with primer pair
AG117F-AG118R amplified the corresponding product
up to 2x 107! ng of DNA template extracted in distilled
water. This shows that the RPA assay for identification of
T. palmi was 10° times more sensitive than PCR and could
detect as little as 0.2 ag (2x 107'? g) of DNA.

@ Springer

ladder, Lane 2 and 8: no-template control, Lane 3: positive control
provided with TwistAmp® Basic kit, Lanes 4-6 and 9-20: RPA prod-
ucts using DNA extracts of T. palmi (4, 9-13), S. dorsalis (5, 18-20),
and T. tabaci (6, 14-17). RPA yielded a single 290 bp band for T.
palmi. No amplification was observed with T. tabaci and S. dorsalis
templates. The positive kit control yielded ~ 150 bp amplicon

Field-based end-point detection RPA assay

To use the RPA assay in an on-site field situation, agarose
gel electrophoresis was replaced by fluorescent and colori-
metric dyes. RPA assay showed distinct fluorescence by UV
illumination in the reaction tubes in positive samples (7.
palmi DNA) when SYBR Green I was added, whereas no
fluorescence was observed in negative samples (Fig. 5a).
Addition of GoodView™ into the reaction mix after RPA
also showed fluorescence in the samples that contained T.
palmi DNA, whereas no fluorescence was observed in the
negative samples under a UV light (Fig. 5b). The RPA assay
with HNB dye changed color from dark blue (negative) to
sky blue (positive) for samples that contained 7. palmi DNA
(Fig. 5¢), whereas no such color change was observed in
negative samples.

Identification of thrips from natural vegetation

The RPA assay was validated with more than 60 specimens
(~30 T. palmi,~ 15 each of T. tabaci, and S. dorsalis) of
known thrips. The results confirmed the test-retest reli-
ability and reproducibility of the assay (Fig. 6). RPA was
then used to identify 7. palmi from natural vegetation by
extracting DNA in distilled water on-site and adding HNB
to the reaction mix. In more than 30 collections from natural
vegetation, 7. palmi was identified in 17 samples collected
from cucumber, brinjal, cotton, lettuce, soybean, mungbean,
and sponge gourd plants. A change in reaction mix color
from dark blue to sky blue after holding in one’s hand for
20 min indicated the presence of 7. palmi in the test sam-
ples (Fig. 7). The reactions with thrips samples collected
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Fig.4 Sensitivity of the RPA assay using primer pair AG117F and
AG118R. Serially ten-fold diluted 7. palmi DNA extracted in ster-
ile distilled water was used as template and products resolved on
2% agarose gel. Lane 1: 100 bp plus DNA ladder, Lanes 2—-16: RPA
product with T. palmi template of 2x 10% ng (2), 2x 10' ng (3), 2 ng

Fig.5 Visualization of RPA products using a. SYBR Green I, b.
GoodView™, and ¢. Hydroxynaphthol blue (HNB). RPA was done
using crude DNA of T. palmi as positive (+) and water as negative
(—) samples in 25 ul reactions. Addition of SYBR Green and Good-
View™ at 0.1 and 0.5 pl, respectively, after completion of the reac-
tions showed fluorescence under UV illumination only in the posi-

4), 2x107" ng (5), 2x 1072 ng (6), 2x 1073 ng (7), 2x107* ng (8),
2x107° ng (9), 2x107% ng (10), 2x 1077 ng (11), 2x 1078 ng (12),
2x107° ng (13), 2x 1079 ng (14), 2x 107" ng (15), 2x107'? ng
(16), Lane 17: no-template control, Lane 18: 150 bp product positive
kit control

tive sample containing 7. palmi template while no fluorescence was
observed in the negative samples. The RPA mixed with 1 ul of 3 mM
HNB added prior to amplification showed a change in color from
dark blue to sky blue in the case of 7. palmi DNA, whereas no cor-
responding change was observed in the negative sample

\o
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—
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138 SI4S S SEE16

17 - 18 °19 * 20 21 22 23 24

RARRAAR,

Fig.6 RPA assay for field-based identification of 7. palmi. RPA was
done using primer pair AG117F and AG118R with extracts of known
thrips species. Hydroxynaphthol blue was added prior to amplifica-
tion. Tube 1, 19-21: T. tabaci; Tube 2, 22-24: S. dorsalis; Tube 3—15,

17-18: T. palmi, Tube 16: no-template control. RPA clearly discrimi-
nated 7. palmi from other tested thrips species by a change in reaction
color from dark blue to sky blue

@ Springer
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Fig. 7 Identification of T. palmi collected from different crop spe-
cies using the RPA assay. DNA was extracted in sterile distilled water
on-site. RPA assay was performed with primer pair AGI117F and
AGI118R. I: no-template control, 2: 7. palmi DNA positive control.
3-8: unknown thrips collected from chilli (3, 9), brinjal (4), cotton
(5), onion (6, 11), cucumber (7), soybean (8), lettuce (10), mungbean
(12), tomato (13, 14), sponge gourd (15), and grape (16). The RPA

from chilli, onion, tomato, and grape did not show any color
change indicating that the collected thrips were not 7. palmi.
The sequences of mtCOI further confirmed the identity of
the positive samples as 7. palmi and negative samples as
T. tabaci (four samples), S. dorsalis (six samples), and F.
schultzei (three samples). The sequences are available in
NCBI with the accession numbers given in the data avail-
ability section.

Discussion

RPA is an isothermal alternative to PCR. RPA assay uti-
lizes three components viz. recombinase, single-strand DNA
binding protein, and a strand-displacing polymerase. Recom-
binase forms a complex with the RPA primers and assists
in binding the homologous sequence of DNA. Single strand
binding protein binds to a displaced strand and stabilizes the
subsequently formed D loop of the duplex. Strand-displacing
polymerase begins the extension from the primers only if
the target sequence is present. This technique has been suc-
cessfully used for diagnosis of animal and human diseases
including porcine coronavirus in piglets, Pasteurella mul-
tocida in cattle, Schistosoma haematobium in humans, and
zoonotic diseases caused by Mycobacterium avium subsp.
paratuberculosis (Rosser et al. 2015; Hansen et al. 2016;
Zhao et al. 2019; Ma et al. 2019a, b). RPA has also been
used in the diagnosis of plant pathogens including banana
bunchy top virus, little cherry virus 2, and citrus green-
ing bacterium (Mekuria et al. 2014; Londono et al. 2016;
Kapoor et al. 2017; Ghosh et al. 2018). However, RPA has
not been exploited so far to identify any insect species. This
is the first report of a field-based assay for the detection of
T. palmi based on RPA.

Thrips palmi is a major insect pest of vegetable and orna-
mental crops worldwide and a major vector for transmit-
ting several tospoviruses (Ghosh et al. 2019, Jangra et al.
2020a). It is a predominant tospovirus vector in Asia and
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assay showed the change in color from dark blue to sky blue with
DNA of thrips collected from brinjal, cotton, cucumber, soybean,
lettuce, mungbean, and sponge gourd plants indicating infestation
with T. palmi. No change in color with DNA of thrips collected from
chilli, onion, tomato, and grape plants confirmed that different thrips
species were present

also invaded Africa, America, and Australia (Houston et al.
1991; Cermeli and Montagne 1993; Murai 2002; Yadav
and Chang 2012; Seal et al. 2013). T. palmi was detected in
glasshouses in the Netherlands in 1988 and 1992 (Mound
and Gillespie 1997) and subsequently eradicated by destroy-
ing all affected plants (Cannon et al. 2007). T. palmi is on
the EPPO Al list and regulated as a quarantine pest in the
European Union (EPPO 2015). Rapid identification of T.
palmi is crucial in pest and disease management and quar-
antine. Several methods have been reported to date for the
molecular identification of 7. palmi including PCR, RFLP,
SCAR marker, multiplex PCR, real-time PCR, LAMP, and
monoclonal antibodies (Paran and Michelmore 1993; Banks
et al. 1998; Walsh et al. 2005; Yeh et al. 2014; Nakahara
and Minoura 2015; Przybylska et al. 2015, 2017; Jangra
et al. 2020b). Most of these techniques cannot be done in a
farmer’s field without access to a laboratory. LAMP can be
done in the field but it has limitations for complex primer
designing and by non-specific amplification with crude
extract. Moreover, LAMP requires either a real-time PCR
platform or a heating block for detection, and incubation is
required at a higher temperature than that feasible on-site. In
the present report, an RPA assay has been standardized for
field-based identification of T. palmi—a first for detection
of an insect. The assay does not require any sophisticated
laboratory equipment and can be completed in 20 min by
holding the reaction tubes in one’s hand. A LAMP assay
reported for identification of 7. palmi took at least 30 min
to complete at 63 °C incubation and analyzed in a real-time
PCR machine and/or visualized under UV light (Przybylska
et al. 2015). Using RPA, the presence of T. palmi can be
quickly determined by the naked eye based on the change in
reaction color from dark blue to sky blue.

Out of three primer pairs designed for the assay based
on 3’ polymorphism at ITS2 region of T. palmi, only one
pair (AG117F-AG118R) was shown to be specific to T.
palmi without cross-reactivity to congeneric thrips species.
ITS region refers to the chromosomal spacer DNA situated
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between the small-subunit ribosomal RNA (rRNA) and
large-subunit rRNA genes. This hypervariable region has
been preferred by several workers for discrimination of
thrips at the species level because of a larger interspecific
genetic distance than mtCol (Glover et al. 2010; Przybyl-
ska et al. 2015, 2017; Ghosh et al. 2020). Recent reports of
several variants of mtCol in T. palmi (Iftikhar et al. 2016;
Tyagi et al. 2017; Ghosh et al. 2020) were another reason
to choose ITS2 over mtCol in designing the RPA primers.

To use the RPA assay in the farmer’s field, an on-site
crude DNA extraction protocol from single adult thrips
was standardized. Crude DNA was extracted from single
thrips by simply crushing in distilled water. This method
minimized the time required for insect DNA extraction
and could be easily done in the field. The RPA assay
reported here was sensitive enough to amplify as little as
0.2 ag of template DNA, 10°-fold more sensitive than PCR
using the same primers. The previously reported sensitiv-
ity of real-time PCR for discrimination of T. palmi was
1 pg (Przybylska et al. 2017). The detection threshold
for LAMP assay was 2 x 10710 parts of an adult T. palmi
(Przybylska et al. 2015), whereas the RPA assay could
detect as low as 2.9 x 10™!3 parts of an adult considering
700 ng total DNA extracted from a single adult T. palmi.
In summary, the RPA assay developed here is 2 x 107-fold
and > 10°-fold more sensitive than real-time PCR and
LAMP, respectively.

The RPA assay was further simplified by using a col-
orimetric dye to facilitate reaction end-point detection
in the field. This negated the requirement of gel elec-
trophoresis. HNB is a metal ion indicator, reported to
be useful as a colorimetric indicator for Mg?* ions (Ito
and Ueno 1970). It has been successfully used in LAMP
reactions (Goto et al. 2009). HNB was included in the
present assay as a novel, inexpensive indicator of the
RPA reaction result. The color change from dark blue
(negative) to sky blue (positive) is induced by the chela-
tion of Mg?* ions by dNTPs (Gelfand 1989). The RPA
assay using HNB has several advantages over other diag-
nostic assays including that opening the reaction tubes
was not required to read the results, and that results could
be easily judged by the naked eye dispensing the use of a
UV torch. The on-site assay has been validated and used
to identify 7. palmi from natural vegetation. Crude DNA
extractions could be completed within 15 min, preparing
the RPA reaction mixture took less than 5 min followed
by 20 min incubation in the fist. The whole process was
completed in 40 min. Hence, this on-site, rapid, and sen-
sitive method for field-based identification of T. palmi
can be performed by non-expert personnel without any
sophisticated laboratory equipment and will be helpful in
quarantine and adopting suitable pest management strate-
gies quickly.
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