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Abstract

Phytophthora infestansghe causal agent of late blight in potatoes andatoss, is the most
important and ongoing pathogenic threat to agncalt production worldwide. Rapid and
early identification ofP. infestanss an essential prerequisite for countering thithér spread

of infection. In this study, a novel method for was detection ofP. infestanshas been
developed by integrating universal primer mediasgmmetric PCR with gold nanoparticle
(AuNP)-based lateral flow biosensor. We employednmasgtric PCR to generate large
amounts of single-stranded DNA (ssDNA) by amplifyia region ofP. infestansspecific
repetitive DNA sequence. The ssDNA products weea tipplied to the lateral flow biosensor
to perform a visual detection using sandwich-tygberidization assays. In the presence of
target DNA, sandwich-type hybridization reactiomsomg the AuNP—probe, target DNA and
capture probe were performed on the test line efllosensor, and then a characteristic red
band was produced for the accumulation of AuNPsarftative analysis obtained by
recording the optical intensity of the red band destrated that this biosensor could detect as
litle as 0.1 pg uL' genomic DNA. Furthermore, the specificity of theodensor was
confirmed by detecting three oth&hytophthoraspecies and two pathogenic fungi. We
believe this method has potential application ifdyeprediction of potato late blight disease

and instigation of management actions to reduceisheof epidemic development.
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Asymmetric amplificationPhytophthora infestans



1. Introduction

Plant diseases, such as the devastating potatdligte disease which can lead to
severe or complete potato yield loss [1-3], pogeeat threat to the sustainability of the world
food supply. The annual economic cost generatddtbyblight through lost potato production
and increased control management costs is conbsatyatestimated to be $6.7 billion
annually, worldwide [4]Phytophthora infestanghe causal agent of potato late blight, is the
most notable plant pathogen within the oomycetssepidemiological success is generally
attributable to rapid replacement of pathogen papat generated by a mixed mode of
reproduction although the incidence of sexual répection remained very low in most parts
of the world withP. infestangeproducing predominately via its asexual lined&eg|. In its
asexual mode, sporulation occurs on the surfacmfettion lesions with a single lesion
potentially producing thousands of sporangia, whigliminate directly to form infection
hyphae or release multiple motile zoospores thatincolonize and produce new sporangia
[8,9]. The massive numbers of sporangia are eakfipersed to new hosts by wind or
rain-splash thereby leading a very rapid incredskate blight that can completely destroy
entire fields of cropsvithin just a few days [10-12].

Management of late blight is a continuing globabldnge as the pathogen rapidly
response to the deployment of novel R genes thrthmlevolution of new virulence traits or
the release of novel fungicides through the devalam of resistance or tolerance within
pathogen populations [13-16]. In the fight agailagé blight, early detection is critical in
ensuring the most appropriate and efficacious d@ismiatrol mechanisms like fungicides. To

this end it is critical to develop a simple, inerpe, specific and sensitive method to detect



P. infestansat the earliest possible stage in epidemic devedy.

The most common and widely utilized techniquestfa routine identification oP.
infestansare enzyme-linked immunosorbent assay (ELISA) polymerase chain reaction
(PCR) [17-20] ELISA is a serological technique widely used ie tutine identification of
plant pathogens, but it is labor-intensive and tooesuming due to the requirement of
multiple steps and long incubation periods. PCRvipes high specificity, sensitivity,
efficiency and simplicity, which gives a reliablestdction method but often requires
additional steps of laborious gel electrophoresis @sual analysis of the resulting bands. To
overcome these limitations, there is increasingradt by pathologists in the development of
new detection methods.

Lateral flow assay (LFA), which combines chromatpgsa with conventional
immunoassay, has attracted considerable attentidhei biomarker analysis and diagnostic
fields because of its low cost, simplicity of usapid on-site responsiveness and simple
assessment based on visual assessment [21-23]ragngarticulate labels in the form of
colored or fluorescent nanopatrticles, such as gatparticles (AuUNPS), colored latex beads,
magnetic particles (MPs), carbon nanotubes (CNTgjuantum dots (QDs), are obligatory
for visual inspection in LFA and AuNPs are the mostnmonly used optical label [24-27].
LFA is usually combined with nucleic acid amplificat techniques to achieve high detection
efficiency [28-31]. It is noteworthy that asymmetACR is especially appropriate to combine
with LFA, because it produces single stranded Dhl#yets that can be directly used on the
lateral flow platform without the need for sampkndturation steps following amplification.

In the present work, we develop a new strategydpid, sensitive and visual detection



of P. infestansby integrating universal primer-mediated asymmeBCR (UP-APCR) with
gold nanoparticle-based lateral flow biosensor. ilicathl asymmetric PCR utilizes
conventional PCR primers at unequal concentratitmsgenerate single-stranded DNA
(ssDNA) amplicons. Unfortunately, that approachurezs extensive optimization of the
conditions, such as forward to reverse primer satmumber of amplification cycles and
annealing temperature, and tends to promote norifgpamplification [32-34]. Compared
with traditional asymmetric PCR, UP-APCR containseomore primer at a normal
concentration, a universal primer, and overcomestsbimings in traditional asymmetric PCR
[35]. The product of UP-APCR is primarily ssDNAcilitating a rapid test using the gold
nanoparticle-based lateral flow biosensor. Thiswalovisual detection of the amplified
products within several minutes. Using this latél@l biosensor, we amplified and detected
P. infestansgenomic DNA successfully with high sensitivity. i$happroach shows great
promise in practical applications for plant quana@tnd disease diagnosis use.
2. Materials and methods
2.1 Source of isolates and DNA extraction

All oomycete and fungal species used in this staidtylisted in Table SPhytophthora
infestans samples were collected from different geographreags of China. Other
Phytophthoraand fungal strains were available in our labosatorkindly provided by Dr. W.
Ye in Nanjing agricultural university, China. Altrains were carefully stored on rye agar,
potato dextrose agar or V8 agar slants.

To extract total DNA, these pathogens were iatedb on rye or potato dextrose agar

topped with sterile cellophane sheets before iradmn to facilitate collection of the mycelia.



After harvesting, mycelia were transferred intaite2 mL centrifuge tubes and lyophilized
with a vacuum freeze dryer (Alphal-2, Christ, Gamg)a The lyophilized mycelia were
ground to a powder with a mixer mill (MM400, Rets€ermany). Then genomic DNA was
extracted using a DNA extraction Kit (D3195-02, QuaeBio-tek, Beijing, China) following
the manufacturer’s instructions. In addition, tofaNA was extracted from botHP.
infestansinfected and healthy potato tissues (leaf and )stemsing the
Cetyl-Trimethylammonium Bromide (CTAB) method, assdribed earlier [36]. The DNA
was quantified by measuring the optical density & 2m with a spectrophotometer
(Eppendorf BioPhotometer, Hamburg, Germany) anaedtat -20°C for further use.

2.2 Functionalization of gold nanoparticles (AUNPS)

The 15 nm AuNPs were purchased from BBI SolutiddBI(Solutions, Cardiff, UK).
AuNP-probe labeling was completed according to ighkd protocols with slight
modifications [37]. Briefly, 1QuL of 200 uM thiolated detection probe was activated with 3.3
uL of 50 mM acetate buffer (pH 5.2) andub of 1 mM TCEP. After 1 h of incubation at
room temperature, 1 mL of the AuNPs was transfeimémla microcentrifuge tube, and then
the TCEP-treated thiol detection probe also wagdd@he mixture was incubated for at least
16 h under gentle shaking. Then (IO of 500 mM Tris acetate (pH 8.2) buffer was added
drop-wise to the tube with gentle shaking. Thelfihas acetate concentration should be 5
mM. The solution was aged by slow addition of 1@0NaCl (1 M) with rapid stirring and
allowed to stand for at least 24 h. After centrétign at 12,000 rpm for 15 min at room
temperature (23-25 °C), the supernatant was diedardnd the soft sediment of

AuNP-thiolated detection probe conjugates rinsedrésuspension in 1 mL of 10 mM



Tris-HCI bufer (pH 7.4) and collected after a second centrifogaat 12,000 rpm for 15 min.
Finally, the detection probe-modified AuNPs wersuspended in a solution containing 20
mM sodium phosphate, 0.25 % Tween 20, 10 % sucevgkb % BSA. The conjugates were
stored at 4 °C before further use.
2.3 Assembly of the gold nanoparticle-based latoaV biosensor

The lateral flow biosensor used in the present worisisted of four components: sample
pad, conjugate pad, nitrocellulose membrane (NC lmange) and absorbent pad (Fig. 1). The
sample pad, which was made of glass fiber, wagatatl with saline - sodium citrate (SSC)
buffer (4 x). Subsequently, the pad was dried at@7or 2 h and stored in a desiccator at
room temperature before use. The conjugation padusad as storage for the AuNP-probes.
A desired volume of the AuNP-probes prepared presho was dispensed onto the
conjugation pad, dried at room temperature, and giered in a desiccator before further use.
The NC membrane was used to form test line and@olme with streptavidin-biotinylated
capture probe T and streptavidin-biotinylated cepforobe C solutions. In brief, 50 of
100 M biotinylated probes were added to 1800f 1 mg mL* streptavidin solution, and the
mixture was incubated for 1 h at room temperatiBabsequently, the solutions were
separately immobilized on the NC membrane withHiM3020 X-Z dispenser. The distance
between the test line and control line was aroumdné. The membrane was dried at room
temperature and stored at’@ in a dry state. Finally, the sample pad, conjugstd, NC
membrane and absorbent pad were assembled withra 8verlap between each component
on a plastic adhesive backing, and the whole adsengitate was cut into 4-mm width strips

with programmable shears and stored in a desict@ttine subsequent assays.



2.4 Universal primer mediated asymmetric PCR

Asymmetric PCR mixtures (2pL) contained 1xPCR buffer (10 mM Tris-HCI, 50 mM
KCI, 1.5 mM MgC}), 200uM deoxynucleotide triphosphates (ANTPs), 0.25 Uadf DNA
polymerase, 30 nM forward primer (PiO8-U-F, Table 30 nM reverse primer (PiO8-R,
Table 1), 300 nM universal primer, L. DNA template, and deionized water. PCR was
carried out in an Eppendorf AG thermal cycler witie following program: 94C for 3 min,
40 cycles at 94C for 30 s, 52°C for 30 s, 72 for 30 s, and 7ZC for 10 min; 4C hold.
The amplification product was snap-cooled on iceotgefproceeding with the gold
nanoparticle-based lateral flow biosensor.
2.5 Visual detection of amplification product witle tateral flow biosensor

25 uL running buffer (4 xSSC) was mixed with 2& asymmetric PCR product. The
mixture was then dispensed onto the sample pabeofiold nanoparticle-based lateral flow
biosensor for rapid detection. After waiting for @fn, 50uL of running buffer was applied
to wash the biosensor. The red bands were visdahzighin 5 min. The results were
photographed and quantitative measurements wefe'ped by determining the peak area of
test line using ImageJ.
3. Results and discussion
3.1 The principle of universal primer mediated asyetric PCR (UP-APCR) based lateral
flow biosensor for detecting plant pathogen

The operating principle of the lateral flow biosenfor detectingdp. infestanss illustrated
in Fig. 1. Total genomic DNA was extracted frétminfestansnycelia or late blight-infected

potato field samples. Then, three primers, inclgdimiversal primer (UP) at a normal



concentration and specific primer pairs (forwardd areverse primer) at a limiting
concentration, were introduced into the UP-APCRlingc UP was a random DNA sequence
which was not present within the target genome’sADd¢quence and therefore made no
amplification. Specific primer pairs were used fedfically amplify well-conserved.
infestanggenes. Unlike traditional PCR, the forward primethis method contained an extra
specific sequence at its 5’ end; this was the sambeasequence of the UP. We called this
primer UP-added forward primer (UAFP). In the ialitphase of the amplification process,
double-stranded DNA (dsDNA) amplicons were generdtg the symmetrical UAFP primer
pairs (UAFPs and reverse primers), while the UPslanao amplification because of the
absence of a target template. Subsequently, wheefintiting UAFP primer pairs were used
up, the resulting dsDNA products were served aplaties for the excess UP to initiate linear
amplification and yield a large quantity of ssDNAgucts, which contained UP sequence at
their 5’-ends. The resultant PCR products were #ygplied to the sample pad of the lateral
flow biosensor without any pretreatment. The PCRipcts migrated through capillary action
to the conjugate pad, where AuNP—probes designdg/thadize with the universal primer
sequence of ssDNA were immobilized. The target ssDixbridized with the detection probe
on AuNP to form a complex and continued migratimgitrocellulose membrane, onto which
streptavidin-biotinylated capture probe T and dtejdin-biotinylated capture probe C
solutions were sprayed to form the test and coritnel respectively. The complexes were
captured on the test line by the second hybricdimabetween the target DNA and capture
probe T. A characteristic red band was then obseore the test line as the result of the

accumulation of AuNPs. The excess AuNP-probes waptured on the control line by



hybridization with capture probe C as they migratedher, and a second red band was
formed. Excess reagents were entrapped in thelarggpad. In the absence of target DNA,
no red band was observed on the test line.

3.2 Feasible analysis of the universal primer mastiaasymmetric amplification strategy

The primers PiO8-F/PiO8-R (Table 1) were used tgldynand detect a 245 bp.
infestansspecific repetitive DNA sequence [38]. To verifjether the addition of universal
sequence to the 5’ end of PiO8-F would affect tifieiency of the PCR process, traditional
PCRs were performed using conventional (PiO8-F/FRp&nd UAFP (PiO8-U-F/PiO8-R)
primer pair, respectively (Table 1). No apparerifedence in band intensity was observed
between the two primer pair, which demonstrated it UAFP primer pair had equivalent
amplifying efficiency to the corresponding conventl primer pair (Fig. S1, lanes 1, 2).
Because the PiO8-U-F had a longer universal segu@icnt) at the 5’ end than the PiO8-F,
the amplified fragment of UAFP primer pair was 21l&mer than that of the conventional
primer pair.

We investigated the feasibility of the universainpr by comparison of amplifications
with and without its presence. Two groups of PCRhwand without UPs) were performed
with UAFP primer pairs at the concentration of 200 and 20 nM, respectively. When the
concentration of UAFP primer pairs decreasing f&00 to 20 nM, the intensity of amplified
fragments fell markedly to nothing in the absen€éeU®s (Fig. S2, lanes 1, 2), but the
amplified fragments were detected at the conceatrati 20 nM with UPs (Fig. S2, Lane 4).
The results showed that the UP was well-designedffcient PCR amplification.

After asymmetric amplification, polyacrylamide geallectrophoresis (PAGE) was

10



conducted to confirm the presence of the desirBiNssproducts, together with the dsDNA
products counterpart (Fig. 2). The band below 3pOiricated the presence of dsDNA
productsAs the concentration of the UAFP primer pair insezhfrom 20 to 60 nM, the yield
of dsDNA products increased, as did the intensityhe bands in the electrophoresis. The
band, located between 500 bp and 600 bp, represémeessDNA products. As the UAFP
primer pair increased in concentration, the intgnsf this band also increased, reaching a
maximum intensity at 30 nM. Above this level bantensity declined, consequently, 30 nM
PiO8-U-F/PiO8-R and 300 nM universal primer weresdn for the following PCR reactions.
3.3 The sensitivity of the proposed gold nanoplerii@ased lateral flow biosensor

Different concentrations of genomic DNA froR) infestanswere tested to evaluate the
sensitivity of the proposed biosensor. Figure 3@spnts typical photographic images of the
sensor in the presence of target DNA concentratidi®0 pg pl*, 10 pg p%, 1 pg pLt, 0.1
pg pLt and 10 fg plt. Reproducibility of the approach was confirmedésting each sample
three times. There was an obvious and continuociedse in the intensity of the test line as
the concentration of the target DNA decreased. Whertarget template was lower than 0.1
pg uLY, no distinct red band was observed on the test ko the detection limit of this
biosensor was estimated to be approximately 0.11lpY The result of the electrophoresis
was consistent with that of the lateral flow biocsem (Fig. 3B). The peak area in the
cartogram represents the intensity of the test theeach strip (Fig. 3C). The resulting
calibration plot shows a linear relationship betwgeak area with the concentration of target
DNA (R*=0.96).

The sensitivity of the proposed biosensor is higtiem previously reported nucleic
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acid-based pathogen detection platforms [39-42¢ Righ sensitivity can be attributed to a
number of factors. Firstly, the UP-APCR has showong and reliable ability for target
fragment amplification, so target sequences weffecsunt for detection, which improves the
sensitivity of lateral flow biosensor. Secondly,stlmplification process produces ssDNA
targets, which can be acted upon directly at roemperature without the requirement for
further heating or denaturation at the visual deiacstep. Thirdly, AuNPs used as
colorimetric labels on our lateral flow biosensog stable and have an intense red color that
is easily detected by naked eye, which help thednisor to achieve better performance.
These characteristics enable the method to havedeigsitivity.
3.4 The specificity of the proposed gold nanopketizased lateral flow biosensor

Specificity is another important quality index inraptical applications for the
identification of infectious plant pathogens. Theedficity of the proposed biosensor was
tested using the closely relat&hytophthoraspecies and other potato fungal pathogens
(Table S1). Genomic DNA oP. infestans, P. capsicP. sojag P. nicotianae Alternaria
solani and Rhizoctonia solanivith an isometric concentration of 10 pg tilvere analyzed
using this biosensor. As shown in Fig. 4A, two clead bands were observed at the test and
control line only forP. infestanswhereas only one red band at the control line etserved
for the control sample and for the five other pgts assessed. Fig. 4B showed that no
amplified products were observed in the assays pfodirthe non P. infestangpathogens
(lanes 1-5) or the control, but a distinct band whserved in the assay with tRe infestans
(lane 6). The cartogram in Fig. 4C was consistetit the result of lateral flow biosensor and
the gel electrophoresis. These results demondinatethe proposed biosensor shows very

12



high specificity.

The primer pair (PiO8-U-F/R) was designed to amgpiid detect &. infestansspecific
repetitive DNA sequence. This highly repetitiveneémt inP. infestansad proved to be 100
times more sensitive than internal transcribed eipédS) detection [43]. Repetitive DNA
sequences are abundant in most eukaryotic genavhed) are essential for genome function
[44,45]. They have been widely used for molecuatohomy and sensitive detection or
identification of plant and animal pathogens [46-%1 our method, the high specificity of the
PiO8-U-F/R primer pair ensures that our biosens@pecific tdP. infestans.

3.5 Evaluation of the gold nanoparticle-based lateflow biosensor using infected plant
samples

To evaluate the application of the biosensor, tBtBlA was extracted directly frorP.

infestansinfected potato tissues and healthy potato tissmelsthen subjected to asymmetric
amplification and biosensor assay. As shown in by.and C, two clear red bands were
observed at the test line and control line withRhénfestansnfected samples, whereas only
one red band at the control line was observed thi¢ghhealthy sample and the control. The
results were also validated by electrophoresissimmived high consistency (Fig. 5B and D).
These results verified the potential field use ofptoposed biosensor.

Nowadays, immunological methods and nucleic acgetlamethods have both been
applied to identify plant pathogenslucleic acid-based methods, especially PCR, show
advantages over immunological methods due to thesater sensitivity, specificity and
rapidity [52,53]. Furthermore, advancements in deselopment of biosensor systems for
pathogen detection have greatly enhanced the setysispecificity and simplicity of nucleic

13



acid-based assays [54,55]. So developing conveniest-effective and specific diagnosis
tools for plant pathogen monitoring applicationsdrees possible. In consideration of the
superiorities of PCR and lateral flow biosensorudtaneously, we have demonstrated a rapid
approach for detecting. infestansusing UP-APCR with gold nanoparticle-based latéoal
biosensor. This biosensor presents several adwemt&gst, the UP-APCR based lateral flow
biosensor presented here is sensitive, which sbateéd to the target amplification of
UP-APCR and sensitive gold nanoparticle-based dhtibow biosensor. Second, since the
UP-APCR products are primarily single-stranded DN&iding the necessary for any
denaturation or purification, the detection procgednecomes much simpler than traditional
analytic methods. The test procedure including #mglion and visualization can be
completed in less than 1.5 h. Third, the desigprimhers and probes in our method is easy to
perform. Furthermorethis approach requires neither complicated operatinor special
apparatus. Based on these advantages, we belaveuhmethod has enormous potential for
application in the early prediction and surveillanaf plant disease and in assisting the
implementation of management practices to redueeisk of epidemics.
4. Conclusions

A gold nanoparticle-based biosensor based on UPRAR@Ss successfully constructed
for sensitive, rapid and visual detectionRofinfestansThe assay takes advantage of the high
amplification efficiency of the UP-APCR and the fadnle gold nanoparticle-based lateral
flow biosensor. As a result, the low detection limit0.1 pg uL* genomic DNA fromP.
infestanswas achieved with high specificity within 1.5 Im. &ddition, we demonstrated the
ability of this biosensor to successfully detBctinfestansn infected plant samples. With its

14



rapidity, simplicity, sensitivity and specificitjhe method we proposed has great potential for

field application.
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Figure captions
Figure 1. Schematic illustration of gold nanoparticle-badateral flow biosensor for

identification of plant pathogens.

Figure 2. Polyacrylamide gel electrophoresis (PAGE) analydemtified the presence of
double-stranded (dsDNA) and single-stranded (ssDNaplification products. The
concentration of universal primers (UPs) was maieth constant at 300 nM while the
concentration of universal primer — added primarsp@iO8-U-F/R) was varied from 20-60

nM shown above lanes 1-5. Lane M: 2000 bp DNA maikane C: negative control.

Figure 3. Sensitivity assay of the gold nanoparticle-basatbraél flow biosensor. (A)
Photographic images (left) and corresponding optiesponses (right) of the gold
nanoparticle-based lateral flow biosensor witlifedent concentrations oPhytophthora
infestansgenetic DNA. Strips 1-5 correspond to concentretiof 100 pg pt, 10 pg pLt, 1

pg pL*, 0.1 pg p* and 10 fg prk; strip C is a negative control. (1) — (3) reprdstre
triplicate test results of different concentratmfrtarget. (B) 1% agarose gel electrophoresis of
the amplification products. Lanes 1-5 are 100 pg, 0 pg pL*, 1 pg pL?, 0.1 pg pC* and

10 fg pL?, respectively. Lane M: 2000 bp DNA marker; Lane r@gative control. (C)
Histogram presenting the corresponding peak arbd®edest line. The inset was calibration

curve for this detection method ané\Rlue was 0.96.
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Figure 4. Specificity evaluation of the gold nanoparticledzhdateral flow biosensor. (A)
Photographic images (left) and corresponding optiesponses (right) of the gold
nanoparticle-based lateral flow biosensor for theceigity assay. Strips 1-6 correspond to
the test results forPhytophthora capsici P. sojag P. nicotianae Alternaria solanj
Rhizoctonia solanandP. infestansstrip C is test results for the negative cont(d). — (3)
represent the test was repeated for three timgs1l¥B agarose gel electrophoresis of the
amplification products with different targets. Larke-6 ard’hytophthora capsicP. sojaeP.
nicotianae Alternaria solanjRhizoctonia solanandP. infestansrespectively; Lane M: 2000
bp DNA marker; Lane C: negative control. (C) Histng presenting the corresponding peak

areas of the test line.

Figure 5. Visual detection ofPhytophthora infestangrom infected potato tissues. (A)
Photographic images (left) and corresponding optiesponses (right) of the gold
nanoparticle-based lateral flow biosensor. Stripg terrespond to the test results for
infestansinfected leaf samples; Strip 8: healthy leaf samgtiep C: negative control. (B) 1%
agarose gel electrophoresis of the amplificatiadpcts with different leaf samples. Lanes 1—
7 areP. infestangnfected leaf samples; Lane 8: healthy leaf samp@e M: 2000 bp DNA
marker; Lane C: negative control. (C) Photograpimages (left) and corresponding optical
responses (right) of the gold nanoparticle-bastatdaflow biosensor. Strips 1-5 correspond
to the test results fd?. infestangnfected stem samples; Strip 6: healthy stem sangptip C:

negative control. (D) 1% agarose gel electrophsredi the amplification products with
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different stem samples. Lanes 1-5 BRreinfestangnfected stem samples; Lane 6: healthy

stem sample; Lane M: 2000 bp DNA marker; Lane @atige control.
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Table 10Oligonucleotide Sequences

Oligonucleotide Sequence(5’-3)

PiO8-F AAGATGATGTTGGATGATTG

PiO8-U-F CCAATCCAATCCAATCCCCRAGATGATGTTGGATGATTG

PiO8-R TGCCTGATTTCTACCTTCT
Universal primer CCAATCCAATCCAATCCCCCC
Thiolated GGGATTGGATTGGATTGGTTTTTTTTTTTTTTT-C6-SH
detection probe
Biotinylated CCAATCCAATCCAATCCCTTTTTTTTTTTT-Biotin
capture probe C
Biotinylated Biotin-TTTTTTTTTTTTTGCCTGATTTCTACCTTCT

capture probe T
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Table 1 Oligonucleotide Sequences

Oligonucleotide Sequence(5’-3)

PiO8-F AAGATGATGTTGGATGATTG

PiO8-U-F CCAATCCAATCCAATCCCCCCAAGATGATGTTGGATGATTG

PiO8-R TGCCTGATTTCTACCTTCT
Universal
CCAATCCAATCCAATCCCCCC
primer
Thiolated GGGATTGGATTGGATTGGTTTTTTTTTTTTTTT-C6-SH
detection probe
Biotinylated CCAATCCAATCCAATCCCTTTTTTTTTTTT-Biotin
capture probe C
Biotinylated Biotin-TTTTTTTTTTTTTGCCTGATTTCTACCTTCT

capture probe T




Universal primer-added

forward primer Reverse primer 00000000000
\/\f + AN
19.0.0,.0.0.0.0.0.0.0.09
0.0.0.0.0.0.0.0.0.0.0.0000.0 _—
: 19.0.0.0.0.0.0.0.0.0.0¢
Pathogen Exponential
genomic DNA amplification
N Linear
Universal primer amplification
RS NINSNS NN
NSNS NSNS\
SLNSNSNSNSNSN
ONSNINSNSNA\
T
I | Positive result

__ ol e

| Negative result

Control line Test line

Absorbentpad Nitrocellulose membrane Conjugate pad Sample pad
L0 Streptavidin S Biotinylated capture AuNP-probe
o probe Tand C



700
600
500

400
300

ss-DNA—

ds-DNA—
200

100
(bp)




Control Test Control Test Control  Test Control Test Control  Test

Control Test
line line line line line line line line line line

line  line

oA B I I - N
/‘( Ll 1 JU L ! )
0 " ‘

N A b N9
2 JL | 2 JL e U
/ \w N i \f | N A\ N\
3 I I JU N : 3,,l_ l - 3 l l J( L JL
f\ P //‘\ ‘cA\
. ' I . /‘( ]k,, A\ 4 l ' J \\ A 4 l I f/“ \‘\,,7,,»"’“\,,
i 0
E ' JL_ 5 J\ 5 l L
0 A ’
& l J BE ' I\ < ' i
(D (2) (3)
B C
120001
10000
[0]
(bp) £ 80004 oot o oy
2 Concentration of genomic DNA
2000 & 6000 }
1000 g
750 T 4000
500 3
250 Q. 2000
100

100pg/uL  10pg/pL  1pg/uL  0.1pg/pL  Control
Concentration of genomic DNA




Control

line
e 1
> 1
—
R
—_—

(bp)

2000
1000
500

250
100

Test Control Test Control ~ Test
line line line line line

Control Test
line line

N f\
f [\
[ 1 /|
J J L S

g |
i

10000
8000 4
6000 4

4000

Peak area of Test line

2000

Control ~ Test
line line line

(o)) W
- — —— — —

(€))

Samples

Control Test

line



A B

Control Test Control Test
line line line line

N
a
|

—
-

f/\\
|
|

|

HEEEE
SEiEE

,
6 | f
7 I ! sﬁl‘
8 I f\
cl
C Control Test Control Test D
line line lme lme

L:;

(bp)
2000

X 1000
/| 750
x 500

250

100

oxul.l;‘w

- —

|

1



Highlights:

» A gold nanoparticle-based lateral flow biosensor fosual detection of
Phytophthora infestans has been developed.

» The results of polyacrylamide gel electrophoresisficmed the presence of the
desired single-stranded DNA products.

» The specificity of the biosensor was confirmed bgtedting three other
Phytophthora species and two pathogenic fungi.

» The biosensor was used to detect infected leabtamd samples.



