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ITS2 DNA Sequence Analysis for Eight Species of Delphacid Planthoppers
and a Loop-mediated Isothermal Amplification Method

for the Brown Planthopper-specific Detection
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ABSTRACT: Estimates of evolutionary sequence divergence and inference of a phylogenetic tree for eight delphacid planthopper species were
based on the full-length nucleotide sequence of the internal transcribed spacer 2 (ITS2) region. Size of the ITS2 DNA sequence varied from 550 bp
in Sogatella furcifera to 699 bp in Nilaparvata muiri. Nucleotide sequence distance (d + S.E.) was lowest between N. muiri and N. bakeri (0.001 £ 0.001),
and highest between Ecdelphax cervina and Stenocranus matsumurai (0.579 £ 0.021). Sequence distance between N. lugens and other planthoppers
ranged from 0.056 £ 0.008 (V. muiri) to 0.548 + 0.021 (S. matsumurai). In the neighbor-joining phylogenetic tree, all planthoppers were clustered
separately into a species group, except N. muiri and N. bakeri. The ITS2 nucleotide sequence of N. lugens was used to design four loop-mediated
isothermal amplification (LAMP) primer sets (BPH-38, BPH-38-1, BPH-207, and BPH-92) for N. lugens species-specific detection. After the LAMP
reaction of three rice planthoppers, N. lugens, S. furcifera, and Laodelphax striatellus, with the four LAMP primer sets for 60 min at 65°C, LAMP
products were observed in the genomic DNA of N. Jugens only. In the BPH-92 LAMP primer set, the fluorescence relative to that of the negative
control differed according to the amount of DNA (0.1 ng, 10 ng, and 100 ng) and incubation duration (20 min, 30 min, 40 min, and 60 min). At 65°C
incubation, the difference was clearly observed after 40 min with 10 ng and100 ng, but with a 60-min incubation period, the minimum DNA needed
was 0.1 ng. However, there was little difference in fluorescence among all DNA amounts tested with 20 or 30 min incubations.
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WHL [Nilaparvata lugens (Stil)]= =HzjE Hiy)
(Hemiptera: Delphacidae)o]] 531= & Z10] 5 mm ©]5}2] 43
1207 27 W(Oryza sativa)7} AHl| == ofAJole} @ Afjo}
Yo} x]&of Bzslcl(Wilson and Claridge, 1991). S22

oflA] 7L LS 2ok St 68 el 79 Bk

2002). 1t efEkazel] Mx)HE felEollAl mY = 5 vt
Fzol| A& felE] o] 148l BE A ¢ T2 §AKRE300] 9]
7|7} AR bAFENA HEE YeelA F7ds5k] FA
ATh(Kim et al., 2002). Y- A oAl = Bd L2 2 I1E i
©]95%7} {7} obd thE F 0 2 A5 F A H AR = U

Atololl ZAIF A Z-0] 7155 BlaL vl sl ek 85l ol 1]
3 E =31 It Uhm et al., 1988). HE L B] 9] H 3L 4200

2 27 Wotul 1 AR 49 1S 534K hopperbun)

THRecitation of Uhm and Han, 2000 by Kim et al., 2002). ©| &
HebstuAl v w7 thid ez w=of A fels AR ¥
+79) Boket 4L B7] 919 stolHElas s)ke] Auw
A7) 2 9lE T 9] 2350t (Sogawa, 1982; Wilson E skl on W 54 885 ol A= EoHti(Kim
and Claridge, 1991; Seo et al., 2009). $-2|yg}of| A= wWE17} et al,, 2002). =T Ao = g A]- # HY7|eAlE 9
AP et A HE 5 AdiA GolA =2 BAsk=t] Bd oz A5 T 2 I FRUS o R “Hs
S up A (ha)o] H 204 Fk 19981(164,577.80), 2013 A" B ¥ WL e 7S 948
14(104,599.36), 2005:(90,500.40), ~12] 11 2006'3(62,279.20) QL & 3
S0 §olom 20056l AFI et itkFig 1), ET el F BEAT 915
12 3|

HEW G ] Zuf ] Hof| A= 2005~2006 1 of| HHtof| 9 2 57g0] ofE Wi-L5 st ] A o g Fho]
3l RRSV (rice ragged stunt virus)2} RGSV (rice grassy stunt 7He sl Aotk AEA 9 FRol A e TS B
virus) 9] 7} 2 = Hio]eXof| EZFAE wlofA “A 2 LAl = o Sl gbHEskaL Heket BARs A 7)ol 8 E

T gl o] oF 19 279 D2|($) 4do] AAA &4o] &S] DNA AR EE S83t SR AHHH-S(PCR)
9] ¢JtHCabauatan et al., 2009). LS =2 u7 e (sensitivity, >10 copies)2} E0]A(specificity)

Selbelol Al HET 5 vl 3 YRS AR & 02 BAEgel de] 28T 9o, WA denaturation),
Gkl Q= dlEzet wE oA A9 dEAdIAES F A ¢H(annealing), 41%H(elongation) 174 9] WHE-2 fisf et
aff AAA o= RSk 41581 3-8kl QItHKim et al., e 2o AIZF dAo] 715k aL7ke] PCR H|7F @-Fth
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Fig. 1. Occurrence area of Nilaparvata lugens in Korea from 1998 to 2016. Left two inner pictures show the infestation of rice plants by a
few M. lugens adults, and severe hopperburn damage by the outbreak of N. lugens in the paddy field in 2005. The right inner graph shows
the percent distribution of the cumulative occurrence area of V. lugens in 17 regions of Korea from 2008 to 2016. Data were downloaded
from NCPMS (National Crop Pest Management System) (http://ncpms.rda.go.kr).
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(Nagamine et al., 2002). 5224 147t oy HFg-o 2
PCR¥} FARRE RIZHEC} S0l 2h= Al e253
(Loop-mediated isothermal amplification, LAMP)-2 Notomi
et al. (2000)°] 23} 7L A H4H(DNA E=RNA)S 5
28} 2 gl 7)&olth, T AELEEE a1 F )
o] Bl 3t Fo) Zefo]u] A E(QIF Zefo|m AE: F3&}
B3, U5 sTajo|m) K| E: FIPS} BIP), 2) Bst DNA £3Ha 2, 3)
¥FS-G9l, 4) E DNAZL 7|22 0% B asie), v Zajo]
o FIPZ}BIP = 222 112] 7} h5o] 4| w2 Tl 2ol )d], 9
= majoluel F32} B3 Alo] 2] ofol 4 717t el DNAS)]
A2 o2 5 7l XA o) 4] senseL}antisense A| FAE 725} 0]

TAABTHol: FIP = Flc-F2, BIP = Ble-B2). 3ta A4S
(PCR)3} &2] ¥HA)(denaturation) 2} o] 137 % 3Hannealing)

7} A% elongation) TS 60~65T o] 5227 Oﬂ/ﬂ 30~60
FSAIS WS i 7|9 5 50 52 AnkE
3% 9lck. 2714 0 2 FI}F2 Ao|2} BI 3} B2 Afo]
S 7|4ko 2 A 2FE Loop primer (LF 2} BF) S AR&-51H
M2 12 9= 4= 9= 8317 QIthNagamine et al.,
2002). LAMP‘ﬂo .o pCRYMH B} Tl 7hol| At vjg oz
non-target DNA£} PCR inhibitors (B, &
257k 0@ 2R RO 23S

A o] QIT(Njiru, 2012; Zhang et al., 2014).
5 29] 3404 2] glol A14sta %
3 L 9lem, LAMP A1HE 81
J% S SOl A F AT 74%%EP°J3P

AFolA EE&S 4 Jes A EAL T
(Njiru, 2012; Mori et al., 2013; Zhang et al., 2014).

Bonizzoni et al. (2009)-2-28S2} 18S 2] H<RNA AF0]9] IGS
(intergenic spacers) G 9-S o]-gs}o] MR W 7| 0}1}9] Anopheles
gambiae®} A. arabiensis, Z}Z}2] F(species) £°] LAMP =~ &}
o2 A2H51T LAMP 8- Sredat 3}, 7] 2] PCRYMH
oH] 93~100% W R F F-& So]x oz He 4 gllct.
Dickey et al. (2013)-2 HHl|7}5-0][Bemisia tabaci Gennadius
(Hemiptera: Aleyrodidae)] <E-3(species complex) 2] 1| &
o} AR LE S Aol 1 (mt COI) DNA A2 Hol
o|-g-sto] ml= Z=e|the] ofeff MY U (cryptic species)
¢l MEAMI1 (the Middle-East Asia Minor %+= Biotype B)2]
LAMP 50| szefo|HE |25t LAMP S35 875 the &
WS vl wstic. 7 A guhRoleh e el £Al7}
5 10£9] 7}5-0](whitefly)
2@} Mediterranean (MED 4= Biotype Q) & =2 89 &
Hj7FRo] FEet SUFol A= LAMP S-30] 1AL ul=

F0|(Trialeurodes vaporarorium) 5

Z2rhe] o M) FulirkE ] 29%0]l MEAMIS &
e 4= Qlof m=oll A MEAMIS £l o2 skt &-§
2 75AS AABFATH Dickey et al., 2013).

2 Aol A= WEHN. lugens), AZEHN. muiri), B2
T=2O|(N. bakeri), EXIB-H Changeondelphax velitchkovskyi),
358K Sogatella furcifera), B Laodelphax striatellus),
ASEY Ecdelphax cervina) R QEE Stenocranus matsumurai)
ZEE Y 2]H4RNA 99 ITS2 (Internal transcribed spacer
2)9] A HAE sfi=stal w9]wH(outgroup) &= Hl=Alu e
(Metcalfa pruinosa) (Hemiptera: Flatidae)@} Et}2]7ln]3] 2]
=R (Riptortus pedestris) (Hemiptera: Alydidae) 2] ITS2 DNA

AHAE A v ws}S oW, F(species) IH a2 LE| = 2}0]
o TE|Ul S-S S ELAMP) 7143 5] S5 uTe} o
2HE YIS So|H e Pue 4 Qi WS B,

Qo] ALgE BRIABEL, wET o], SupEL,
ARSET QR 532 ] BT AXH 25l A
5io] FUSUAALAA Foh Y kOl

AR uAY, EE, T % AEET 3EL oA &
F712 Alste] Tl 2EAIAIA o] of2l
B2 o] FohA LA 5 AL Agsioch 1)
A (M. pruinosa)+= 20139 SHEE A AU(36°45' N
12728’ )oll A A2 458 240] A5},
7l DNA & U ITS2 Y AREA S

H-57 85 (species) ¥} Pl A | He| 258 Al DNA 3=

2 913l Seo et al. (2014)2] WHH-S ARE-5F3ITE 1.5 ml tubeo]]
20 mM NaOH (Sigma-Aldrich, U.S.A.) 88 €77 31222
S upfslar 95C 2 71E3k & 1 M Tris-HCl -&H(pH 8.0)
(BIONEER, Korea) 0.2 F3}A|7]al f4E2|5to] A S
e o2 SRSk oA fojxl Al DNA= 5.8S9
285 2 m5 992 AJo|] ITS2 o) A4S 9fa) A-s] 2ick
3, LAMP 1130] b8t uE, a7 2 95879)
7|35 DNA+=CTAB extraction solution (iNtRON biotechnology,
Inc., Korea) 1} 2-mercaptoethanol (BioPure, U.S.A.)S- ©]-8-5}¢]

ZZ3[9) CTAB extraction solution 10 mlo| 2-mercaptoethanol

73 plE 4lo] CTAB & £H2 W50} 1.5 ml tube©]| 200 ul
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E @13 AHE vlstg ) 65C oA 1A]7F =2k 71 A 71 4220 ulof &0]37 RNase A (Thermo Fisher Scientific, U.S.A.)
% chloroform/IAA (iNtRON biotechnology, Inc., Korea) 200 1 plE g 0] 30271 429 &0} & F NanoDrop 2000 (Thermo

ul& 11 vortex 3}l 13,000 rpmof| A 5E7F QA1 5a] 5}t Fisher Scientific, U.S.A.)& ©]-8-3to] &% 75 DNA &
AFZol-S Al 1.5 ml tube 2 7] 21 isopropyl alcohol (BioPure, =435}
US.A) 100 plo} 2 410} A70] YOI FES Lol 2087 WTF0]ITS2 o] el 2 8= A2 418 7] 9i3)

B35 4°C 2704 13,000 rpm O 2 2057+ YAl Ee|E &} 223 PCR Zalo]H ITS3 (5'-GCATCGATGAAGAACGC
glct. 0]3-70% EtOH-S 0|83} washing & BH5 32} 25 AGC-3")2}ITS4 (5-TCCTCCGCTTATTGATATGC-3') 7} AF

Table 1. Mean distance (d'+ S.E.) of the ITS2 region among planthoppers collected using a light trap or aspirator in a paddy field

Estimates of mean distance by ITS2 sequence

Species GenBank Length Within Between species groups [d \ S.E.]
(Korean name) ID (bp)  species
2 3 4 5 6 7 8 9 10
[d (S.E)]
Nilaparvata lugens KC417466.1 693 0.000
1 0.008 0.008 0.018 0.020 0.018 0.019 0.021 0.025 0.020
(g AB625608.1 693  (0.000)
Nilaparvata muiri
2 . KC417468.1 699 0.056 0.001 0.017 0.019 0.018 0.019 0.021 0.025 0.020
(AEEA or 0|2
3 Nilaparvata bakerl ye 174671 698 0.058 0.001 0.017 0.019 0.018 0.019 0.021 0.025 0.020
(H:] E:ILEO])
Changeondelphax
4 velitchkovskyi KC417473.1 611 0.303 0.297 0.297 0.020 0.017 0.020 0.021 0.027 0.021
(=
KC417469.1 550
AB625596.1 550
AB625597.1 550
AB625598.1 550
AB625599.1 550
Sogatella furcit AB625600.1 550
ogatella furcifera .
h AB625601.1 361 0. . 334 017 0.021 0.021 0.025 0.020
(B 62560 S50 gopy 0361 0358 0.358 0.33 0.017 0.021 0.021 0.025 0.0
AB625602.1 550
AB625603.1 550
AB625604.1 550
AB625605.1 551
AB625606.1 550
AB625607.1 550
Laodelphax striatellus  KC417472.1 600 0.000
6 0.351 0.348 0.348 0.296 0.236 0.021 0.021 0.026 0.021
(B AB625609.1 600  (0.000)
Ecdelphax cervina
7 KC417471.1 628 0.484 0.479 0.479 0.444 0.470 0.444 0.021 0.027 0.022
(1)
Stenocranmus maisumural 174701 566 0.548 0.535 0.535 0.562 0.560 0.548 0.579 0.024 0.020
(82EH
Metcalfa pruinosa
9 KF268031.1 332 0.668 0.669 0.669 0.647 0.631 0.632 0.691 0.699 0.029
(A=A )
1o Riprortus pedestris — \porseent 537 0.666 0.676 0.676 0.646 0.704 0.675 0.689 0.703 0.489

G 4 o g e )

Italic bold ones in GenBank ID were newly sequenced by using the PCR-direct sequencing method in this study.
As an outgroup, ITS2 regions of (9) Metcalfa pruinosa and (10) Riptortus pedestris were compared in this study.
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2X Taq Premix with dye (Inclonebiotech CO., Korea) z/Jl
12.5 plo]l Batd 35577, 59 PCR Zafo|u] ITS3<}
ITS4, 212+ 10 pmol, Alss DNAE 2525 pl 2 9HEa1 2 4 o]
cha 3} o] St el w3 S 913 95 C ol 587k 7
(H4) 94T 30%- (AP 56TC 30%-(AFH 72C 15
‘ﬂ%ﬁ R e (41) 72°C 58-S 900k PCR 5%

M= 1 x TAE W5 9] 1% opt@ A0 47|55 51 QOJ
s, %%% PCR 4HE9] 714 Ari (Puiazl
(Korea)oJ| 4] PCR-direct sequencing2 =3} SR 5}cE 2 o
TolA sl H-H(Delphacidae) 2] 8F(species)2t t]=4d
HRAH(M pruinosa)®] ITS2 DNA ¥7|4E AEE= NCBI
GenBank dH|o]E[H|o|Aof SE5}¢cHTable 1). Ecta]7)uv]
B2 = HAY(R. pedestrzs)A ITS2 DNA ¥7]4<g-& NCBI
GenBank database®]| 7]& 555 0] Q)= HJ K5 L8513t

+

]_

Q
o ?o« 4N

w1
(US)
v
rﬂ-&oﬁ

rl

7 IMEXIOI2t EXPiIS &4

NCBI GenBankol]] 5%% H37KDelphacidae)?] 1TS2
DNA 7| go] g 2271 A 2o} = ey, el 7y
]3] =AY (R. pedestris)] ITS2 DNA 7|4 Eo] E3He

R ERE 2]HERNA F2 A7 A& A ASKAL ¢RHTS2
DNA ¢7]44¥ A EE The ITS2 Database (http:/its2.bioapps.
biozentrum.uni-wuerzburg.de) 2] Annotate 7|50 2 A|#3Fch
ZA| 1071 Z(species) &2 HE] 22471 9] ITS2 DNA 7|4 <&
A B EMEGA 6.06 (Tamura et al., 2013) 9]l U35 CLUSTAL
W &a1g]&9] 7| 2974 274 © & multiple sequence alignment
£ 4=343}9 ). o] 2= MEGA 6.06 (Tamura et al., 2013)S

23 ZF Z(species) 7+ E= F(species) W G714 ExfolEA
(Mean distance) ¥} Neighbor-Joining }HH 0 & Ex} A S B
A|(Phylogeny)& =2§53ict. nl=Alu el Fote]7iv] s
2| e el A= 2] outgroup) 0.2 AR5}

LAMP 52 21t 2™

BN, lugens)©] ITS2 - ZAAHNCBI GenBank ID: KC
417466)= vlEro @ Bl 94} EE0] [TS2 %< DNA
125} lmsjo] 37 Sol4ol LAMP ol $225
PrimerExplorer V5 43 E $]Jo](http://primerexplorer.jp) &

ol AA Sk o/ 5T Table 2).

LAMP Y132 DNA Amplification Kit (Eiken Chemical

Co., LTD., Japan) & -2lato] Al2Ale] AFga1l0] uje} 2]

Table 2. LAMP primer sets designed in this study to discriminate Nilaparvata lugens from other planthopper species

LAMP set Primer Nucleotide sequence (5" - 3) Size
F3 CAATCGAGTCTTCATATTGTGT 22
BPH.38 B3 CAACAGCTTGCAGGGATG 18
FIP ATGACAAGCCAATGCTGAGCTGATTGGATTCCACTTTGC 39
BIP TGCAGTTGTGTGTTTAAATGTCTTTCAAACAACATTGAATGTAGAGC 47
F3 CAATCGAGTCTTCATATTGTGT 22
BPH-38-1" B3 CATGGAAAGGTGTATTCATCG 21
FIP ATGACAAGCCAATGCTGAGCTGATTGGATTCCACTTTGC 39
BIP TGCAGTTGTGTGTTTAAATGTCTTTCAAACAACATTGAATGTAGAGC 47
F3 TGATTGGATTCCACTTTGC 19
B3 TGTATTCATCGACCAGCATG 20
BPH-207 FIP GGCATGTGCATGTCAGAGTCGACATTTGTGGGGCTCAG 38
BIP AGTTGAAGCCATGTTATTGTGAGTCAACAGCTTGCAGGGATG 42
F3 CATCCCTGCAAGCTGTTG 18
B3 TCTGGTTTCAGCTATGAACC 20
FIP GTGCAAACTCATCTTATTTCAAGCAGCTGGTCGATGAATACACC 44
BPH-92 BIP TTGGTCAAGCACTGTCGATGTGGAATGCAGCTTCTACAC 39
LF CTCTGTCAATCATTGAGCATGGAAA 25
LB AAATATTGCCTCCAGTGTGTGTACC 25

"Only B3 primer of the LAMP set, “BPH-38-1" is different from that of the LAMP set, “BPH-38".
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3}t PCR tube(200 pl)ol 2 x Reaction Mix 12.5 ul, LAMP
Zto| Z§HN(FIP 40 pmol + BIP 40 pmol + LF 20 pmol +
BF 20 pmol + F3 5 pmol + B3 5 pmol) 2.5 ul, Bst DNA %3}

Al pl, EE 3RS
(calcein, Eiken Chemical Co., LTD., Japan) 1ulE g1 2F 42
th 1 ul] Alis DNAE vRA|efo 2 S2715}o] 25 ukg-olfo]
25 ul7} B=F 319 ck 24t 2ot = fluorescent detection
reagent”} §li= 2] 2] LAMP HF-8-8-Hof = 71 thAl SA5k oF
_4 HAHE 3AE2LE 2 Q] o] 25 plo] FE ko 2 vt

itk 1231 65C 3Rz 7A0) A 6087 Hkslo] 23 A]
5 oS0 ol SE o] L0 Tl s B
243} A17]1aL LAMP S 291513ty LAMP A= 1%
ol7}EAZA AL Al RedSafe™ Nucleic Acid Staining Solution

4= 17 ul, fluorescent detection reagent

¢

us rﬁ

o™
PN

50

100

0.001

50

(20, 000x) iNtRON biotechnology, Inc., Korea)ol| 293t &
71955 3l skt Bds ol Whs AE E4lst
= 75‘—‘%01]% S0 = XK blue light illuminator, 470 nm)
2 olgagick

e e

B Lo 4] EAE HIKDelphacidae) 8Z2] ITS2 <
L2 98 E A4 YE ol E(species)at} 550 bp (&
oA 699 bp (AZEH)7HA] Alo]& Itk Table 1).
WL ITS2 ZA0o+= 693 bp = Z-2 NilaparvataZ:2) AZE1
(699 bp), B] 720698 bp) 2} 5-6 bp ZFo] = .o on], ITS2
A G o) T4 A7IA D Ao F793Hd £ S.E) oA = HE

AB625598.1 Sog.furcifera ITS2
AB625597.1 Sog.furcifera ITS2
AB625599.1 Sog.furcifera ITS2
AB625600.1 Sog.furcifera ITS2
"AB625603.1 Sog.furcifera ITS2
KC417469.1 Sog.furcifera ITS2
AB625607.1 Sog.furcifera ITS2
AB625596.1 Sog.furcifera ITS2
AB625601.1 Sog.furcifera ITS2
AB625604.1 Sog.furcifera ITS2
AB625605.1 Sog.furcifera ITS2
AB625602.1 Sog.furcifera ITS2
AB625606.1 Sog.furcifera ITS2
AB625609.1 Lao.striatellus ITS2

KC417472.1 Lao.striatellus ITS2

KC417471.1 Ecd.cervina ITS2

0.125

100p.074

0.792

KC417470.1 Ste.matsumurai ITS2

0.828

9| AB625608.1 Nillugens ITS2
;ﬁ;kcnussj Nil.lugens ITS2
0546 0192 9%»(0417463.1 Nil.muiri ITS2

%% C417467.1 Nil.bakeri ITS2
L KC417473.1 Cha.velitchkovskyi ITS2

KF268031.1 Met.pruinosa ITS2

A
0.1

0.809

AB725684.1 Rip.pedestris ITS2

Fig. 2. Phylogenetic tree inferred using the neighbor-Joining method (the sum of branch length = 4.42697072). The percentage of
replicate trees in which the associated taxa clustered together in the bootstrap test (1500 replicates) is shown above the branches. The tree
is drawn to scale, with branch lengths (below the branches) are in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Jukes-Cantor method and the units are baed substitutions per
site. The rate variation among sites was modeled with a gamma distribution (shape parameter = 5).
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9} 7F710.056 £ 0.008, 0.058 = 0.008 2 S =] QI tH(Table 1).
et AZEe BE o] AR ITS2 o= =3t 1 bp
Aol o0, ITS2 A Fle] $7k A71M Y o] 247t=
0.001 + 0.0010]ITKTable 1). ©]= E3 ITS2 9 HHulo
2 AFEF AR, FF2 s = olde Ales
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Fig. 3. Agarose gel electrophoresis patterns after LAMP reaction
of the genomic DNA of three rice planthoppers, (B) Nilaparvata
lugens, (S) Laodelphax striatellus, and (W) Sogatella furcifera, with
three LAMP primer sets (BPH-38, BPH-38-1, and BPH-207). For
LAMP reactions, all samples (B: 360 ng, S: 390 ng, W: 400 ng, NC: 0
ng) were incubated at 65°C for 60 min. The LAMP reaction was
inactivated by incubation at 80°C for 5 min.

*M: 100bp ladder marker, NC: Negative control (Water instead of

Genomic DNA)
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Fig. 5. Fluorescent detections after LAMP reaction with LAMP
primer set (BPH-92) according to incubation time (20, 30, 40, and
60 min) and amount of genomic DNA (0, 0.1, 10, and 100 ng) of
BPH. After the LAMP reaction, the enzyme within the tube was
inactivated at 80°C for 5 min.
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White light

Fig. 4. Agarose gel electrophoresis patterns (left) and fluorescent detections (right) after LAMP reaction of DNA samples with a LAMP
primer set (BPH-92). In the agarose gel electrophoresis, various sizes of bands, such as ladder, were observed in the PCand 100ng BPH, but
no bands were observed in the NC. This means that BPH-92 LAMP primer set designed in this study can strongly amplify the genomic DNA
of BPH without self-amplification. Fluorescent detections showed that the BPH-92 LAMP primer set was able to specifically amplify BPH
genomic DNA with a minimum sensitivity of 0.1ng, but not the other two rice planthoppers, SBPH and WBPH. For the LAMP reaction, all
samples were incubated at 65°C for 60 min and the enzyme was inactivated at 80°C for 5 min.

*M: 100 bp ladder marker, PC: Positive control (LAMP primer set and DNA, both were provided by the manufacturer), NC: Negative control
(BPH-92 LAMP primer set without DNA). The amount of genomic DNA of Nilaparvata lugens is expressed in 100, 10, 1, 0.1, and 0.01 ng,
respectively. W1 and W2 in WBPH indicate individual genomic DNA of Sogatella furcifera (W1: 200 ng, W2: 180 ng). S1 and S2 in SBPH
indicate individual genomic DNA of Laodelphax striatellus (S1: 250 ng, S2: 195 ng).
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