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ABSTRACT: A loop-mediated isothermal amplification (LAMP) primer set (WBPH-65) was designed for the species-specific detection
of white-backed planthopper (WBPH) Sogatella furcifera based on the full-length sequence of the internal transcribed spacer 2 (ITS2)
(KC417469.1). The WBPH-65 primer set consists of six primers (total 165 bp), F3 (18 bp), B3 (18 bp), FIP (43 bp), BIP (40 bp), LF (21
bp), and LB (25 bp). After the LAMP reaction of three rice planthoppers, S. furcifera, Nilaparvata lugens, and Laodelphax striatellus, with
the WBPH-65 primer set for 60 min at 65°C , the LAMP products were observed in the genomic DNA of S. fircifera only. According to
the DNA amount of S. fircifera and incubation duration at 65 C, the difference of fluorescence relative to the negative control (0 ng) was
clearly observed in a 40-min incubation with 10 and 100 ng or in case of 60-min incubation with 0.01, 0.1, 1, 10, and 100 ng. There was
little difference in fluorescence between the negative control and all the other DNAs tested in 20- and 30-min incubations. On the other
hand, the WBPH-65 primer set without LF and LB primers showed little amplification in the genomic DNAs of the three rice
planthoppers, S. furcifera, N. lugens, and L. striatellus in a 60-min incubation. These results suggest that all six primers (F3, B3, FIP, BIP,
LF, and BF) are necessary for the WBPH-65 primer set to detect S. furcifera within a 60-min incubation, and is able to discriminate S.
furcifera from at least N. Jugens and L. striatellus.
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S|SB Sogatella furcifera (Horvéth) = = A = B2}
(Hemiptera: Delphacidae)©f| £531= 4 Z 0] 4 mm ©]35}2] 48
L0 R F2 ¥(Oryza sativa) @t B HAEE 71l5HH OFA|
ot} @ Ajofuof x| o St Wilson and Claridge, 1991).
ATE A= UM = E5S Fehar BiE ke o] 6~7
ol T Fa i AGlA -2z vlgshs Aoz o4
#] ITHUhm et al., 1988; Kisimoto and Sogawa, 1995; Otuka,
2013). 5T vlo] A oS A7 wolui 3 ik
79 v UF T AHhopperbum) A7) 2 Tfa)E Fi
9] FQ3f&o]tKisimoto and Sogawa, 1995). B=9|, =+

2o A= 2000 ZHHEE 315E57F SRBSDV
(Southern rice black-streaked dwarf virus) Hjo] &2 B2 ujj 7
sho] 2 welE a1 9o 20100l W E 297 Aat &
= 137 o2 Fhate]o] $14] 1,360,000 haojl A w|siE &
v} QIthZhou et al., 2013).

SelAE ¥l o2E 9 BAEH F7|HoR §el
5 35T, SURAH Y 52 S Wi vlAl7]e} v
A ® 2 YU =S oA Fsto] YAAZE A sHA Hrt
(RDA, 2014). 7 5l~8 Y Z<oll SRHEE Bl oA 58+
o] RHAlES 2051 1009 oFolH, 84 Slkeofli= 20
TG 400u] o] 4fo = Al7|ulrt th2ERDA, 2009). 13|
=} Frfoll AAsh= thalRt B oF3091F0] EA)
Eof Qlof FLf of7l O F 52 Arkale Sete® FEA
Tz0] oH2 Aol (Kim et al., 2002), VST FFES

H& Sl AR Ee W R Y B 7 BE
T AR FEE 7L QAL A 27 A A7 o
2ol 9k L Fu) 7 0 2 YolapA| FRk| 7k 414 gk o
%-0] 25 H7} &3 Sogatella £(genus) ©] 7 T2 2751 A4
2)719) e So] ofzaA] H4] v AV K (species)
£ Alo]of] 254 o] 71555l Wilson and Claridge, 1991). w2}
A GA ST} oF S ST Aol A FEjH EHO0R TS 58
Sz 22 AL 2 s diAdo] aatd Rt ot T
oAM= F 5 o] mif- ofHth BRAE7} ohd oAt
7HES o] B AlES tRRHA] AL7e] S 2854
L A FEE A&t GetstA EE 4= e s A
At 7)1&2 AE|uj7le% % 7] H(Loop-mediated isothermal

amplification, LAMP) (Notomi et al., 2000) (©]|3} LAMP)o]
AIQFEITh. LAMP= €}l DNA %8 DNA polymerase®} &
o] afolm] 23} A2 S olgle] Bl LEX(G, 65C)o]
A B AIZH L TAIZE oW Qlofl S-35A12 4= Qlth. Bo] e}
o]} 2 A= B DNAG 2o 67 e 87 54 2912
2yz31 7}2F etolw] 47)(F3, B3, FIP, BIP) X 67)(F3, B3,

=4
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FIP, BIP, LF, LB)&Z A%tk o|d] LFe} LB Zzto|m=
LAMPHFS 9] 588 5015:0] ZEAIZMG oF 12 G417 5
o] o w=A| 535 AaE 2l 4= 1A siErH(Nagamine
et al., 2002).

wehA] 2 o) = LAMPE 263} B8 brown plant-
hopper, Nilaparvata lugens) E°] THE(Seo et al., 2017)S
2-83}o] B5EKS. furcifera)®) ITS2 (internal transcribed
spacer 2) G o2 xal] dojzl Bol etoln] 2F N EE F
ol AL AL A A1 kel S5 TS TREE 4 o)

L% e aofska gk

¢

L Ao AR8-El 3E(species) 2] B B, HEHN. lugens),
o' @-X(small brown planthopper, Laodelphax striatellus) L
SISEGKS. furcifera)= =0l A AHsto] Hsdastd 2
SARFA A H(FE: 3 ol BE Yolz Fgstd
A =T ARS(24 £2°C, 60+ 5% RH, L:D = 14:10) 21 A& A}

gl
7l DNA 55

LAMP HE-g-of] ARg-5h= B E -, o i+t B S5 E7-2] Al
DNA &2 3l Seo et al. (2017) 2] Wi o2 t}2-3} o] o=
3J3}Ath. CTAB extraction solution (iNtRON biotechnology,
Inc., Korea) 10 mlo]] 2-mercaptoethanol (BioPure, U.S.A.) 73
pl= 4o CTAB = 892 vH=o] 1.5 ml tubeo] 200 ul&
o gk 7R A mRafak gl 65C ol A TAIZE52E 7HE A7
chloroform/IAA (iNtRON biotechnology, Inc., Korea) 200 ul
< @31 vortexd}al 13,000 rpmof| 4] 587 AlE2sH3ich
ArZ0-S- ) 1.5 ml tube 2 2573 IS €3 isopropyl
alcohol (BioPure, U.S.A.) 100 ple} 2 4 o] AR20) A 2087
B3 5 4°C 2704 13,000 rpm 0.2 2027+ YA E e S 5]
gt 0] 70% EtOH-S- ©]-8-5}o] wahsing & B+-5 3325
4220 ploj] 21 & NanoDrop 2000 (Thermo Fisher Scientific,
U.S.A)& o]-8-5to] =% 2k F(species) 2] 7HAH Al DNA
¥ 25,




LAMP BZ 51t 2%

SISEHKS. furcifera)®] 1TS2 S-HAAHNCBI GenBank ID:
KC417469.1)E HIEC 2 Seo et al. (2017) 0| A] A4 F-AF
=9 ITS2 J DNAHES} v]arsto] 5H Sol42l
LAMP Zz}o|] 31 & PrimerExplorer V5 4~ E ¢JJo|(http://
primerexplorer.jp) & 53 45121 BIONEER (Daejeon, Korea)
o] 2]=|stod WBPH-65 Zeto|t AlEES M5t Table 1).

LAMP 532 Seo et al. (2017)0]1 4 A3t & oha)
o] AL3l%tt. DNA Amplification Kit (Eiken Chemical
Co., LTD., Japan)Z o] §-5}o] 4| 2Ake] AFgHfHe] mte} PCR
tube (200 pl)E £H|3}1L 2 x Reaction Mix 12.5 ul, LAMP 3
2to] WBPH-65 E&HH(FIP 40 pmol + BIP 40 pmol + LF 20
pmol + BF 20 pmol + F3 5 pmol + B3 5 pmol) 2.5 pl, Bst DNA

A1 pl, HetE 3ASFe
reagent (calcein, Eiken Chemical Co., LTD., Japan) 1 ul& 4
T A ke | o] A DNAS phxjato 2 27bsto] 2%
HkS-oo] 25 ul7} H =% 5kt A%+ T fluorescent
detection reagent”} §l= *2]2] LAMP Hh-g-8-9lofl= 1 o
A U ) B 34 FHER A9 F01 25 o] 45
whgolo = uhEglth 2% Wole] RS 125w T A4,
B okx) QIR AMgOpe] 122 ZolA] Hgatgct el
65C 3F2%7(SimpliAmp™ Thermal Cycler, Thermo Fisher
SCIENTIFIC, Korea)ol| A WH-A]7HH 20, 30, 40, 6057+ Z¢
2} ZEAZ] 5 A $0C gezrlolA 587 Fol Fas
o] 7]5-2 Bak45} A]7] 7 LAMP 2242 Eelskeith LAMP
AT 1% op7tE A A(MA G4 RedSafe™ Nucleic Acid
Staining Solution (20,000x), iNtRON biotechnology, Inc.,
Korea)o| 2%t 3 7] 5= Sl lst3iet. Fd= 53l
WS A2 510151 A Qo= 21 = Y Mk (blue light
illuminator, 470 nm) ZZ o)A AR &G-S 3T

4= 7 ul, fluorescent detection

TN

LAMP IZg}o|H A& WBPH-657} 815 E Alis DNAS
Eolzor FEATIE A 25| sk f‘d%%% B
4 o dL, 3 F9] 735 DNA 100 ng2 2}2F LAMP Zajo]H
HE WBPH-659}65C 2 70| 4] 605-7F L—g— 171 3 o}
7hR A 7ol 7] Ye= ShRitk 11 A Sl e ET Al ol ARt
W ti=tel dol Altkel g tieso] WEE A wE
o A &M= =74 ek ZektiFig. 1, left). S5E

T, HEE, o B ZH2Ee] Al DNA 100 ng2 calcein A
oFS A Alof BESAIZ] Ao A e oFY ti2tet SleE
Al DNA tubeo]| A4t E0]Z 02 Q=M o] M7zto] 2|9
O ZgAF(470 nm) 20l A I 7t e WhE lth(Fig. 1,
right). lﬂ 11 315+ Al DNA 10, 1, 0.1 2 0.01 ng tube |
A A zho] P E| 9L 0] A AH(470 nm) 20l A=

- 3 B U AK(Fig. 1, right). Z12{ut B E 1} of
B AEA = oA di2Te iR7 A 2 gt A le B

S Aol HSHA] oF kAL ZJH=(470 nm) =70l A
T e kx| eRkth(Fig. 1, right). o2t A}
2 Aol Al ITS2 DNA 92 o]-8-5to] A€ LAMP
2to|t] A E WBPH-657} B2} o A 278 SlgEE
Soldom sl o )52 AIAISHAITE B%0] Seo et al.
(2017)9] B+ 5o] LAMP Z2}o|tf A|E BPH-929] 7
B Al DNA 0.01 ngol| 4= 65C 60+ BH&-AI7] J%
o] 7o) WHE A oRtout &5 E - 5o] LAMP Zejo|n
AIE WBPH-659] 7-¢-0lli= 258 735 DNA 0.01 ngof| 4]
T 65C 604 WHE-AIZ] AT, S-Fo] P = AJolE Btk

S5 ET Al DNAYe] w2t 65C 7t 2= 2704
LAMP k-5 A7 535 A =5 W] 1]k A3fof| A= 755 DNA
10, 100 ng2 4057 -3 A) 2 ) G3H AL oA R o 7
Az sl 2k}l Bl o kol A<= Al DNA
100 ngof| A% ¥k 25 AZ A=A o % J =72} oA

ﬂ.l

r°“

Table 1. Loop-mediated isothermal amplification (LAMP) primer sets designed in this study to discriminate Sogatella furcifera from other

planthopper species

LAMP primer set Primer Nucleotide sequence (5" - 3") Size
F3 ATGGCTCGTCCTAGGTAG 18
B3 CACACACTGGCAGTTCAA 18
FIP AGCATCAGCAATATGCTCACAATA-AGCAACAGTCAAGTTGTTC 43
WBPH-65 BIP AAGATGAGTTGTGCATGCACT-TCAGTGAATGCAGCCTTAC 40
LF ACAAAGCTCCCTCTTCCTTGG 21
LB ACACTTAGCAGTGTGT(A/G)GTGTATGT 25
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WBPH-65 WBPH-65
LAMP primer set LAMP primer set
WBPH BPH SBPH WBPH BPH  SBPH
M PC NC 100ng 100ng 100ng PC NC 100ng 10ng lng 0.1ng 0.0lng 100ng 100ng

White light

g i b
g9 WU U

Fig. 1. Agarose gel electrophoresis (left) and visual detections (right) after loop-mediated isothermal amplification (LAMP) reaction of DNA
samples with the LAMP primer set (WBPH-65). In the agarose gel electrophoresis, various size of bands, such as ladder, were observed in the
PCand 100 ng of WBPH DNA only, but no band in the NC and single bands in 100 ng of BPH DNA and 100 ng of SBPH DNA were observed.
This indicates that the WBPH-65 LAMP primer set designed in this study can amplify the target region in the genomic DNA of WBPH
specifically, but not in the genomic DNA of BPH and SBPH. Visual detections showed that the WBPH-65 LAMP primer set was also able to
specifically amplify WBPH genomic DNA with a sensitivity of 0.01 ng in minimum, but not in the two rice planthoppers, BPH and SBPH. For
LAMP reaction, all samples were incubated at 65°C for 60 min and 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 manufacturer); NC, negative control
(WBPH-65 LAMP primer set without DNA); WBPH, white-backed planthopper Sogatella furcifera; BPH, brown planthopper Njlaparvata

lugens; SBPH, small brown planthopper Laodelphax striatellus.

A7 Wsl} P I9kTiFig. 2). LAMP Zejolu] A&
WBPH-65 (Table 1)°]| 4] Loop primer LF2} LBS- il 47} 2}
o Z3HF3 + B3 + FIP + BIP) o A= D5 E+, W 2 of
I 735 DNA 100 ng o]/4d7t 247} 65 C ol 4] 6057F ¥H-g-A]
AL B ARE Al o w A7 HskyE ke R] oRqtth
(Fig. 3, right). ©].=LAMP Zz}o|H A|E WBPH-65E ©]-8-5}
o INZF kS0 2 gl 5845 Sol3 o 5] flsiA=
67} =a}to](F3 + B3 + FIP + BIP + LF + LB)7} =5 £35}5]
ofof &2 &ol5k 4= Q1 }ITH(Fig. 3, left). Nagamine et al. (2002)
<& Loop primer (LF2} BF)& ARg-6Fo] S-3A17HS 12 H5S
4= Q= 37} Qlokar shgl o H A of| 4] Loop primer LF
2} LBE i 47)] eto]m| Z3KF3 + B3 + FIP + BIP)S o]-&3t
IAHHEG O M= S35 A7 YA tE ez & 1 =
o} 5 21 717HE3E Hg- AJAH o 25 Al DNAOA] 535
B7F U Zles HQIth Z1e]al LAMP Zetolw AE
WEBPH-65% 585 S/ mEo] 4 ZEalo] rsen
A7z A5t 7E ] Q1 o Bk} o H ot 2h2ko] 57 A B
o M= FEEA] AL AT ATHAE Ko, 2 Atoll A AAIH
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LAMP ZztoH | E WBPH-657} 21525 BiE-9t of e
TFERE A A FEsE = o] AEelE AAk(Fig.
3, left). T2 Atol A AA| HS- Fal & 7]29] 25 pl (Figs.
1, 2)0| 4] 12.5 ul (Fig. 3)& 1/2 9% LAMP Zg}o|u] A E
WBPH-655 ©]-85}o] 353 Al DNAoJA| Holzos
FEA = U

Alg7HA o] AHE g efshH ohaat 2Tk 1) ITS2 |74 <E
= B2 8 249 fel5ol 78l= vhe Bt R A7t
U s atefsto] 258 50 LAMP Zejon A|E
WBPH-65E A A|8}%tk 2) LAMP Zalo]o A E WBPH-65
= S5, HET W o EF9] Al DNALL RS- A S5
T Als DNAj|ARE 5o] F35 H ) 3) LAMP Zejo|w
AIE WBPH-652] A-5-21Q] 5% a3t 2el& ¢JaliAl=65C
oA 2|43 Sl5E - Alis DNA 10 ng ]34} 4027t E+=0.01
ng °]4 607 LAMP Bh-g-o] Q5= QITk npA[RtO 2 4) [4]
7k oo SlETE ol g Esly| f8)4= LAMP
Zato|w AE WBPH-659] 67 Zeto]w(F3 + B3 + FIP +
BIP + LF + LB)7} 2.5 §k-g-of| 3z ghe]ojof gk

= g



WBPH-65
LAMP primer set
20 min incubation 30 min incubation
Ong 0.0lng 0.1lng 1ng 10ng 100ng Ong 0.0lng 0.lng lng 10ng 100ng
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40 min incubation 60 min incubation
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Fig. 2. Visual detections after loop-mediated isothermal amplification (LAMP) reaction with the LAMP primer set (WBPH-65) according to
the incubation time (20, 30, 40, and 60 min) and the amount of genomic DNA (0, 0.01, 0.1, 1, 10, and 100 ng) of white-backed planthopper
(WBPH) Sogatella furcifera. After the LAMP reaction, enzyme within the tube was inactivated at 80°C for 5 min.

WBPH-65
LAMP primer set
[F3 + B3 + FIP + BIP + LF + LB] [F3 + B3 + FIP + BIP]
WBPH WBPH WBPH WBPH WEPH WBPH WBPH WBPH WBPH WBPH
1 2 3 4 5 1 2 3 4 5

BPH BPH BPH BPH BPH BPH BPH BPH BPH BPH
1 2

3 4 5 1 2 3 4 5
- T i 5'l‘rj 'ﬁj ﬁ"q— ,.-ﬁ-iqaq -I?

SBPH SBPH SBPH SBPH  SBPH SBPH SBPH SBPH SBPH SBPH
1 2 3 4 5

Fig. 3. Loop-mediated isothermal amplification (LAMP) reaction results on five individuals of three rice planthoppers, white-backed
planthopper (WBPH; Sogatella furcifera), brown planthopper (BPH; Nilaparvata lugens), and small brown planthopper (SBPH; Laodelphax
striatellus) with two LAMP primer sets of WBPH-65, [F3 + B3 + FIP + BIP + LF + LB] and [F3 + B3 + FIP + BIP], respectively. The incubation time
was 60 min at 65°C and the amount of genomic DNA of each planthopper was > 100 ng. After the LAMP reaction, a Bst polymerase was
inactivated at 80°C for 5 min.
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olx|o}R|Hol|l= Sogatella <3(genus)2] 3Z(species) [S.
Surcifera (B5E), S. vibix (F)B1), 12|31 S. kolophon (2]
Fugo)]o] HEsHe A0 ZAHH O oI5 TEH
o2 (0. sativa)oll 4] HAEHAsche and Wilson, 1990).
2000 o) -2t} 3971 2] of|ZAo] =0 A x| 525l
A AHZE BARE F(species) T rAT, F27F
ojglen 11 & S5 E7H48.5% = 7 wyken oot
S EHILE0]=0.1% H|9to] QthKim et al., 2002). &L} &
Aol M= STETL} & S(genus)oll Soh= HE2H D
H-20] 9] ITS2 A H = B| a % ] 55to] LAMP Z2to]m A
E WBPH-657} 85845 9819} Sl 5H 20| 2 7E +
35 A= F7F HE7F 2 a3 Agolnk to= uE
o} W Ro] MBS S}l ITS2 w2 0F= A1
d2 S, AT ET 5 E]'—?: 72 ITS2 = ek 1;‘<}x49_

zog &=x

i

B 21 u| Al
l‘d—o}—tﬂ I:]— oFs1A| &85 11 ] ©H(Mori and Notomi,
2009), Lo M= W xut2)(Drosophila suzukii) (Kim et al.,
2016), =N &|(Thrips tabaci) (Fekrat et al., 2015), ]3]
Al st2)(Ceratitis capitata) (Huang et al., 2009) 5 ZF =713
97 A Y(Blaser et al., 2018)9] F 2.3t 3f|52] & A5}
Ul LAMP o] 2-8-5]31 gtk ZZoll= LAMPE ©]-8-5}
o Shehai Ui Helicoverpa armigera) 9] T Y A2 0| = A4
A So|zew AEsiol oflolH AT S 8
A ke B e Rel L WAl B 4 Qi 7140] A
It Choi et al., 2018). LAMP+= 432 DNAZE HE0| 7}
8}J_(K1m etal, 2016), A719%, JAE, T (turbidity),
Ao, B rlok 52 HEFH AL o2 /1A whe.
 STAE AU 5L Y0l Wl hangetal, 2014
2, AN A7 BEANGS) 2 W o] thorat
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