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Development of quantitative multiplex DNA amplification method by
isothermal amplification (LAMP) using Qprobe
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LAMP E1L, FiR CHE» T 2R B - IE2E L2 L >B HEIEETH D, L,

TR R O E BMREM & W 9 B Tl real-time PCR B I 72\, ARBFZETIL, 77 = Uik
S AR L7z Qprobe %2 LAMP ik &4 & ¥ 72 HSV-1, HSV-2 OGEEBEZBFRE L
7oo AL, singleplex IGIZEWNT 15 43 LANIC DNA OHEEN FIRETH D BN EE, Bl

PEZE > Tz, L2y multiplex KGO 7= D FE@E&MF 2 RIE TE o712, F72. Qprobe
Z N T BRE ESRATIZ L 0 L HHV-6 O > o7 1 BV EE I+ A R 2 T 5 a6 1T -
720 RIZ DNA-RNA 75725 % 2 F probe & RNase DA HES Z L2k Y. SNP % & deks
EHIERA 2R L < MHT 294 27 U > 7 probe & VT, VZV BAEREE U 7 F Uk & 75
T 5l E EvE A R L7,

FERRAR OB (FE30) -

The loop-mediate isothermal amplification method (LAMP) amplifies DNA with high specificity
efficiency, and speed. However, the LAMP is insufficient for quantification of target DNA in
comparison to the real-time PCR. In this study, we developed quantitative LAMP assay for HSV-1 and
HSV-2 by Qprobe, which is quenched via electron transfer between the dye and guanine base at
particular position. In singleplex reaction, the quantitative LAMPs amplified HSV DNA within 15min.
The quantitative LAMP for HSV-1 and HSV-2 had high sensitivity and reproducible. However, it was
impossible to determine an optimal condition for multiplex amplification. In addition, a new molecular
method by using Qprobe was evaluated for screening of GCV resistant HHV-6B. The results of the new
molecular method were consistent with those of the direct sequence. The sequence-specific DNA-RNA
chimeric probe (cycling probe) is also appropriate method for the detection of SNP. The combination of
LAMP and cycling probe might be good tool for quantitative analysis. As the first step, we developed
quantitative assay combine real-time PCR with cycling probe to discriminate wild type and Oka-vaccine
strain of VZV.
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LAMP {EiX, MAD T 74 ~—FTH 1 L
DNA A kf#EEE HND Z L2 (FIRTo
TN IE 20 R & 8L L 72 o A [EM
HOEWTH D, WEEZFIH L HEIEEY O
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R RS % 2 & 28 LTz, Q-probe I,
Taq man probe & i U CTZAfh72 5l & KD
—DOTh Y, BUEREREE T ER&EOE
L 725 TUW 5 real-time PCR¥EE Ll L, LD
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EOREEZEN LN S, ENSTEEMEE

OFFF> LAMP kOB B L35, £72.
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A LAMP {E® primer 2|2 LT, EEMD
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ISR A ETT D, RIS, BRI Z AN T
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PCRZ & % 7 Bl 2 L3~ %, BASHIIZIE,

B O % F—F 2 — 7 CTHIE ] BE 7
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»HD, AEIT HSV LAMP £ &, FERRR S
NI 77 = HNBRZFIH L= Qprobe 1%
Zf A= HSV-1, HSV-2 DNA k&
BIEBAREBEME LT,
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HSV-1(US4), HSV-2(UL10)(Z 4581 72185
FELFIEALIZ % LAMP primer 3% E L7z, %
¥ U7 L—va URINTIZENZENDIER
AV 7 7 n—=27 (pl-HSV1 US4,
PI-HSV_UL102) # . fliHi L7277 2 I N DNA
Z v =, 4 LAMP 7@ mixture (%, In-house
LAMP i3 L L, ZOMBITLL TO@EY Th
%, 20mM Tris HCL(pHS.8),10mM KC1,10mM
(NH4)2S04,1.2mM MgS04,0.8M,Betaine,
0.1%Tween 20 0.4mMdJNTPs HSV-1,(HSV-2
0.5mM), 0.15uM Qprobe-G (HSV-1) F 7= 1%,
Qprobe-Y (J-Bio21),8U Bst polymerase T ¥ |
ZNEND primer X, HSV-1, HSV-2
& HITFIP,BIP 7% 2.4uM | LPB,LPF 7% 1.2uM |
F3, B3 7% 0.6uM T&H 5, mixture D total &
I 10u &L 1S oY 7 Ezxi=t%, 63
FE « 30 43 StepOne (ABI)% V> CiEfeHIIC
HETRE LA E L, Ct DR EIX
QP-PCR 7 — 4 fif#ir > — /L (J-Bio21) & F\ 7=,

EHEZ Y7 7 n—=0 0 av—HKx
PRE U7z plasmid DNA Z BefEF IR L T A X >
Z— RRHE L. FRFFSMEE LT HSV-1,
HSV-2 £NZE N DA RN % 5 [BlFERE L
7oo BZEFHME LTS BMERE L CTAX v
X — RRH % 2 ERPIE LTz, FIEIRGETHE LT
i~ & DNA Z it Taq man real-time PCR
\Z & > THSV-1, HSV2 3 & bt Th -
- B oW ol BE o O (100 ~
10%200p1 ;pl-HSV1 US4, PI-HSV2 UL10)?D 7
7 A3 K DNA % A/31 7 L7-% DNA filitH,
Taq man real-time PCR & HSV E &Y LAMP
EE LT,
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multiplex & RICOWT HRE Lz, KIGS
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1 : HSV & &M LAMP {EOFEHER R
HZMBIMETIE, HSV-1, HSV-2 OZER
B(CV%)IE HSV-2 @ 100 = ¥ —/K it & DZ
WT5%LL T Th oz,
a2 b — UBEIR I B RS AR U 7 BE R
@ plasmid DNA % A 31 7 DNA %%,
Taq man real-time PCR & E A LAMP {E 41T
WA A b Lz, X 2,3 1R T K D IS
O)F“ﬂ X HSV-1 T R’=0.99, HSV—2 T R*=0.96
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ined by HSV-1 real-time PCR
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2 : Real-time PCR & 7E &1 LAMP £ ® ik HSV- 1

ed by HSV-2 real-time PCR
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‘Threshold times intitative LAMP (minutes)

X 3 : Real-time PCR & & &Y LAMP (ﬁ@ttix HSV-2
HSV-1,HSV-2 & }1LZ 11D plasmid DNA % [ —
F 2 —7IZIRE L., multiplex M &21T - 7235
A HSV-1 Tl plasmid DNA 7372 < 72 51
SONT Ct fEIX EH L HSV-1 v —%# & Ct
EDOMICIT y = -0.467In(x) + 13.696, R? =
0.99 @Eﬁ%ma&%m&)to L7>L.HSV-2
DA LA DNA HiE 10* = B/ [
ELTHDH, HSV-2 @ Ct flEIZZ kL
e ETARAEL TV, SEERIE 10.1~24.1
DO TE{E LTz,
@ /NE
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REFHLME & IR CREEEOS VT A L
A DNA E&MFEMEEEL LT,
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EER) LAMP ¥Ei%, 15 43 LA CHIE D 7T RE
ThhZOMKRMAAEZEWEEb b,
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T, real-time PCR i£ & & A HSV-1 LAMP
BB MBER AR LN, SRIERBIEZ
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multiplex SO Tl & 672 D IR ET 23 2L
LEZ LN,
QYA 7V T Ta—TEEAWEZ VZV U
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LAMP FEIEE, f§ 5 E s T HEEETH
B0, EEMFME &V 9 5T real-time PCR
&K&ﬁ&woﬁiﬁﬁ\77:yﬁﬁﬁ%

ZHIH L7=7 1 —7(Qprobe) & LAMP i % #H
HA ¥ T HSV-1, HSV-2 OGN, & &
EDOB%E %57 7=, Singleplex JIE R Tl,
PE R AHESE T X 7273, multiplex St Tl
ITERDG DN, £ 2 CAEEIT
DNA-RNA 72572 % % A7 probe & RNase D
A DEIZ I D | SNP & & ToReE i FL AL 5]
I mcE oY% 427V 7 probe &
FAvy, £ real-time PCR ¥ & fAEHHET
varicella zoster virus(VZV)V 7 5 8k, B4
FEOBGHEE R, & &L 2 3 72,
QF kL xt4:

VZV U 7 F ok & B AR Tl s A R
75\%< 2D H A5 ORF 62 O HFIAER e %

REL, 774 ~— (B, U7 F okt
SE) . EEPERR. U F U OBURR R
A2 V7 probe EF LT, U F UK,
PAEKRENZENOENERE 7 71 —=
> 7L DNA Zfiitg, a2 ©—8ziiE, B
BEAR L C[RIRF R (5 EEIE) . H 2281
(5 B EERE L C 2 BRIE) 21T - 70, K&K
IS DRER L LT, B 5 72FEH D probe 12K
2 W E ZATVVEE IR E AL IE LT,

HRIEIE 72 & VZV Y o 7o i 38
4 D BB R TR AR BRI (1ml)
W23 L7z, B0 200ul 225 DNA &,
FleRWREZOEEF TV ELTHY
singleplex & TO VZV B4R, U 27 T8
A 27 U 7 probe real-time PCR #1772,
T NEEICHA L7 LAMP 3512 L 2 BFA K,
T F URROBRLERI & ik A LA DNA
/¥ Taq man real-time PCR £ & g L 7=,
@) S
U7 F Rk, BAERZENEND singleplex X
JETIE, 10-10° 2 & %/inﬂ?@ﬁ'ﬁﬂﬁht h
1@&*5%@1@& (BFA Bk R™=0.99 U 7 F ¥k
R*=0.98) ZRL7=, (X 4:5 HHE)

A: pVZV ORF62-wild B: pVZV ORF62-vOka

5
¥=-1363h(x) < 42604 y=-1349hix) = 43,699

0 L] ° =099 R=0982
N R=0992
o 40
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S =
o e )
. . E
23 Y 25
20 2

10 10* 10° 10* 10° 106
copies/tube
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Threshold cycl

101020 10° 10° 105 108
copies/tube

4 : Singleplex SUGIZEBIF D EFAERE, U7 F Uk OREHE
HfT R

5 Hafe L TIT- 72 HZHBME T b B,
U7 F RO %CV X, BFAEKKT 0.4~1.5%.
T 7 F URET 1.0~2.9%I25745 L TV 7=,
ZOXRGETTU I FUoMTo—71F 100 2
— DB E . AT T —T1F 108 2 —
DU FURERERISE RIS T,



RWiE 2 SHH L7Z DNA 2 V-84,
LAMP-RFLP & ¥ 7 U > 7 probe real-time
PCR DL 5 DDA —BURIK(A M 3 f
I, AR 2 IR AL B iz, fthoikizo
Wt E ORPHBEDRERIT—F L T
oo (1)

#1942 U7 probe real-time PCR 12X 5 VZV B4
¥R, U7 F U RRORHH]

A. Extracted DNA was used for analysis.

Cycling probe real-time BAMP—RETP:
PCR Wild-type vOka Negative
Wild type 23 0 3
vOka o 1
Negative 2 0 9
Total (n=37) 1

B. Swab sample without DNA extraction was used

Cycling probe real-time
PCR

Wild type
vOka 0 1

Negative 2 0 10
Total (0=37) 25 1

BRI RIZ & 5 Tagman VZV real-time PCR
EBAERRY A 7 U 7 probe (2 & D E EAE R
OFBRIE, HitH DNA 249 v 7L e LA
R*=0.85, M WREZDEEF T L L Lz
BAEIXR=0.76 TH -T2, (X5)

Cycling probe

Taq man probe Taq man probe

Threshold cycle

5:DNA & Swab %> 7B B BAEKY A7V v
7 probe real-time PCR & Taq man real-time PCR O [

A 2 Y 7 probe real-time PCR {235\ T
DNA Wi EZOEE 7L E LTl
M LESEE, WA ICEIEFICT =M
(R?=0.76)% I & 7= (1% 6),

Threshold cycle
40

. y=08433x+3.7615
R2=0.7309

20 25 30 35 40

Swab Threshold cycle

6 : Swab & DNA (2L 5 7 A L ABOD ik

@/NE

Singleple ItMZEIT BV A 27 U L 7 probe
real-time PCR {E D& 1T, B4k, V7 F
BENEN 10 2 —/KETH Y, plasmid
DNA & & YA 7 U 7 probe real-time PCR
D CHEDMIITIEOMHENH > Tz, £72. A
ZHBMEOMFHFERTH., CVEIX 5% T T
OB 2 fERE LT

Singleplex ST & 5 BEIRIR AR DR ETI,
AEDHA 7 V7 probe {5 & LAMP+RFLP
WZE DU 7 F Rk, BRAERGRIRE R ITER2IZ
—H LT\, %427 U7 probe real-time
PCR %1%, TagMan real-time PCR ik & @ Fhiik
T, EEMEIZOWTS RAFRFERIHE DL,
F 72 . DNA I 21T TV ik &2 By
e LA TH . DNA #IH 21T o 7o it R &
FEHEITEWHRE Z R LT,

DNA-RNA 72572 % % A probe & RNase
W Z AT A 7 U 7 probe 13,
—HRE A EREICHRIN, ERATRR Th o7,
(3) BRRITBERRICIIT 2 Q e —TYEIC L D
7 a EVIEHHV-6B A7 U —= 7
O)=):0]

AL L, Qprobe % 7= il i IR RE AT
\Z K DSNPH A &' VIEDBRSE A H WA
BEt %17 > 72 HHV-6BIZ X3 B HL D A /L A S
ELTHWLRD T 7 rENL (GCV) O
FeHAZ LV . HHV-6 U69iE{x 10> — i St #
DAET T A NVANRMEAET D 2 & RFERIYIC
FEH STV D, £ 2T, UIZHFTET HGCV
it P4 L2 BEIEE 9~ % SNPs & 4 Hi 9~ % 72 5 Qprobe
ZERR L. BRRZYBERR 22 JH W TGOV PR D
B 2 /et L7,

@Kk

Isegawa 5|2 X U it 5 I 117 GC VIt
HHV-6B, U69Z fE{nf (M318V, A447D,
C448G, L450S. A462D, C463Y) DNA% 7
sm—=r7 L, HFBInFEREZROTT X
I REAER U, B RGEZ 3 Oprimer THY
&L (region 1-3) | ZR(LEIZQT R —T %
WE L7e G . BRRERIZ. =RZEE,
& MR R —BE PO RIE L T
it X 7ZHHV-6B 30Fk(204)TdH 5.,

@) S

HEERFANT T AI RDNAZ TN RO
primer CTHME, Qprobell K 5 flfiF i £ % [X10
{27~k ¥, Region 17T o flfif i £ (Tm) 1%,
HHV-6BIE #E Kk 729 T 429°C. M318Vix
49.1CToH > 7=, Region 27T{IZ29 594CTH
V. A447D 56.5C. (448G 56.0C & liE DX
BV K 8T & > 7214508 53.4CTh - 7=,
Region 3TiX, Z29M59.5C., A462D 53.2°C,
C463Y 486 CTH 7=, (X7)



Region 1

X7 725 ¥4 Aplasmid & HHV-6B(Z29) o flfi i
Region1(Z 3 T3~ T D il K 55 BfE#K O Tm i
13229 L R U Tdh > 7=, Region2® Fhfii gh#g T
b W R BERR 12 Z29(HHV-6B) & — £ L TRV
ZEIR LT B 2T 72 > Tz, Region3 T
VLR PR 43 BERR oD Bl A R BRI © 2T 48 B
T2 5> TS, Z29(HHV-6B) & & —F
L7einotz, LA L, HHV-6BIEYERKHST & [
PRy BERR O b fi g AR 13— L 7=,

A AR L 7zregion 1-35HIRIC BT DA R %
A VY "=k AL EnNFh ok
RS 2R LA, SRR Y —=0 7
L 724 X T ORI CUGYIM M 28 5
WTHER I NTQ7 n—T DR L —E LT,
@/INE

Q 7'u—T7YEIZ & % HHV-6U69 4 #1151
A V== TEF, FAVT ho—T A
DFEFR & —F L Tz, Region3 2B\ T,
729 & HST 1% GCV it & 13872 - 75 T
BEFESIN R > Tz, T TOREKREE
IZHST & —F L T\, Regionl-3 28T
AEHRET L7z SNP &, TN TR E — 8L
THY ., GCV MEREE FiEm sz oTa,
A EFk & 23R L7z Qprobe % V7= @i iR
JERRMTIC X D SNP & A ¥'r ZiEIZ, A4 L7
Fr—=o 22 RS RETH Y ERIK
DEEROfRFTICE T D LB X b,

(4) S

f#i 5y IR 72 EARFHEIEE T D LAMP &
7T = KBS A FIH L7z Qprobe DFHA
AL > TREREREIEZHNLT D &
VW) HAYIX, HSV-1,HSV-2 @ singleplex S
IZBWTER S Lz, RETRETH Y 22h
LUA RIRAEL P a Mk L, HSV-2 A ¥
A — RRF100 2 E—D CV fliE DZWNT
5%LUTFThHhY, BERMEICBWTHL—EDO L
YV RE LTz, ARTE &) LAMP 1% O I E K¢ fH]
X, 915 53 EHEK D real-time PCR & LR L
TIEFIZHEHTH 72, E-MWERD Taq man
real-time PCR & OFHB & RA4F T, ERIRMICH
HThHZ ENTRBINT, RiEOFHMEZ
S BT 72D multiplex KISIZIIT B HR
T, —HOENBETRE WA,
@ threshold time 23E < 72 V) | Eii 51 % W50
MR ECTE R o7, F72. multiplex
STl Qprobe D3 b ¥ AEE R L 7240k
BENT =— )V LB ICAFTET D7

T =R DR ERISPBES, bbb
primer D#73% < primer XFtOHIRERH 5
LAMP JEIZHBW T, & 5T primer, probe #X &l

DRI D Z ERNbhole, TNEMRT

57291, Qprobe DOV IZH A7V T

probe b bW AT, A2V T

probe |Z, DNA-RNA /5725 % A Z probe &

RNase DflAGHHIZL Y SNP & & Tk iE

HWHFHN 2R LS T 2 HETH D, &

- T, Qprobe D L HIZEFUKLEN D72 <

LAMP £ & HHAB DERTWAREMN H D,

ARWFZETIL, £9° VZV & RICEF Ak U

7 F RO SNP T 50427 ) T

probe & real-time PCR 1k & Z# A DOHEFE

i z4T > 72, ARiklE, HHEME WEr o

SNP R HIZR W TIEFITEN TV, 51k,

EOITHFFE ZfkfE L. LAMPIEE Y1 27 ) v

7" probe (2 & 0 i & & EE O B3 & D

T & 72y,

I SN/ P2 S el [ & o I NP EZ €
IR EFL. B DL R AT A L A SRGE
WZBWTHUA /LA DNA &2 ER&T 57200
Tl <, EAMMEREZ RHICE=%Y 7T
D B LT D, AHFSE TIT HHV-6GCV
it > SNP % Qprobe |2 & - CTHGHIZHH T
THTEERLT,
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