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(ICAN ) 2ZRTAHIE-7, 5DNARNA-ZF A5 75 4 ~v—L7—_ [tk
RNaseH, # U THWEHERFEEZ H T 2MitEME DNA S aEBER A ICAN B0 SE DR
PTHDHZLERLE, £LT, MEREFP+I2EEE2EFTS 55CHEOEEDTT, 7
FRIRCMET /A, B RT A HEYEFRED cDNA/RNAANA T D v FEEER L LT,
T A =T ENTH 100 bp OFIREZHERMICEIET 3 Z LN TEE,

LHICANEOT A T T E B NS EZEE, DNA OBEiL nick and run’ KED 2 &
SXLATEISTWHLEZ T, ZOY T U4 Tik, RNaseH I ET3H D
5"RNA/DNA-3D Y v 7 ra fyic=y 72 AR5 Z L1280, FICE L RNA K
LBFZAILTPEID, KInEBUTRNASFSRSBEND 2 L <H LV DNA 234
MENBHZ LITid, BEEEMET T A v —BI e 0niddThs, LaL, HIEEY
BRI LTI ZABEEBORLREZNAVENRHEDL N, T/ = —BIr el EbE
WHTRF Oz, W77 4 =—EFE SR LY A XOoREWVTRE, FEDT S 1 ~—E25|
DHEELPFHRORE EDHRIBELCLTCNAZ EBRFEEMN IR -7, ZHICL 5T, ICAN
FIRIZBWTIE, ‘nickandrun’ RIEEOA I =X A LITRRAA D=2 LAREET AL
AT, THEWE RNaseH WL BF AT 774 v—0bDMEHOMEEE T/ &
A, MAFR LTV 5-RNA/DNA-3 T3 <, 5-DNA/RNA-3FD P ¥ o 7 & 3 VR4S
G STV E Z L3 o7, BREJICEE HIT. ICAN BUSIZEBWTIE, wAF 7513
L GRISBEEO CBED A D =X ABRERA LD EERH L,

Yo 7Y T To—7 % DNABIBRIZNZ 2 &, EBIEE OB U TR EEE A3
TDT, VTNANEA LA THEBEORTET=F—TBLRTESL, Y47V vy u—7L
ICAN ik & DA A IE (Cycleave ICAN) (45 IZEHTH D, Cycleave ICAN X, &V v
BMENRERINS SNP REICBISHBARTHI EEL DRI ERDL, ZTHAERNT, &
e O A SR L7 DNA 2858 L7z ALDH2 B=ETF® SNP # 1 ' 7 %4T-
Tro TOER, 2BEOUENE e —T2RANWCITLEL A, i3 KRS FTOT
vEA, BLIY, 1EEORX S o—T2ACTEMR N VAL NI FZ—F—TOBLE
TN TNOESICBWVT S, GlulGAAYGIWGAA) (wild/wild) & Glu(GAA)/ Lys(AAA)
(wild/mutant) DG FREZ X CE D Z EBohoT,
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After searching for a method of isothermally amplifying DNA in a simple reaction
mixture, we finally developed our own method (ICAN). We demonstrated that a pair of
chimeric primers, thermostable RNaseH, and thermostable BcaBEST DNA polymerase,
or more generally, strand-displacing activity of the polymerase, was essential for ICAN.
About 100 bp fragments between both primers could be amplified specifically at 55°C
with a plasmid, bacteria genomic DNA, human genomic DNA and cDNA/RNA hybrid
derived from plants as a template.

It was first assumed that DNA was amplified by the mechanism of “nick-and-run”
repetition in ICAN. In this scenario, RNaseH introduces a nick at the 5-RNA/DNA-3
junction of an elongated strand, keeping the incorporated RNA residues “intact”
throughout the reaction and ensuring constant priming from the same residue.
Suppose that DNA is amplified based on “nick-and-run” repetition in ICAN, most of the
amplified fragment should not have primer sequences, but sequence analysis of
subcloned amplified fragments revealed that the three distinct bands consist of three
fragments: one (large) with both primer sequences (forward and reverse), another
(middle) with only one (either forward or reverse) primer sequence, and the other (small)
with no primer sequence. This discrepancy suggests that a different amplification
mechanism other than “nick-and-run” repetition exists in ICAN. We investigated the
cleavage mode by thermostable RNaseH of the RNA portion in the ICAN reaction and
found that RNaseH did not always cleave between the 5-RNA and DNA-3" junction in
the ICAN reaction. Finally, we elucidated the mechanism of ICAN and found that two
mechanisms, which we call multi-priming and template-switching, underlie ICAN.

When a cycling probe is added to the ICAN reaction mixture, it emits a fluorescent
signal that intensifies as the amount of amplified fragment increases and DNA
| amplification can be monitored the in real time by measﬁring the intensity of the signal.
The combination of a cycling probe and ICNA (Cycleave ICAN) is especially useful.
The Cycleave ICAN can be also used to strictly distinguish SNPs (single nucleotide
polymorphisms) in amplified fragments. We typed ALDH2 by ICAN with DNA
extracted from oral mucosa. SNP typing by Cycleave ICAN could be performed in a
short time without thermal cycling, and also without an expensive fluorescence detector
by using only one type of dye in the cycling probe, the same as a real-time assay and
end-point assay with two cycling probes labeled with different fluorescence. All assays
could distinguish the genotype of Glu(GAANGlu(GAA)(wild/wild) from that of
Glu(GAA)Y Lys(AAA) (wild/mutant).
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PCREBEHINTLUE, B 0FEZBBRESHEEI R THI M, RIGERE L%
DEIGENZ PCRIELERD LBEHTHIYSARELIBRSBERENE b TH ok, 5
RELY N REISHBETPCRIBLAKICS IA v —KRENLFERBHEEESL 5%
R EIEE TH D ICANLEZBET I LRAMIC, TOAI=RLEELLCLELT 7Y
-y s VEEBTER I R L, AFETEBLAEEEOR TR TOEY Th 5,

AR TIRET. 5-DNARNA-ZF A5 75 [ = —27 — ({3 RNaseH, & L TR
HERFEELTHF T OMEMY DNA AREREBVWAZLICLY, BRSO REREZET
D B CEADFEDNOTT, F¥ZAIF, MES /A, & b A, HipHKD cDNA/RNA
NAT Yy REBRSIOBMEN AR s BEOKBMESEEL LT, TS ~v—EEhE
100 bp DR Z4FRMICHIET A Z LI L,

RIZ, TOBHBA A=A L EMAT B0 ETHEME RNaseHIZ L B3F% A F 754w —2b
DREEROGWMBZM~N/c L 25, 5"DNARNABD V¥ ¥ 7 ¥ a VSR IEh T
LT EBHALMCR ok, TOBEERREICELICENEED., ICANRGICBWTHE, MU
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ICANBORAE LT, RNABS R HAT—FRERMET, bH—FRZ0RLHED
RILHEAEHELETIHNE (7= Fv—) TEBENTWS DNA-RNA-DNA XA 57 n
—TCHBFA 2 VIS u—T L DMBEDE (Cycleave ICAN) 2k 0, BEZELE
BELRWERFORET AoBMRREtRmEBbSHEL LRWVWSNP # 4 U 7R HET
HBHLERFTILLEDTERL ABRIT LY  Cycleave ICANEIXA A M TOR K SNP
FACY T ~DIEHADFRBERRWICHBFETEI LR RBEINE,

FOMD ICANEDIGRABIE LT, KO3 S>OHEHERLE,

ARV TV = IRORRMERIMAEY TH D Candidatus Liberibacter asiaticus @
RERZBRELETOFRAEEMCHER, BERE, BELZBWTHERO PCRELLEATH
ZLUEOERBERTHOTH- T,
CREEORBRELEE L TORERRE o BE, RAUBE, BRES L CBRMR
EOMBERRIZBWVWT, ria2tt@O PCRERELEBRLTCLRAZULELOFBELZ T LT,

» Chlamidia trachomatis/Neisseria gonorrhoeae FIRBRHOREBE UMM LILHER, &
REEFFEFICEI 2T, £, RURBEIX Cérachomatis DHE 100 = ¥ —/JETH Y | &
PRIREIZIIT 5 PCRIEL OB D 100%—H L. REBEER+ S THILEL DN, T2,
N.gonorrhoeae DHRHEBE DS 10 a ¥ — L BAKETh - 2,

ICANERIZEMNAEES -V O DNAEIEEN PCRELEBRLUTERSHULEZWET TR
. BEEBRERERIETHEDOT, SRHFZ2EETIZLRREFERZHEMEE, FE
CHAGI LRI OB R MM S €52 L REBTAB L LRk, ZhETOR
T, 50 pl~5ml DMORIGEFEET, RGEH*EFETHZI LR BENEFEY YO E
BEERACTHBZ LRMBLTVS, —F PCREDHEE, MERBEYA 7 V> FBLE
THBHDT, RIGEEZ 0 ul b5 ml i2 100 FHEMESET, AL 100 HOBIRES OIX
BB TOORABELEERILTHA S LHRBT S,

BEDX S, RRIXTE LD ICANEDOHEILX, PCRESCTOMOFERFLL2 WV
MERTHSSEEREESEERETIL0THY T H A M TO—HESTAF L DNA
BRI KX BT 5 2 LABMBECTE 500 ThB, £, ICAN MK &5 KEDHIE
EMBEEZ, HFLWDNA AV FRAMN —OSFIEEZBELBOTHS, LEB-T, B
ZE—Miz, F/XTHOWVWTHELT (BH) oRFMmXe LTtHofEsHFoLHELE,
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BERRENL, WThbHETEIEEEEG5Z L WHEL,

T, BERITLY, SHEFE (EFB) 0FHhEHAELE,

TORR, FEZRRXR, FHEEFIREZRESREVENELRABRETE L RNEU LOES
REVBREATHLLED, BR2ONFET CREARBEZONFREART 2 RHLR
FRBELEZZ LTI Y, L (3 0B EELTHRBEREBFOLOLED L,
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ELBRALNAIN  Z LR EDIIRAI=ZALTH LN FA =B AV Atedh,
EEOAA=AXCOVTIEES RV, PCR TREAEMET > T—REITHEES
BCTITA~— %7 ==Y 7 ERXBDITH LT, ICAN REZFTHHAI, SHFEap
TAHTOLAEMRTECRIENRA Y —-+T 5, ICAN RIECRFAT I TA v —%
AT50C, GREAZKRETHLRGEER 50Ch5 60CL WS Z & T, FHEEKT
K oDWEVEEAEY LTS, Sbic, BEMOZF A< —REAHLE LTSRS
RERFET D, #oT. 7IA— R _F2HOHEHEAY RALHESLVEELTVWE O

TRARWES I 2,

SV I BABLELIEoTHE b hokT T4 7 —BEBNETIND T,
EOTEELHBENE LRAVR, =y F BABLLILE>T, 20754 v—84H
BF T o— FBRTR TR BHRHHDIT THAL, Sy 7 BABL, £
IMBFART UL AAY MRS REDEEMESWTIRIELTNS, =y 7 BA
BILERED, AFTIAIVIRAII B RoTWB L LIENTH S,

Template switching @& ZA5Th oD, HEBRIDDNAKRY A7 —EB2ExH 0,

el ZERCADESIZ Q29 DEHBREIDNAFY AT —FEEIHELHD LES RN,
ZOWVOHEBEMRT DNAKRY 25 —F¥ L template switching PP RALA L ICERZRH B D
mESI, hELTHhEETODERILEOBERON,

Tag DNAR D A7 —ERGHHZMRIEEZTI2L VWO EERH IR, ZEIZHEETCH
FHRBWV, Tag DNA R A7 —FIEHBABE T2V, HEBRTO 029 THLYHRK
template switching OZEFT+o0H 3 LXE 53, BeaBEST LT EI ML ERE
CRLTWRVWDOTI bbby, £, ©29 & BeaBEST CTRRICRBEBREN R
2%, BcaBEST i3 55CK LW TREEE D 0T LT ©29 Tik 37TCRI%ELES
DT, TOHEWVTEVVREDIZONILLAR Y,

ICAN #iX PCRICIRTE DEWE AR TS, ZORRKREEELEIHL TR,
ICAN BRI ARBEo=— 7 hBEETHY, PCRICERTEZL DAIAEZHE->THWB L
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EZXOB, CROBEREHLTOTATTRRENVR? EOLIRIEBRELZ L, 7
DEHITIHEBICABLETH B D,

RERBEADEWI ZLLBERLR, PCR LRAKCEEERARIEDT D, BE T
HBMEH @B TE, RE LA RB LV ERK HEIRIBTES, KBIZT
EBLVWHIZLLEG TR, ZObEYVOZILLED THRANRBEADP O RAH
FHEEZBZTWITELLER), ERERSZVWEVSIF A2 LN L TEEZERLED
2. DNAF v 7OREB L7225 DNA % ICAN Bl &%, Foy 7RgBIEALE &
WHZLELLIDOTIALDORHEEDEHAEHHLTVS,

BAEDOPCRIBIIRMTHMEIC A S, Fhict L, ICANERER & VWS L Tk
FRRZEARREONS, REMNIKEELTVADT, FLA 7 AL—RBLETH 2,

FRE LTI PCRIEERTHF AT IS —2fHoTWAEZLIEHEN, HizEW
EVSI DT, B EAMELE DNA BT RCHEECTEARAThIERERMLE LT

',%‘(f;o'('[,i 50

TANGELVBT T T —C EHAIC Y 5 BE LT B 0B,
FETERITIIERLTWARY, cDNARZa—=r FHERBIC, 2P FED
BUMCEZRVPENS ZE RS, FECHEBRE R THbATRTTL 54
BRIFHTIRVWOT, BEEThH-Tz. BARRL, 2o—-=r 7 LEREDOZ & i
EATHRN,

TI7A—BHEED O DINAIEED PCRICS BRTTICEN, FRIZZREDN,

ICAN (DGR, TART VAL AR MEEEFT VWA biET, ZhIiZx LT PCR
REAEMEE TS /v — 2T = VT EEBLEVWIRETH B, PCRIZEBHIYIE
By TAINVORETELI =Sy FEERBA T3 LHEELELORERT =

T D, EDRED, TIALA =P T =NV LEL RS, PCRRIEOBEXZIZES WS

BRPEZIDZ0T. 77 b—BRLEPIENTHEB PCROBEIIYV A 7 VEBEEI
RHLWBBEHEFNFEALICR>TLE I, ICAN KIEOFAE, ZAHHD DNA @
BROTHNTHLEFEIRTSTAT—BAYRAATH LWV Z LT, BIBEEWHIHELTH
BBR2AKT7AT—BAVRATT A AT VLA AR PLARBRIELTWVWL,, 20
e, BUBREY L) OWEIEEYEN PCRICESELL 10EE I LW Z Lz
%,




[HRF 8] ICANIETHIRFRARYA XRED BWNHT
(% 8] HWBREALARIGEHHETIHSE. 100 X—ANMEARETHD., . BIERZHF
TEHOHRER Ik AT TRWEHESEL Y, #3kb OBTF ZHWIE LLBRS H 5 8,

INEFHCTHD, ICANHBIETIE, RA3_LEVWNHFOBERERTHS,

(AR 9] 774 ~=—0ORFIZoOVWTHIZTELY,

_EIEI%FQ] RADRTA—F—1ZIEE ALY PCROEELRALE, 7, ICAN Og &, 774
T IRENREERO 2 REERBEETHS, 252, 2 RBEE D BV 1IBE
HEERT DL BKETH S,

[Hf110] RNAORHBIWHELTE S »,

[[M4% 10] ICAN 4. 2 AH D DNA BB E A5 L0, cDNA & RNA DAL 7Y v Fa
FHE o HFPEBECRET S, ik, "4 7V v Fo RNA #4712 RNase H
RED=w 7 BAY, ZOBANLTTA I FHEBEIY . ICAN RIERRF— hF
BBBLEEEZTNS, kX, VAT v 70 RT-ICAN ERARS S, =hid RT
Pz RNase H R HFETHEHI, RTODERELLEBET TS0 THS. RNase H
DHPREFEHICEF v L P L TWBE R, 60CHIBRTRETIREORGIIHE LY,
EXOW 772~ —HFORHOFREL TSI bbb,




