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BLGMmogdBo

339000193 9dl  36050996Oo  533eox03530s (Quadruplex priming amplification
(QPA))  $o60mopagbl  dgomEl, Mmdgwoz ©bd-ob  Logbserol  0bBmmgHYo
5330R0353008 s 53 3MMEILOL GO OMT0 53306039008 1TSSl 0dEg3s.
QPA M95J3ooL Log3ydzgenls PotBmo9bl ©b3-ob 056309 936OMds,
GGGTGGGTGGGTGGG (G3T), ®mIgerog Ho®dmddbols domswo 0gmdmwo BEsd0owweH™MdOL
BAHOYIEHNOL, 3350MM3WgJLl. Mgod305d0 365039 Psdm0Yygbgds G3T MBINTY3MIMdY,
Odgebsg 3-30000 dmmdo  BsdME30wgdeo g3l 2w9960bo. gmebobol  Bogargdmds
3603H0379w0s 335060113cgJLob BMOT0MYOOLM30L s 156F0TYZOMS 39056 Ho®rBmddbols
3390639 dLL. 0530930603905, §933900000 MsbT0dEY3OMMds gddol 36r50dgMHoL dTJob
d5bL.  OHMEgLbsE 30T gMHOBs  3M50TgOL  5T5EJOL  399606l, G3T 56800 Y3ErMds
05300005350 BMOHIOMOYdS 3350MY39JLs©. MHOL F9EIPIPIG 3650gMH0 ODBMMYHTMWS©
bEowgds  LsFoBbg ©@B3-U s  3MWOTgMOL BB MBSBL  MZ30LBIE0S  TJIIRO
36150996H0LmM30U. 515939, 301500960 B539MOMW0s BELMEGGLEOMIOI©O 6993w MmEGH0O (8o,
3-methylisoxanthopterin), ®mdgeroi bosllosmgds BarMHglgbEoeo Logbswrols dewogdo
BOEOM  3350MM3gJuol BMOIoMIOOL Fgdgy, Mo3g Logbswol ™m3wol FoMGH03 ©o
99393AMO  L53MOEGOIL FoMBMoYIBL sTdBHJOOMO TNZGo I3 gdol  2o69d.
33193990l dggo B396 8939896000 MmMH3G50896M0560, 9Judmbgbgom®o QPA ®gsdios.
Gmdgmog ©bd-ob 9nadAHMe, LEGSE ©s 0DmmyMdnw 583w0x8035300L  Bodwgswgdsls
3399¢093L. 50b0dbyo dgomm@om Fglodergdqeos bd-U Logbsgrols 1010-%96 godw0gMgds,
obermgdom 40 fmomdo. QPA 695d30s 99L5degdg0s BoOmMm© 0gbsls 499mygbgdmwo
00mbsdgoEobm,  dmeg3MEMOo  domErmaool,  g9bgBHogols @s  LolsdsMmErm
99b390GH0BOL,  2969BH0IMM0 853500 YOJOOLS S 3500MPIBMEO  Fo3BMMEYEODBIGdOL
50dmbsRgbo. 515939, BsdgEbogH™m 33¢9g3900L 3GrodGH03odo.

306005000 1530gdm LOGY3gd0: 3350M3gdlo, QPA, 63, 0bBMMYMHIMWO ST3EOBOIS(300.



Abstract

Quadruplex priming amplification (QPA) is a straightforward assay that allows
isothermal amplification of DNA and possesses an intrinsic real-time detection mechanism. The
key point of QPA is that a monomolecular DNA oligomer, GGGTGGGTGGGTGGG (G3T), is
capable of forming a quadruplex structure with unusually high thermal stability. In contrast, the
starting primer, which is a truncated version of G3T, is missing guanine residues critical for
quadruplex formation. As a result the truncated sequence primes to primer binding site (PBS)
without complication. When the polymerase adds the missing guanines, the extended primer
spontaneously folds into a DNA quadruplex and the PBS is ready for the next priming event. In
addition, primers containing fluorescent nucleotides, such as 3-methylisoxanthopterin,
demonstrate a strong increase in fluorescence upon quadruplex formation, which permits simple
and effective quantification without extra probe molecules. The intrinsic detection mechanism
of QPA allows for further simplification of the assay by complete separation of the recognition
step from the signal amplification. In contrast, all current detection mechanisms require the
presence of probe molecules in the amplification reaction, since fluorescence signal is created
upon hybridization of probes to amplicons. Here we demonstrate exponential version of
isothermal QPA, which allows an unprecedented 10'°-fold amplification of DNA signal in less

than 40 min.

Key Words: Quadruplex, QPA, DNA, Isothermal amplification.
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2. o050 bsfjogro

2.1. dgbsgsemo

300dgMsbmwo  xs3F3mmo M9god3os (Polymerase Chain Reaction (PCR)), 60l
9 930M-29693H03900 890™m©o, OHMIgoi ©bd-ol BEMLRTI6EHOL 98305035300l
Bodmogdsl 0dewggs. PCR offo®8mgdls ©bd-ob LsdoBby x3Gad9bEGHOL slicrgdol Lobmgbl.
50bodbo  dgmmEo 0y4gbgdl ©bd-oli Mmoo  K5F3900L  IBIGMIGSE300L s dsmo
96B03mMm0 H93w035300L 3MHMEJEMMIBL, obdgmEmgdso MYMHIMWo (303W9doL Mg:0ddo.
PCR-0b do®omoo 30m33mb963gdos 361503960900, mgMmdmli@sdowmm®mo 39039bEGo ©bd-
30dgmsHs s ©gHBMJLoM0dMbM3gmEH0©gdo. PCR 808000bs6)9mdl goblsbrgtmwo
09MHIMo Mg5090L 306HMdYdTdo, OHMIgwoi 8moEsgl 303woMmgdol Bsd 0s6dodgzcrme
9GO3L: (1) ©gbsGHM30s, 969 ©bT-0b MEOToa0 L30MSWOL For®3mds ©HT-ol gOHToy
X9339050 (3Mm3gb0 80dEobsGgmdl ~95°C), (ii) sBowoMmgds 56y 365089M9d0L bsdoBby
©b63-0b %5336 035 (3OMEglo 8080bsMgmdl ~55°C) o (iii) garmbysEos/gduBgbiEos
(Elongation/Extension), 699 m6xs330560 @B BMOEIIPBEHOL  ShHymds  (3BmigLO
9090b5609mdL ~72°C). PCR-0bmg0l 009630 ©sdw9dsggdol Lsdo 9@s30 (gbs@r®osos-
3600M905-9gmbs305) FoMdmgdl Lodwmommme 30-40 (303¢s@. GHMoogowo PCR-ol
3999x™d9LYdIE 396M05BEL [oBmogbl 9.5. Mgsem®o Mol PCR (Real-Time PCR).
6950000 ©OH™ol PCR-0l vm30653glmds 08580 8amdstgmdl, MHmd ol 9eomOH™M )o@
bbb Lo3zmg3o0  ©bHI-ob  BMEg3MEol  5T30R0ZO30L s ol MomEgbmdMog
39BLOBEOZMLL. Moo Mol PCR-ol 30390960900 05539996900 GHMo©oEowwo
PCR-0l Bmao0 360063039009 ©s 9bgbl 83eox0306090wo ©bd-ob ®omgbmdols
39BL5BEZMN MoMMgMEo (30300l d909y. PCR-0l 8900m@ds gos®mm 259mygqbgds 33mgs,
OMaMOE 00mBsdgEOE0bM, 0l FMs35¢0 bbgs IMPOL - FMEg3MEMMO dOMEMYOOU,
396930308 s LobOFsGME ™ F936096M9d0L, 06839d30MM0 s9350JOGOOL s Bodgibogm
33193990l 360d3H03sdo. dobgszs PCR-ob gs®mm 259myqbgdols, dgooml gosBbos



530L0  b53e0mgob60 FbotngdoE, o3 godmobsdgds 0dsdo, MHMI 3OHMmaEgLbl  LBFoMgds
0mdo30  $H9d39Mo@GHWOHMEO (330w gds,  Jogdwo  3OMNYIGHo Mol d3ocy
509bMdOL (©sd30 BobMIMEsmMo 3mb396EHM305) s 36M5009Mgd0 SGMOL d306M0.

39651369 Hargdol  2obdsgzermdsdo  bmzagobols  3393900L 5830035300
965350 50 GHgMbsGH0Mwo dgmnmEgdol 0dbs Homdmagbowo. dsm dmMob: bmzwgobols
95530l 09630000)360M35Dg ©sx39dbgd Mo 533¢0x035305 (Nucleic acid sequence-based
amplification (NASBA)), yg9wgmgsbo 533053035305 (Loop Mediated Isothermal
Amplification (LAMP)), 3garo3sbs ©s9m30090vwwo 583wogozs3os (Helicase-dependent
amplification (HDA)), dmd@og §Ooeo 533¢r0g3035305 (Rolling circle amplification (RCA)),
693030065%5  3me0dgmsBMwo  533wox03s30s (Recombinase polymerase amplification
(RPA)), 09653500% 96500 X0F308 BRobo33engdol 83wwogolzsgos (Multiple displacement
amplification (MDA)), x5330L Bsbogargdol  s83wwogozsgos (Strand  displacement
amplification (SDA)) 05 2569¢™gd5000 533¢0093035300L dgomo (Ramification amplification
method (RAM)) (3, 8, 29, 34, 39, 49, 63, 66).

d0bgogz50 0doby, MMI  seGHYMHbsGHoMwo IgomEgool  dgdobobdgdo  MRM™
333w9dbwyemos, 30cMg PCR-0b. 3500 35603 99300 099dx mdgligdmero dadbmdgwrmds, PCR-
ol 99D0M©390056  F08sMNgdsdo.  dSeBHgMbsGHomwo  dgomEadol  FgBHgumds
0bM0gMHIME0s s PCR-0Lgob 49b6Lb30390000 96 LoFoMmgdgh 3H9039Mo@OH 303gdb,
36 LHOIx0 25m0mdoLs O 2530900l 39dsboBIgdL. dombgogs@ 53obs, sboero dgmmgdo
3303 9336090 330093905 MBRgds. 53 8goomgdL oggcm PCR-ol  Bobsgargdols
33H9b(305¢00. 9335, IO 56 dIbGMS F>OM30L 3MTIMHE0O Lobol do3gds.

65996039 ferol Hob dgoddbs ©b3-ol 3353 gdugd by ORMAbgdmwo, sHoEO,
0BMmMgOHIMo dgomo ©HI-0l Logabsrols dsdeog®mgdolmgol (37). ©bT-ob dmzery,
399606000  doEI® 96300 Y3OMOJOL  od3  MbBs®o  [o®dmdabsb  G-3350@H93H 900,
339001939 dbgdo (37). 3390MHY3gdbol BMEOI0MGdS LOFOOMIIL OMBOL 35000MbYOL.
3390003wgdbo  09MHIME0bs303MYMI©  NBOM LGB MMH0s, 3000609 03039
0568080930™Md0L ©EvY3gdlo. gl ™30L9ds Jglodergdgaerl beol oo godmygbgdsl bd-ob
0DMMYMIMNE0 533053035300l Mgodi0sdo (quadruplex priming amplification (QPA)) (37).



QPA 560l PCR-0b 5¢0@g6bsomwo, obmmg®dnmo dgmmoo. QPA Ggsdiosdo 30s0dgeo
560l d(GGGTGGGTGGGTGGG) - G3T 096300009360™ds, GMIglsg 37 - 360500 dmermdo
Bo9mE0w 0o 593L gmebobo, sbgmo ™bI0dY3eMds 396 Fomdmddbol 3353 gul.
9L 30L90s Ho08Moqbl QPA 954300l 8dscmdol dmogs® d94sboBal. Lsfyol 9@e3by,
361500960 3539060 ds 3M50dgMoL dIoL vdsbL (primer binding site (PBS)), garmbysgool
9900099, MMm©aLyE  3mEr0dgMOBs  36M50TgOL  B0sd5AL  gebobl, ol MsgzoLbmegzs©
3MmOIOMEI0S  3390MM3egJlo®.  3350M3WgJud  BMOT0MYOOL TJOIRS©  3M60TIOHO
53005350, 0BMMYMHTINWs©, LEOWYds BsdoBEY EBI-U s s30T gdls PBS-U
39000930 365039MH0bm30L. gl IgbodErgdgels beol 36039090l O  gsdmyggbgdsl,
596 L¥FOBbY HI Yym3zgEM30L MH30LYBOWO0s 3MIOTYNMID OLS3ZSZ3T0MGdEs©. QPA
Mgodaos  sbg3g  0ygbgdl  33950MM3wgdlol 3093 9P  ™M30LgdSL, vy G3T
05690000936000580, ywRol 3mHBoEosdo Bsgs396M09000 BerMglo®gds bm3wgm@owl
(05p.: 2-aminopurine (2AP); 6-methylisoxanthopterin (6MI); 6 3-methylisoxanthopterin
(3MI)), M0G0 33903y Jbo 33593l FoBOEOE BHILEIEEOYIE Logborl
(37). H™OgLYE BLIOHILE0MJO©0 693egmE0©Oo BdTMwos ©bT-ob gMmadsy xoF3d0, 96
©3egdbdo dobo dgbmdgwo b693gmEH0Egdo HIMII6 BurMEGEOMds©  Logbowl.
bomm,  335060m3¢gdbol gmGmBomgdol 9999y,  290mbmogzolbynwgds 6o
693w 9mGH0gdolysh, oo  BMEILE0MGdS  0BMEIdS, M3  3390MI3gdLol
5530JL0MGOOL  FoOFHOZ LTS gdsl FoMdMmoqbL. Bosmo godmygbgdom Tgbodergdgero
bgds, QPA  Ggodgoolb  Mgowme Mmoo  ©s33060390s. QPA  6gojgosdo  G3T
5600000930085  JONEOMMWOIE  3M00TJO0ES S FMNIEIE0  FMEGIMESE, O3 90
990000l 30093 JOHPO M30M5BHIMDS.

B3960 330930l dobsbo oym, 9dudmbgbiom®mo QPA Ggsjgool 99839mdoo 99339Jdbs
©b63-b ©9EH9J3ooLs s 533¢0x13035300L LEMSxg0, 9n39dGMeo dgomo. B3gb 893000985390
©b63-0b LHOsx0 259653 gdol 0BMmmMgMIMEo dgmmEo, gJudmbgbiom®o QPA gsdios
(58). 9l Ggod3os LOFOOMIAL ™G 36o0dgeOL: (1) QPA-36099M0 (G3T-ob {szzgoowo
0568080930 ds, BEMOHILEOMYIOO 699130 )MmEGH0Om 4wRol 3mD0E0s80), MGG
593L 16560, 3350063 9JLoE BMOI0MYOOL 90, 0530035 OLMEOMEIL bsdoBbY



©b63-b s (i) 9.§. d9mE9 361509960, MHMIgeoz QPA-36G50396M0L 3ol «dbol 4s3M3egdols
LodMogdsll 0dEg3s. 930930039 bgds QPA-3(50d96M0L Lsdobbg ©BT-msb d3s o
dolo  ©73¢035305. 33903 gJbol  BMOIoMIOOL T9dgy, 36503gMHOL B0l wYdbL
3530060905 89990 QPA-365099600 ©5 30m0dgmobsl 89939mdoo 808obs®mgmdls
X5F30L Bobo3300900L ©19od30s. BBsE3wgdIemo 583¢03mbo 8903938 dgmmg 361509960
0dob BSBL. d9mM9 36150d9MOL dIOL O JEMbs300L 9IRS 3009dm B39l Lafiyols
L580Bby EBT-L, HMIgGELsE 993l 30503900l doL Ydsbo QPA-3M0dgMHolm3ol. dggo©
30090 69543008 MO0 3M50dgMH00 s Fom0 JJLodsdolo ddol MdBgdom. 580l F9dgR
0954305  8000bsMgMdL  9JudmbgboMs. B39 3939690, GMI  s©bodbmwo
0DM09mHIME0 G900Mm©0m Fglodgdgw0s 5GHMIMWIOIE0 306:396EGsE300L LydoBby bA-
ol ©9G9J30° S 533E0R035305 IbEMgdom 40 momdo.

LoobgOES30M Bsdemdo 99036905 0BMmgMmIMEO, MmM365099600560
99b3mbgbgomMEmo  335MM3E9l 3M0TYMHIO SA3EX0GB035300L FgMEOL  F98MTs3905L,
MMIglsg 993 ©999gbodg LoxzgbwmEo. MomMmgne LExgbwEOL 593l Msgzobo JgHBME3Y,
GHIOoL oowsbzsi 8mygz0fos 50bodbmeo dgommeol 899353900l 3gMomedo.



2.2 155893609 0@ MoEMOL dodmbogrgs

2.2.1. 6293¢m9060b Gi153980b 583¢0%0.35600L d9000200980

Bm3gobols 3553900L  583¢0x035305 8608369 m3zs560 Tgommos sMs  FbmEwm
2363966 3300939030, 56599JO BIODMM®  odM0Ygbgds Lbgzssolbgs Lagmmgddog:
3w0bo3memo 990003060l  obgz0maMgds, 0bx3gd0mMo 9350 JOGOOL  OsRBMBOMYGdS,
3969960 300mb0oMgds S LETIMYHIgEM bomolbol 30bEMME0o, LobosdsGmerm dg3bogMgdgdo.

300dgMsbm x93F3MM0 M95Jd30s (Polymerase chain reaction (PCR)) 560l 306390
d900M©0, H©M3qeos 990ddbs Bm3egobol 855539000 953¢0g3035300L5M30L, dyerobol (Mullis)
9096 (46) @5 E®ILSE MPRYdS 5330GB0353008 FMez56 gmms. PCR 5ol Lolivyggawro
dgoomEo oLy, bLYIOMYdJdo, MMIJEoE 9393900 dME0s B3 gobols  Fx93900L
593w0x80353056056. Jolo LoTsMEH030L, 5300 FJNMEOMEMAO0L, M9o9bBHJdOLS o
bawbsfiymgdol bgedobsizomdmadol qodm.

300d9MsDMwo X9F3MNO0 M75d30s M0 IMEg3ME&-g969BH03MMo  dgmmo,
Gmdgeog ©b3-ol BMLrdbEOL 983008035300l BodNogdsl 0dwgls. PCR s{o®Bmgodl
©b63-0b BsdoBby BOHATIBEGHOL SbEgdol LobmgBL. SEbodbmEo dgommpo 0g4gbgdl ©bd-ols
3520 X533900L ©9bsGHMESE00L s domo 9bBodMMo 93035300l 3OHM(390 MGl
3963gmEdoo  ;MmgMdMmo 3030l Ggg0ddo. PCR-ob  doMomso  3033mbgb@goos
3650096900, 09MHIMBE 9000 19MIgbGo ©b3-3mwodgemsbs Qo
©9BMJLoM0dMEM3wgMmEH0gd0. PCR 809000656)9mdL 356L5B0360)co mgMdoero Ggg0dol
306mdq0do, MOMIgEog 0mo3s3L  (30300M9gdol LYY Msbdodgztrme 9BS3L (Lwe. 1):
9653 MM530s, 96 ©B3-0b MmMTsyo KOF30L  FoEO3Mds ©BT-0L 9Oy K9FI)OS©
(3623950 30dEO6sMIYMBL ~95°C), 560 0Mgds, 56+ 36M50d96M9d0L Lodobby BT-0l X 9F30056
035 (36MHm39Lo d0dEobsMYMOL ~55°C) s gurmbys305/9duBgbLos (Elongation/Extension), s6vy
MmOx5330560 ©B3-U BOSRIIBEGHOL sHgmds (3Gm3gbo 80dobscgmdls ~72°C). PCR-olbmgol

09030 53999539008 Bsdo @930 (IBIGIMS(305-5600Mgds-geMbys30s) FoMdmgdls



LodomE 30-40 (30305©. GHM903E0wwo PCR-0b sen@gMbs@ogzsl o0dmoagbl 9.§.
M95mHo O™molb PCR (Real-Time PCR). 695¢0mMo o6Omol PCR-0l «930605¢)glbmds 0dsdo
0Mmdomgmdl, Mmd ol  gOHOOOMMELE  sbIbL  by33zwg3o  ©H3-0l  Fmeg3gEol
503080353058 @5 dol  MoMmEIbmdMog  AoBLIBOZMLL.  GgowMo  M™mol PCR-ol
303900900 ©sx)dbgdMEos BHMooE0wo PCR-ol Bmys 3600b30390Hg s sbgbls
503w0x030M0o ©b3-0b MomEIbMdOL goblsBzMsl Mmommgmwo 3o3wol 899wy,
PCR-0l 990035 oG g580mggbgds 33035 H@ame3 30mbodgoiobm, oby dMsgswo bbgs
M0l - FMEY3MNMMO0  dOMWMYP00L, 496930308 s BolvdsMmerm  3936096M9d00,
0633993060 9350090900l s Lsdgboghm  33e93990L  3GodGH03odo, dopsd PCR-L
399BB05 0530L0 Bs3em3zsb0 TboMrggdos, Mog 2odmobs@gds 08580, HMA 3OHMEILL bFoMEYdS

9900030 $99396M5GHOMO (33X0WGds, 00O 3MMEYYJEHO SMOL doe0sb Mm@ ©d

TOCLOVEDOD Xatito

(95 °C)

IT g&o30

(55 °C)

III g»s30

(72 °C)

L5000 1. 30:EOTIOSBME X53F39M0 DYool BdgBoGMEO gsdmlisbryengds.



3650396900 5Gol d3060.

dombgozs® PCR-ob  go@om@  godmyggbgdols,  dsb  goohbos 256339990
99007039003,  LBsFoOHMdL  d3005  OMYdME  bgalbofgmgdl,  od3l  IMsZo
3b3mb96E0sb0 ©gBH9gJgool dgom©o s LoFoMmgdls mgMdne 303egdl (34). LHmGmgo
5do@ma, ©OILEOIMO0! 5930M5© 3000b56MMdL 33093900 b3-ols
5930x0353008m30L b0 gmNMEOMEMR09gd0l d9dwdsgzqd5d0.

w3obs3bg  fergddo  b3argoboll  3593900L  933¢0x035300L M350
3B gMbsGomwo dgomEo 0gbs  Homdmagbowo. dsm  dmGol: bmzwrgobols 8530l
0560080930MdsbY  ondbgdmwo  533eogozs3os  (Nucleic acid  sequence-based
amplification (NASBA)), gmwgmgsbo 53303035305 (Loop Mediated Isothermal
Amplification (LAMP)), 3900355 09300900 533¢0xg03s530s (Helicase-dependent
amplification (HDA)), dmd6og §Oomeo 53303035305 (Rolling circle amplification (RCA)),
93030065%5  3m0dgmsHMwo  533woxgols3os (Recombinase polymerase amplification
(RPA)), 09653500% 96500 X53F308 BRobo33engdoll 83wwogolzsgos (Multiple displacement
amplification (MDA)), %x5330L6 Bobs33awgdol  s83woxgozsgos (Strand  displacement
amplification (SDA)) @5 25683 M9d5000 5330530353008 dgommeo (Ramification amplification
method (RAM)) (3, 8, 29, 34, 39, 49, 63, 66).

909bgog5 0doby, MMI  SeBGHIMHbsGHoMwo gomEadol d9dsbobdgoo  MBOM
333w9dbyemos, 30cMg PCR-0b. 3500 35603 99300 099dx mdqligdmero dadbmdgwrmds, PCR-
ol 99D0M©390096  F0FsMMgdsdo.  dSEBHIMbsGHOMwo  FgomEgdol I gBHgumds
0bMmmgOHIMNos  ©s PCR-0bpob 0blbgs3gd0m o6 LoFoMmmgdgb  3H9939Mo@meme
303900,96 LHGOSRO A5mdMdOLS s 4530900L d9doboBIgOl. M3, sbowro dgommgdo,

3303 393360909 33093905 MBRgds. 53 goomgdL g3z PCR-ol  Bsbsgargdols
3039630500, 8o X6 56 MBS FoMZ30L 3IJO 30w Lobols doggds.



2.2.2. grpemnmzs60 0bmogtidayemo s05emogospos (Loop Mediated Isothermal Amplification
(LAMP))

LAMP 560b 6993c0g0obol 8553900 583¢0033035300L B39308032960, JoMEGH030, LiMsRo
©>  9899HMG0  0BgMHIMwo  dgoomo. LAMP-Ub  5ggl  983¢r030mbgdols 030l
39990% M09L9dM0, FoMGH030 LobEgds. LAMP-ol ©bd-ol LobmgBol 3Gmigbo 99Hbmds

Ill. Elongation and recycling step

A |. Starting material producing ste 81 Bl __F1 BIP
. g p g step . BB 5 F)LEE
B1 B2 Bl /f& 16, (B2c B1 e
5 83 B2 81 Fic Fac Fac & 1 F2c Ble ™ ==
p el e &t —— % =
-
‘ ZA\FIc =73 10 '\§,§2 @c %
.
B3 B2 B1 Fic F2c F3c B2 By F S
= e —agp— —— M
B3¢ B2c Bic F1 F2 F3
* Fle
Bt B2c Bic F1
B3 B2 Bt Fic F2c Fac LSl
3 -— i Bic B2 '3’;2"
B3 B2c  Bic F1 2 F3 Big o~
Ble\BIE + (25§, £ P2
4. es—k—-» F1 8
. B2c 7
“ Bl B2c  Bic B o L’“, F2 %
v F2 Bl e 17, ’
= B3 B2 81 Fic  Fc Fi B2c B1 B2¢.B1  Fy
B B2 Ble TR P R
81 Fic (21 \’\f’P
5. (823—,3“ & 'v=<F‘ Fz) o BlBE (8‘2'8‘\:%9‘
* o Bt ezc F' 2, m\\? %
.
II. Cycling amplification step / X
Flc
31
5 Bic B2 81 Fic > C/O
7. F20)4
81 B Bic @ 2=
{ FIe ™ )} FIP B2c H o
. Bl B2c  Bic F1i 82 -
—- & — = B2)B1 F2¢
Bic B2 B1 € 2 e /.
_ v Fip
Fic F2 B1 F\a
Bic B2¢
Ca
B2c B1 ~ ) Bip
v -
‘ 15 B1 B2c Bic F1 B2¢ BL F) 2
B1 F2c, 81 Fic
B1 B2c Bic F1 ez Bic (\ o~
9. — o (2= B2/ N
Blc 82 81 S (82 o G‘gmm 2
F1 C
Fic F2 B1 -
Bic
B2c Bi Flc *
BIP ")/B'P @ d F1
+ - B2c BT AR
Bic F1 F2 1¢ Foc BIP
10 B2c —_— === B2 sn:/? 19, AN\~
“o B! Fie F2c F1 T ic 72 B2c._B1
BIP B2¢~ 2 Fic
f 8 \$\ C Bic =
~5 1 G F2
'BiP i 2 81 2N
Bic Fi eac
Flc B2c— Bic
82 7B A Fic F2
B1 B2 R N~
(—\ S TS - A < Bic B2 B1 E,‘_\\@c N
T F2 Fic . 81 Bc  Bic  F N
g2 Bic H
v +
\'\a Bic F1
FIP ‘4 s — P2
20, 153 5 Fle s
Bic 82 Bi B29
3 e _—_i)
B1 B2 Bic ) y
FIP

bmGooo 2. gmeamgsbo obmmgmdmmo  s83mogozsgool  (Loop Mediated Isothermal
Amplification (LAMP)) lsidgBs@m®o godmlssbogemgds.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3831736/figure/F1/

333MISGHMO© 3030905 X93F30L Bbs3E3egd0L Bgodi300L, MMIgoiE beMEogergds
60-65°C-Bg @osbermgdom 45-60 for-ob 2s6ds3wmdsdo. LAMP dgommo 0ygbgdl bd
30dgmH5Dsl x93F30L Bobs330900L Bomowo Mbstoom (Bacillus stearothermophylus (Bst)),

©9bmJLoM0dMb3mgmGH0OL GHMHoBMLGsGL (ANTPs), L3gEoswn® 36500969l
@5 Bsdobby B3-U. LBYEOBOIMOO MMbO 3M50dgMHO (MO FoEs s MO oMy 3M50xMO)
50m0@Ebmdl s 993930060 9gds  LEAoBEY ©BT-0b g3l @oblbgeggdmee  MdsbL. LAMP
5930xR035300L  ©9od30s bmM309w©qds Lsd bsdoxsw: (i) ULsfigobo dsbogrols gdabs
(Production of starting material), (ii) 303006090500 533¢0g3035305 (cycling amplification) o
(iii) geErmbasE0s s M9od300l o8gmegds (elongation and recycling) (bvm@. 2) (49). dooswro
LOBMBEOL FoEHgzs FglodErgdgEos FSEHJO0MO dZ30M5VOMIOVIO 39gdbozol ds6gdg.
60330l ImIBsYds bgds Fgscgd0m JoM 30350 3069 PCR-LS 05 H95¢0mMo otmol
PCR-30. LAMP 300603960 60818900l ©s006d6mq00L 8085000 3505¢00  g58dengmdoo
bsb0s0Yds @S M959300LMZ0L 56 LyFOOMII EBT-0l sToEHIOOM QoLIBMS39dsL, PCR-
Uob  aoblbgoggdom (48). ¢3m  GHEMBLIO03GHIBOL  3MIdoboGMdom, LAMP-U  8smowo
9899GHMB™d0m 919deos M®b3-0l 196308 Y3MIMdOL 5T3W0GB03sE30s. JNMPO odMmoMBI3s
3o0oo dMAbMOYMBOm S BoMgodzom sM9gdo I30609 Momgbmdol Lsdobby ©bI-ol
©939JH0M9d0L Mbsom (49). LAMP-U g05Bb0s 3m@H9bzoswo, 99c0030bsts s go@dsiool
B06IPGHNG  33wg300d0,  s1g3)  0689I30NO0  ©935@EIBYOOL  33wY3gdTo >
©0536mbGHO30L  9B9JGHMO0  FgomEgdol  Fqdmdsgqdsdo  (17). LAMP-ob  50mygbgds
d9LsdgdgE0s, OMAMOE ©b3-0l, U939 MBI-ob 6493 gMEH0MOHO  MsbI0I3O™BOL
296LsBE3MOLsmz0L (15, 16).


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3831736/?report=classic#ref3

2.2.3. br93emgobols G330l 03568080093650285 Y9 @sB1db9829cm0 583emoRasgos (Nucleic Acid
Sequence-Based Amplification (NASBA))

NASBA 560l 0Bmmg6mdneo, @G6msbligzmhon30s%9-0sivmdbgdmwo 533080353000
9goomEo 139300 EsE 890 ds390Eo  MB3-o s  ©B3-ob  (3vE-)sF30560
0560000093600900LmM30L, 5330x5035300LM30L. gl FgomEo 30M39mo  Ho®Im©0bs
30333mbds> (Compton) 1991 gl (8). Mgodgos 300@0bsMGMdL Fobsbfo® goblsbrg®wmem

Initiation phase Amplification phase

LTCVAVAVAVAVAVAN
RNase H
65°C P1
P /\/\/\/\/700\\ VNN ANONLNV 7\ VAVAVAVAVZ2.92.\)
41°C RT RY
RT JOOORORO0000N ; - 3 REAN
MONNAAN JOXRCRCOOON
RN;;G H (X)Q{\ AN \/\/\ P2 RNA Polymerase
N N\ NN
RT ' qrv ) "/\\'/ ”/\\/\/\’A‘
JOCOROROOOOKX, TAVAVAVAVAV AN
RNA(-)
RNA Polymerase \N\N\NS A\VAY
AVAVAVAVAV AN
/ \/\/’l\/ ‘\//\\_//\'\

b©o00 3. 6493¢g0bol 8530l 056800¢g3MMdsBY sxmAbgdmero 533¢rogo3sgools (Nucleic
Acid Sequence-Based Amplification (NASBA)) bdg8s&1960 g50mlsbuengds.

9mdog $H9939M5@MOmsby, 41 °C-Bg. 933053035300 Mgod30580 39GHMIBLIMOZE00L
(reverse transcription) 5J&03mdol 0b@gamocmgdom, 899993535 Fgmmo Lbgsslbgs MbA-
L30L: HOdMLBMINWO, LEEMIBLEMOEM, 0bRMOTs30MWwo s F9bmINMo MBI (12).

NASBA 0949gbgdls m6, Lodobbgbg «dsbbg dmcygdne, MBI 36H50dgemL s Lsd 9bBodls
(396396@U) (Avian Myeloblastosis Virus Reverse Transcriptase (AMV RT), T7 DNA-dependent
RNA polymerase (DdRp) coo RNase H).)

UBObIOGHMo NASBA-I Hb3-ob 5830058035305 8080bsMYMBL FqdgabsoMo
(LG, 3): 306MH39c 9Ba3bg bgds ®63-0l 063735305 65 °C-Bg, LsdoBbY Tmerg3MEols

10




0965306 5d0LmM30L 96Dl sds@Hgool fjob. sdob Jgdgy Mgodi3os 808ObsGmMBL
dmdog 41 °C 393396 cmsby. 0bozosgool xksBsdo, 13g30x803MNOMO0 36Ms0dgho (P1),
Aol 5’ 30500 dmeem sGob T7 DdRp-U 3G:mIm@GHmOmwo «dsbo, 35300600905 Bsdobby
063-b > bgds doLo ELRMIGGdS M3BEIBLIO03GSBIL F0ge. Fggrs© FJowgdmwo
»b60:0b63 3939MHMm3wgdul RNase H dgools, bmerm 1393053032960 ©9399-360503960 (reverse
primer) (P2) g3dol 9ol 3m33wgdgb@om<cm BBl s 3MEBHEMBLIM03EHsDs sbgbl dolo
90Mmbgo3ost. 990990 30090  mOXSFZ0506 @B GMIglsg  9gal  LodoBby
05680809360™Mds s T7 3OMIMGMOMwo dsb0. 583w0xg03s5300L Bsbs, T7 DdRp Jdbol
Lofgobo LsdoBbg Mgzl 333 9d9bE IO MBI-0ME)3Mgdl. 58 9BS3BY bgds
4m39e0  sbwo  LobmgBomgdmmwo  GBEI-0l  sLEgdOl Qo33 gds,  9Ju3mbybzom®o
5930330353008 9900939 30090m ULsfiyobo LsdoBby 60dMTol 3MA3wgdgb@strmer GBI

993 gdl.  800gdo  3OGMmEJBOL  ©@IBHIJBH0MIds  bgds  30d6MHO0EOD305DY
©553dbgdemo dgommegdoo (ECL, LFA, ECD) (9, 50, 55, 60).

U939, 8godergds  addmyggbgdry  0gbob  @oGIdgool  gmmEo  dmergINE OO
093mboo (molecular beacons) (MB) (68). MB 6oL bm3wqgobols 955306 g0 xsF30560
40, dmEwmgdbg 900589MHdwwo Fermemgzmo (fluorophore) @y dobo FgLodsdobo
Bsdbdmdo (quencher) dmg3wegdom (65). gerxgol dEaMmdsMgmdIdo BEMOHMABMEOO ©S
B53JMMd0 g6 gmnmsb 00gbo sbEmls 56056, MMI FermE@glzgbiEos BPobdmdowos (64).
MB-b ©535380609300 533¢0RB030MJOIM 3OMEOMIGHMD, BWMMOMBMOO ©s BsdHIMdO
96035690b ITMMOIOI S 300JOD BOHL39bE0 Logbsels. MB-ol 459mygbgdom
d9Lsdegdgeos NASBA-ob 6o ©@Omdo ©s3300390s. 51939, BO9LEbEomEo
Logbsero JoEgdMEo MBI 3O:MEYIEHOL MoMmEIbmdOL 3MM3MEME0Wos (24, 47).

11



2.2.4. x5330b Bsbs33¢cm98000 503¢70503560s (Strand Displacement Amplification (SDA))

30639o SDA 3900m©0 s0fgmo 0dbs 1992 {owb (63). dgom©o 04gbgdl mmb
39bLb35390 36M5099ML S MG BT 3MEP0TGMHIBL. SDA-U MOMMGIO (303e0 T9EYNOS:
1. 360500960 835 Lodobby HI-Msb, 3MY0dgMmo MLGOOdE0wwo Mdbom (Mdsbo MmOl

denatine target
§ o .n'.....

.-.“L—'.’ N . = 3

pramer onm ‘M
m

u‘h‘ Y. &"
l’?. and 4

,' 8 joxt ﬁo,\.

! un%‘_'“ and 8, on
S ‘2.': \

’OM .-m are
M by sno"

‘mo'mo

.' ‘ :llm by exo”
oo-—
S, ..
$, B,
3, s7
S5

§ mcng by Mnce

J exlansion/dlapiacement
by *xo” Wenow

"
TR,
%

hybridize SOA primers to deplaced strands

LmGsmo 4. xs330L Bsbs3gwrgdol s33¢roxnozsgool (Strand Displacement Amplification
(SDA)) bggds@vyto gs8mlisbugemads.

12



9005053 9JBo©mos  Hincll  gaBmb3ego®s)  93930060H@9ds  Lsdobbg ©bd-l, 2.
36503960/ 5380 bbg ©bd-ols 303 gdlol GEMbys3z0s A 3mEP0dgMIBs exo-Klenow-b dog®,
3. Hincll g9a®Bmbm3c0goBsl 9096 ©b3d-ol xoF30L 030, 4. Hincll gaBmbomargsbsls
obM305305 FMHoL MObosb s 5. ImFMoEo MBbOL gEMmbys30s s xo9F30L Bsbs33gds
(Lwe. 4) (62). gb Ggod3os d00E0bsMMdL dowoe FH9gd3gMo@MBY. M9god300ol g9
Qbmadom 9o Lssmdo dga30dwos doz00mm  LsdoBby ©bd-ol 10° sbero. SDA
99%39dAMOs© 396 9bIbL gMdgwo Lsdobbg ©bI-0ol 93¢0x3530sL, o3 o3 dgomeol
900535600  d9bEM35L  FoMdmoygbl  (63). SDA-L dsBsbg 09ddbogros  Lbgoolbgs
©939J300L GHgbBHoMgdoL 3m3gOEovo dgmmEqdo (8s5y.: BDProbeTec (Becton Dickinson,
Franklin Lakes, NJ, USA)). 51939 sG>0l 330093900, 59 d900m@ol 25dmyqbgds®g Mycobacterium
tuberculosis  50mbORYBS©, 30MO306 3wobozmemo Bodwdgdosb (42). 53 dgomOL

99%393AMOMIS  33em03 MBgds  33eg30L  Logbs, dob goGmom  bsdgoEobm  33wg390d0
399my9gbgd0lm30UL.

2.2.5. 8mdtrsg porowemo s83¢ro%5035505 (Rolling Circle Amplification (RCA))

RCA 560b 6m309060bL 8553900 5330033035300l 300093 gPmo dgomeo (39, 53, 54,
67). 59 09gmEom Jgbodergdgeros bsdobBby ©bI-ob  Msbdodgz™™MdOl  10°-xgMHoO

T

Padlo-ck probe Ligation Primer extension Strand-displacing synthesis of a long
hybridization single-stranded DNA molecule

b0 5. dmdMog [iMommo 533eogozsgool (Rolling Circle Amplification (RCA))
Ug035G1M0o g50mlsbmangds.
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533W0R035305 OHMameOE ®bgzs®, U939 BJI30MDBY IBROJLOMGOMIE  FxOMEIOOM,
dmdog 399339M5GHMmsDg. oL g3l Mbso  ssGoJBoMML  Mdgbody L3gE30B03MGO,
POommo Ls3oBby BT, LodguB™m bodmddo. RCA Ggod305d0 BsGMI0s 0BMMgOHIMwo
96008530300 LObMYHBOL FMS35¢0 BsBs. P29 EBT-3MEP0TGMHHBSs FMET0Z35 SHYBL
0607w 5-30060H0E0BYOME0  36M5039MH0L  IRMIJGISL  [iBomwo  LsdoBby  ©bT-ol
2390390, 990939 300900  2obdgmMgds@, LsdoBby ©bI-ol  3MI3EgdgbE I,
0630 gmEGH0EMO 096300©g3eMmdsL (bxe. 5) (7, 13). RCA dgom@o bszergds
9303bMd0s6Mg5  ©d0bIMMgOOl B0Bsmm, Mo3 dobo FMoz56M0  30MSEHJLMdS PCR-msb
3905609%0m. bmgm, bbgs 0BMmmgmdmeo 583¢033035300L 3900MmEYdoLASH goblibgsgzgdom,
00 96 LOEMGOOmM 9O BoFoMMGIL, 56 LsFoMmMYOL I30609 M3BH0T0Bs30sL. RCA gomb
399BbB0s  Loa®ABbMdO  M30MOEJLMBYO0  BYI30MBY IBOJLOMPOMWO  ST3WOGBOIS300L
3900MmYdMb gotgdom, in situ sb JozMmsmqols (microarray) 890m©Ydmsb dgacmgdoom.
P6Ox03 RCA 695430580 583¢0053035300L 99009390 800900 3OHMmEYJE0 Mbgds 30ddwmwo
L580Bby H3-056. RCA 51939 93B905OS X EMIIOLS S JuM3z0WgdHBY ORMAbgd
9900 q0mb, 39nMEOL 0BMMIOTME boLOsMOEID 25dMmIE0bsMy s JONOOHMMES©
Ubgoolibgs  39M396M0L  M35¢0Bs300l  Mbsdom. RCA  slggg  go9mygbgdoos  od
d900b393993d0, HMEgLsE 3603369cM35605 IMOBMEMYOMMO 06RMMT5300L T9bsebbgds.
RCA 0dwggzs Loabogdol wm3soBogosl  dglodegdemdsl. 53335M0@  sboliosmgdl
GO39 dmeg3egdl  3mb3Mg@Ewo 4969303 mMo  Fobslosmgdargdom (7, 71), b
domgdodon®o  dobsboomgdwgdom (54, 67). RCA  Ggod309d0  9B39690L  G9Lsbodbsg
13930BOIOMI ©b3d-ob 056800936 ™d0l dodstm, M3 bgloy®mgwos
3960mG03060900L5030L 56 FEHSE00L M3 gbolm30L @S Bodsgdsl 0dwg3s (35 Bsbo©
d5bobmL b3d-0l o6 390900l 0IbEH0B03s30s (45). PCR-056 dgs69gdom, RCA ©bd-ol
©05abMbG03s 9GOl MBOM M350 RBIMHM360 s 533080353006 OML 3393 O
d930™39%0 89930609dw0s, Sy MM LsFoBby dmwg3gdol HdObIMEOGBOL dodstron
9939 M9HBoLEBHIBGHWMWO M95d305 930w oAMLY)DYdg0s EglEG0MmgdolL Lbgsolibgs
dgoomqddo. RCA  #9dbmemyool  LBods®GH039 @  9BIJHMIOMBS,  MH3MEIbMdMO3
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39bLsBOZMOL  LOBMUEJLD gOMsE, Tglsdwgdgwl bol ol gsdmygbgdsls dswowo
bs®olbolb ddmbg 30605@OHw s 53EHMIdGH0B0MGOME 5b5e0Bgddo (25).

2.2.6. 0ms35¢7x90500 x5330L  Bsbspgemrgdol  s03erogozsgos (Multiple Displacement
Amplification (MDA))

MDA  56H0b  80@osbo  g9bmdols  583¢r0x030609d0L  0BmmgMdmwo  dgomo,
OIgebsg 9g3b 3069 Mom@gbmdol bd-ob dmeg3wegdol sd3eoxg03s300L Mbsdo (11).
MDA 049690l G d98mbgg3000 dgMBgme 3moxo300gdme 36Mo0dgMadl, slgag @29
©63-30¢0089M5Bol x5F30L Bsbs33wgdol Mbs®L. 53 dgom@om dglsdwgdgeos 70 kb
Log®dol ©bBI-0l sb30dEY3OMBOL 533¢0x035305 (5), MYMINWO F0JYdoL oc9dg.

5 58 555 5 Double stranded nucleic acid

Y e e e e e 5

P —_-.——-.— 3

w
& I
e "
7
U0 ISUD)XD
19 WL

LA A A A A A A A i

S

A

uorpEuep purngy

juawaordsip pun

N

b©500 6. IH535¢0XRIMO K5330L Bsbs33gdol 583cmogolsgool (Multiple Displacement
Amplification (MDA)) Ugg0s¢&w®0 353mlbobeemgds.
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d99mbggz0m 99MBgmwo 3605099600 s P29 ©BT-3mMe0dgMBs godmoyqbgds HOomwo ©ba-
ol 533¢0x035300bm30 RCA Ggsdiosdo (31, 35). RCA 6godgool Bgdmo smfigowo
3003mbgbBHy MDA  25dm0949bgdl  29bmdmeo  §Oxo30 ©@B3-ob  933w0g035300LM300.
695d300Lm30L LsFoMMms 3G5089M9d0L, LsdoBby HI-0L, ANTPs s P29 EHI-3mE0TgHEBOL
06305305 30 °C-Bg ©o5bmgdom 16-18 Lssmob 496353@rmdsdo (L. 6) (44).

MDA 695J30osb 56 BFomgds 39bmd«memo bd-ob 39039Mo@wOHwo gbs@mesgosl,
365039600 560oMgdolm3zol.  ©B3-0b  MmMToy  X9F3Mb  36509MoL  Fgdmbzg3000
5393006935  153056M0L0s  3MW0dgMOL BBy  DI-Mb  ©5353006MBOL  9Es30bL
©oLOHYx0. MoLoE IM3Yzqgds XOF30L Bobs3zwgdol 3GMmiglo. bBsBzgbgdo odbs, ®MI
965315300l 9BHo30L sdMmBH™M3gd0m bgds LsdoBbY TMeg3MEIGdOL  IAMSIEOOL
399306905 5 583¢08035300L B3xE0R0ZMNOMBOL oYM (11). MDA 89000 g58m0o6MB93s
95050 LEMRIOOm, IbMgdom 20-30 pg ©b3-0l Jowgdss Tglsdergdgwo, 53056l
396mdol ©B3-0l o056 d30Mg SLr0sh (~10 sLero) (11). 5Ebsbodbsgos, Mmd MDA

95d300L 58308035300l LoMygdgwo  Lsfigolbo  ©bT-ob  3mb:39bGHMSE0sBY

5930009090 56 5GOL O M1759d305L 593L 9.§. SEsGM.

2.2.7. 39¢m035Ys @50m30098-9¢m0 s83¢r0%30,35505 (Helicase dependant amplification (HDA))

HDA s6&0UL 6993a0g0bols 855399006 5330530353008 0Bmmg®dmwo dgomoo. HAD-
ol M0 3M06:303L HoMTMoqbl b 39035930l Mfyz9@0 Imddggds S9bmBOb
&0 gmbixgs@ol (adenosine tri phosphate (ATP)) 05bsmdolsl (61). 3garozabs sb3ow 39390l
©b63-0l 3 gJLL o %53F3056 LsoBby bT-9ds in vitro s33¢P0x0Is300LMZOL (2).
3963939390 x93390L 3 dmermdo 9353006090  §obsbffo®  FgMbgmero
56000009300l 3650990900, ®mM039 XoF3L  Mmomm. ©bB3 3mE0dgMsbs  Sb9bL
3650996M900L 9embys30sl O MO0 3o X9F30560 LsdoBby BT-B 300gdm HEI-ob MG
©3egdlL. 3OMEglo IgmEmEYds s 300900 9JudmbgbzoM® Mgodiosl 3H9a3gMsd Mol
330 gdol 356M9dg, Mmame 3 6563969000 LMoo 7-Bg. Igmm©o Bodwoegdsl 35deg3l
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o~  HDA g
3 3 . *-V,I‘v ! ! R g

<
Q

SSB Helicase Polymerase

bmGsomo 7. 3geozs®s  ©sdm30©gdmwo  533ewoxolzsgool  (Helicase dependant
amplification (HDA)) 36m3glo. bsdoxo 1: 3gemw035%s 563539390l ©bd-ob
©713¢gduls; bsdoxo 2: 30509900 13538000090 (35¢ X9F3056 ©OT-U; bsdox o
3: ©b3 3mgrodgMsHbsl oM 3650d9MOL Jermbys30s; ghmo 3mgdloliash
90300900 mM0 0©IbEGHMM0 ©M3EgJuo; bsdoxo 4: 3030l bgwsbswo
3960906905, 000MmgMmo domgdmemo E3ergdlolbmgob.

930035300L (30300l 9bbMOE0gWwgdSL  IMOZ5XRIMOEO  obgmMgdom,  FMdog
39939053 MM5Dg, 09MHIMWo (303900l TBHJI0MO bgwliohiymgdol as6gdg (14). HDA
095d300L 8909290 9GO 533¢03Mmbgdol  @9BHgJEos  Fglodergdgwros  ygerols
99JdGHOMBMOGHOL, Mo EOHMTo 330603900l s ELISA dgmm@gdom (20). Mgodiool
9o0owwo  LboBdotg HAD-ol 8093500 930653 gMOLbmdss  (32). HDA  9goml  5J3lb
230053 gbmdgo0 Lbbgs dlgogl 990MEYdmsb Fgsdmgdom. Ggodzool Ldgds sGOL dgrosb
35MG030  ©d  M95J300L  ibLHYolosbzg  3MMm3glo  bmOEogwEgds  9©dog
A99396M5¢MM5Bg. O3 gLodgdgwl beol dob gsdmygbgdsl JoMGH030 0sAbmLE03MMO
Lob39dgddo (21).
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2.2.8. 356309985000 593qm0R035600L dgorxmeo (Ramification amplification method (RAM))

RAM 560l 30093 9O®0 0bmmgmdmwo dgomo  bm3wgobols 8553990l
5330R035300LmM30L. 5330580353008 MML, 36M5099MHOL  ORMAGEGOOLS S XoF30L
Bobo33egdoll  Mgod3o0l  999po®  30IONMMdm  IMOZ9RIOO© 2963 M9dgoL
(Ramification), dgoomol Lobgeo RAM 549096 9mdobs®gmdls (70). dgommoo 0ggbgdl
139305303796 §OHO0ME LsJobbgl (C-probe), HMIgdog 3’ s 5 dMWMYdO GOHMNT6)PBsS
3939380609000 1530BEYLMSD 30dHOEODBH300L FHOM. MO 36508 dcrMl 9HPTb)Sb
515393806090 OE 9dM0Ygbgds T4 b3 0sBs, 999 300900 [Homs 936w
©b63-b. 3650990930l 35300090 (fobs (forward) s 3w (reverse) 30M50396M900) 999,
®29 ©b3-3m0dgcMsbs  ©oMdgrgdls fobs 360039l  C-probe-ols golH3e0L.  xoF30L

Capture ¢

Target
o.o.o "\’\‘\‘l\ \'\“\‘\‘\
Lysis/Target capture .
e P C-probe
.

probe ° ¥
d
O .
Sl O,

RAM reaction

EcoR 1 Gel

O

> digestion electrophoresis

L5000 8. 563¢MgdsO 593¢053035300l dgommeol (Ramification amplification method
(RAM)) L9060 g50mlisbryemgds.
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Bob533¢gd0L 8999 8000qds §OHomM ©bd-bBg d0dogMgdmwo fobs 3Ms0dgmo s ©bd
30dgmsbs 396m09Y393 oz sbgbl Aol Mg3e035305L. ©BT-ol sbers d9ddboer 3900
%9330 §omdMoagbl LsAoBEYL 399 36M5089M9gdOLMZ0L, HMIWIdOE ©93530060Yd06 L.
b3 3m0dgmsbs Joge 36(150d9MHOL IMIJgdoLs s XoF30L Bsbs33egdol 3Bm3gLol
0909250 3090WMd” IM9350R IO 3563EHMJ09d0LYsb F9das6 ©bT-0l 3mB3gLl.
36Mm39L0  gMdggds LB Yz (39X 9F3060 ©BI-0 56 obgds HI-EM3wgdLo.
RAM 560 9du3mbabiomMo Ggodios (bwye. 8). 29 ©bd-3me0dgMoBs godmo®bggzs dowswo
3909205600 @5 583¢00x035300L F99a0 F0oHg3s IbEMmgdom 1 bssmdo, 35 °C
A9939605GHMM5Bg (4). RAM 9900m@©0 5608 0Dmmgmdmwo ©s 5330x0353008 9909350
9009090 3OMEMIGHO 3w GH0IYOME0s, 933W0gB03s300L  gobdsgemdsdo X Ggol
InORMWMP0OH0 JobILOSMYIWGO0 56 033D, B3 gLodegdgwl bolb 3 dgommeol
3990ygqbqdsls in situ 583¢0xg03s30500 (30). RAM-U 5d3b 8609369cm3s60 m30Gs@qlcmdgdo
5930033035300l Bbgs 3900m©gdmsb dgsMgdom: (i) 36M50d9MHgd0 S30ws© 9ddosb ©ba
300d96M5bsol Joge Bsbo3gwgde ©bd-ob 3o x933l, 9999 3OMEgL0 J0dEObsMYMdL
0DMMYIOHIMWS® O 9300056 3030w GdM MMM (303¢g0lL; (i) 36M5009MHgd0 Lsdobby
©b63-0b 5330x03E0MYOL 56535600 9539dEGIOMDO® SBEYBL, MOl F9OIRSPI3 3JILO
53w dbM0g0  Fgbodegdemdgdo  od3b PCR-msb  dgs@gdoom (70); (iii) ULsdobbol
dobgs390 (b3 56 MBAI) FglodwgdgEos iBowwo bd-ob Fo@dmddbs, sd Igommeol

399mygbgds Igbodegdgeros, MMy bd-ob, sbg3g MBI-ob gEgjgoobomgol (30).
dobo 3o6HBH030 ©d 0DBMMYMIMNEOo 533¢0R035300L d9d560BT0b 29dmIobstrg, dobo
399mygbgds  dglodegdgeos  3e0bolzME  EdMOSGHMEO09dd0  Lbgoolbgs 0bxggdszomco
53963900 5©dmlsbgboco (69).
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2.2.9. 335006293¢795b 3655009(59¢m0 583¢m0%03530s (Quadruplex priming amplification (QPA))

65096039 ferol Hob dgoddbs ©b3d-ol 3353 gdugdHy oxMAbgdmwo, sbsEO,
0bMmmMgOHIMwo  dgomo  ©bd-ob  Loabseol  AsdeogMmgdolsmgol  (37).  ©ba-
33906019394Lgdo 339 50 HawBg 9B 09, M3 ©IMBObYL (19) s 33we3 BoOPM© dools
33093900 35000 OMEool dgbfagarsbg ©bd-ol 53¢edgcmgddo (6, 33, 51, 57) s 2960l
9Ju36MgLosdo (40, 41, 52, 56). 51939 3500 3MEHI53E0MO F50MmYxbgdsBY doMBH]brmErMma0gddo.

©63-0l Im3wg, 396060 0 Msb30I3OMBYIL 5d30 MbIGIO Fo6TMJdbsb G-
3390393900, 339500M3gdugdo (33, 37). mob gmobobo  M353806H90s  9OHTBYL
33L30boL HysedsMemo d3gdom s 894dbsb ghHo LodGmEYgdo B dIcY MmmMbIMMbmgzsbo
LAHOMIEHNOL - G-G9gG®OL, POMMIMNE  GHYBHMODY dnEoL 8 [yswdsmemo ddo.
99D G-39gBHeogdl dmMob 5o 593L dwogmo BEGHY306y MYOMOYHNIIGEIOSU.
33906039 dbol  BMOToMGdS  LoFoOMGOL  ommbol  35mombadl,  HMIWwgdo;
9539805 BHYGH®OIOL  FmMob.  3350M3wgdio  Ggodergds  0yml,  OHMYMO3
0690wz ©o,  sL3)  0BGHMNIMIINW OO 33B3PIVB>  3350OY3Jugdo,

OHMAMOF 3505 M0, SB939 9BE035MgEMEO X 03390000 (0dwolbdgds xsF30l 5-3’
G-Quadruplex

Monomer Dimer Tetramer
Antiparallel Parallel Mixed Antiparallel Parallel Mixed Parallel
110 1 10 1 " 1
s -Q*.ﬂ T (2 o 02 (de a0, Axs {D,.fu
I':' ¥ l:‘\-': I'-':".'l'-' = =
&y % YU LMY U
P
@ 2 @‘w%%@ @@W @%@
Sequences dlAG,(T.AG,] "'GTG'JGT AIG, TALG.T]  OAGTAG)  dTAGLT.) diG,TALGT]  dET.CAG] dET,0C) (UAGUAG,U| duG'G‘T-AG]T] d[T,G,T)
Metal ions Na* K K K* K K Na* K K K K*

PDBID 143D 148D 2KF7 1KF1 2JPZ 2KF8 1F38 1JPQ 2KBP 2AQY 139D

L300 9. Lbgsalibgs 893:009bemdoLs s LEGMYIE MGl ddmbg 3350Mw3emgdlgdo.
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90956090 gds) (e, 9).

oM 39MH0omEdo  LBHOIxs©0 0BOEIds 0bFIMLo 33903 gdlgdol  JodsOrm,
5096 36MHM30905 3053500 8330390 g0s dom dbod3zb9wm3569L MM B Lbgoolbgs
00MmWMA0NO 3MM39L9dT0. 5@F0s6oL 496mddo 0wYbEHOBOEFOMIOIE0s SBMOdO® sMILO
33950639 Juol 56808 Y3MMds  (Fmsbobgdom oMo bgadgb@o, GMIgELsg 3L
wBs®0o 89ddbsl  33950063c0gdLo). 335003 gJugdo IMHZEoS ©BT-0L  FHgErMmIgH Y
w069ddo, F9QOOMOQE, 5sd0sbol  ©BT-0b  BYEmIgPrEo  BT0TYZOMBdS SO
d(TTAGGG) Lgd963 ol ssbemgdom 2500 gobdgmgds. ¢gurmdgdHIeo 3350MM3¢gdlgdo
393wgbsll  5bgbgb 9bB0d  BHgwmPgMHOBIL  5dBH03MdYY, MMIgwoyz ™og0l  IBGO3
35Lbolidagdge0s GHYermdgmol Bmdol 3mbGHMmmby. 85% 35639MMygbmEo 5350090
UhmOg  50bodbe  3OMEgLmbsy  ©9393d06Mgd o,  sY3)  OEOos  0bEgeglio

0 H,N =N ?
4 NH N ﬁy N= J—N
< | //’L !’II\N ) N/) H %‘H -0 b
H

(2AP) 2-aminopurine * thymine

Guanine Adenine <
HyC P—
G
= HO O%ﬂ I =t )
& 5 -GGG ( 2AP) GGGTGGGTGGG-3" 1=, =L ;}—u\
- FLUORESCENCE IS QUENCHED ﬁy z—n w0
- ll.‘ |-|
\
e (6-MI) 6-methyl isoxanthopterin *cytosine
FAN. — o
T T . _.CH
- X,
":':hh' '\:‘;'L‘ MH;
4]

3MI  (QY=0.88; Ex348, Em431) i |
6MI  (QY=0.70; Ex340, Em430) >
2AP (QY=0.68; Ex310, Em370) P
(3-MI) 3-methyl isoxanthopterin

bmeosomo 10. gaomégliggbgomo dmergzmengdo: 2AP, 6MI s 3MI. 2AP {5G3mgdbols
3mBALMb-300306  §Mdgos  fyz0l  ©0d0Eobmsb. 6MI  ®wdgms  fiyzowl
$o63nddbols go@mBobmsb. 3MI gwdgms §gg30eml 396 Fs®dmJdbols.
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36539 dgOHwo 3350603egdugdols odsGmm. 3350O3wgdugdo Bsdmgzbo odbs ©H3-ol
3335996M903d0. 9360939, dMm OML Ly MaOHM s MBOM bsmgwo bgds, ™I
33900013 gdbo 3609369 Mm356 MMl SLEOWMEWIdL 29608 gJL3MgLoOL Mgy MEoMgdsTo.
50dmBgboos, Mmd Moz 4gbl  3OHMIMGHMOME  Mdsbdo 543l 33903 gdlols
560000093005, MHMIgELsg 99deos 493¢9gbs 0gmboml 49bols sdEHogs30sBg (8godwgds
9mobobmL, MMmamOE  dobo  5dBH035305, 939 WISIH039(309).  FIRIOMI©, VY
3OMAnGHMOM  OGgaombdo  dmbs  339500O3wgJuol  BMOT0MYDS, IV IYOS
A®obL3M03300L 3OHMEgbo s 85Tolosdy, mbEgds gbol sMEMRMB3s. To®sd, mvy
3390003wgdbo  8904dbs  ©B3-0L Mo 3MmEOMGdg  xoF3do, b byl FgMFymdl
053M0M9090 ¥5330 04mb ©0s dEPMIsMHGMdST0, Mog Mo30L TBEOOZ 2555030l
d9Lsdsdolo g9gbol 9Judcmgliosl.

5MLYIMOL  BWMOHGL30MGOSO B3 gmEoEgdo (dsy.: 2-aminopurine (2AP), 6-

C

5'
*"CCCACCCGCCC

Polymerase
extension.

| o= e e
*"CCCACCCGCCC

Quadruplexing:

l 3IMI emission:

4 Next priming.

HO » N NH, _ p g
/U‘\_

5

*"CCCACCCGCCC

UyMsmo 11. (A) 3sMsegurry®o G3T 3350Mv3egdbol Ldgdodm®mo 3sdmbsbryegds. (B)
3MI-ob Jodom®o LEOMIGHMs. (C) HOx030 QPA Ggodsool Lggdodm®o
290mlbsbyegds.
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methylisoxanthopterin (6MI) o 3-methylisoxanthopterin (3MI)) (bw®. 10). 2AP s6ob
5Q9b0bol 9B M0, 50aBBYdOLY s AOTMUBB0OZ]dOL BHoemol LogMdggdood 310 nm s 370
nm (3, 43). 6MI ©s 3MI (om0 g696 296060l sBsEMqdL, Jqlisdsdolo s0aBbgdols s
399mUb0oggdol Gowmol bogy®mdggdoom (6MI - 340 nm s 430 nm; 3MI - 348 nm s 431 nm.)
(5). ) BWNOHIL39bE0ME0 630 gMmEH0©Yd0 FoMmdmygbowos ©bT-ob Jombiv® xs33d0
obobo 3969396 BMOILEIBEOOL MBIOL, oD bgds Fsmo  Loabools Bsbdmds
99BMd9wo 693w gmEGH0gd0lL J0gH. Loabswo BsHIMds 3093 MBOM dE0gMs© bgds, v
339936 ©b3-0l MMTs0 BL30MHEO. Fs00 Q9FMYghgds 3350MM3E9JLL b0 SO M30LYdL
LAghL. ™30 FLYOILEOMYPEIE 63 INAHORL B335390900 3350O3wgdbdo gzl
3H0(30530, 080 EOE 3Gl 96 0gdmbogdl 3350M3gJlol BMMOToMYdoL bseby.
bawm, gn6doOgdNo 339007)3wgdbo 3353wl 39BOEO BEYMILEIBEOYE Logbswl
(37). G553 3390039 JLoL ROJLOMGOOL JoMEH0Z Lodw)oEgdsls FoMTMoYIbU.
339000139 Jbol MogolvGswo 9bgeyos G90dgds godmyggbgd e 0dbsl, Gmame;
050md653909o  doems  Lbgoolbgs  Lolvyeggwo  gbgdmambamo  3Mm3gLgdol
Potlodsmmo. Mol Logmdzgwbgg 890w9dszs §OR030 3350OV3gdl  36M1500gMME0
503w0x035300L (Quadruplex priming amplification (QPA)) ©gsdgos (37). QPA 6gsjzool
3003500  359mdM539090  dogrsl  Po®mBmoagb GGGTGGGTGGGTGGG  (G3T)
0560080930™Md0L MbsMo Fo@dmgdbsl dmbmdmengznmmMo 335Mm3cgdbo (bwye. 11 A),
WRO®  Jo0oo  M9MHINwo  BEBOWNOHMIOm, 3000609 Fqlsdsdolbo  BmzwgmEHomeo
56000009360md0L  ©3wgduo.  QPA  3Ms0dgeo, GmIgoi  FoMdmoppqbl  G3T
05600000930M358 dmemTo BsdmE0wgdmwo 4vsbobom, 396 0393900 3350MY3gJLo.
32796060 Bsdm30egds 300303290 335003 gJlol BMMIoMmYOOLMZ0L. Lofigol 9@o3by,
361500960 1935300600905 Bodobbg HT-0b 3Gr50TgHOL dJOL »dsbl (primer binding site (PBS)),
9 mbas30ol 89809, O®MEgLLE 3E0dgMsDs 3M50xML 0oL 3w9560bL, ol MsgzoLmszs®
13mOI0MEI0S 3390039 Jlo@.  3350M3WgJud  BMOT0MYOOL TJOIROE  3M0TIOHO
05300035, 0BMMIOTMMO, (30¢0EJ0S LsFobbg ©BI-U s BMs30LBgdl PBS-U
39000930 3M5009MHobmgol  (bye. 11 C). sds3OMMws©, QPA 36M5039600L  ymegol

3mBoE0sdo  Bs3ghgdmmo  Bucglo®gdeoo  Bm3wgm@Goo 33506MM3wgduol
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3mOI0MGIOLIL 23993l BEMOIL30609ds©  Logbowl. Mog  93303mbgdol  mM3zwol
950@030 @S 989JEHMO0 1YFMOEYOSS, TdBHIOOMO T3 Igdol qo09dg (37, 23, 59).
339001939Jbol MmM0 60350 MG M30L900m, (i) B39 ME FoMHEO BEBIBOW MM S
(i) <9b03semMo Tobogsbo RwMELEI6aos, G3T 56808@Y3MMds  JOHNEOMS©
36500960035 @S  IM3EWgXo  IWYINsE.  Md3 98 890mOL  M30M5BHGLMDSS.

OILEOIMO00  HOLYIMWO  5TIWOROZS300L  FJPMPII0  ©IAHIJJ300LM30L  0949b9gd9gb
535390000 M3 qdL, MOMIWwgdo3 Mbs 993938060 BY6  533e03MbYdL, o3
SO0 M9godaosl.  §Ogozo  QPA 695300 339 0999905390905 oo
A9939605GH MO dmoegdo (23, 59) s 339 06FIaM0MgdME0s  ©OsRbMLEG03MOmO
B53995¢090530, 99HBOMOME0 MYLMOLOL 356015993HMYOOL AsdMmYgbgdom (1). 39Mdm, §OHR030
QPA 959mygbgdme 0dbs, mRNA-0b ©5m@gbmdol golslsb®3g®egs0, dsabo@we 9dogqdby
©553dbgdeo dgomdo (1). gb 999990 3boymaxl, Mmd 53 0bEHYRMOMmYdE JoymIsls
543b  3m@gbgoso, MmamOmE3  dsOHGH030 ©s  989JGMOMo mMRNA  30m83s63969d0L
0909905390530. §Ox303 QPA 6H95J300l 990m©om dqledwrgdgeos @ssbermgdoo 20 pM
L580Bby bI-0ol 9BEH9daos (1, 22).

00mMgM 53 JgomEL 593L, OHMYMEOE Mog0Lo  603oEMMo  AsBTSLbZ939d9w0
030L909%0, 51939 LoghHmm ™M30L9ds3 (15). Bgdmm sEHgMow 0bBMMIMIME TgmmEydl
5943 L5300 JgBOM3900 S Jomo 39dsb0BAgd0 FgEsMgd0m 33 gJuIMH0s, 1YdEs
obobo 530w FLMMEGISOS S 9J300 39MR0 FAOABMDOYEPMDS. BJI)MHO OMOL
0533063900l 3945600900, 3500 BsOMM 45dMygqbgdol Lodsegdsls 0derggs. Lydmdsgeme,
50 89009006 BMY0gHmMTs Fgbodargdgeros 33m3ml 0lgM03g BsGOM  4odmygbgds,
MmamO3 593b PCR-U.
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2.3. 3900M©OMENMY0d

2.3.1. 29¢r5®500bg96G0-bogregemo b395dGHmli3m30s

Lobsog Fo6HIMoA9bL 9e9d@BOMIR60GHMO BHowr®sl, HMIgeoa HoMmdmwaqbowos

MOHN0JON3IO39D03MWsmH  LodMGHYJ)ddo TgObg3  9gwgdBHOwo s  Bspbo@we
399000, MHMIgdoE 0530l 293039900l ABIBY 033D ™83056m 8B0T3bgE MBS

LobMLOL/3MBObMLOL  39Bmbom. Lobsmegl  sbosllosmgdl  3MMSMBIMEISOWYE-ESE VMO
©95¢0Hdo. ol gobobowgds, OHMYMOE BMGHMEMMo dmbgdol  Bofowrszgdol bs3so,
OMAglsg 3o9bb0s, GMmO3 9bgMa0s, 1939 FMmIMIMBOL dsbyE. JargdGHO™Asabo@wmeo
A9 0ob, 56 BmEMmbol 96gMHRO00l EILIMZWGWSE FoM0Y)bgds MG MS:

E=hv (1)

boo@g £ - 35630l 399080300 (A =6.625-1034 %+(3), v — Gowrmol bobdoGy.

9 93Moll 9999dos  Gosbomdmlb  dobbg o380 39M3IZIMIO  BHOEIPOL
LobdoMol  Lobsmwyg.  MEEGHMI00LRIMO-bow o  ASTMUBbOZgds  FoMTMo9bl  dmgwro
99dBHO™IsboGemo L3gdGMob dzomg bofoel (~10 - 800 nm). Imerg3meEsl GGG
3o9Bb0s  Mbs®mo bogrmwo 96 MEGHMo0olBIMo LBobsomrg Fmsbmdmlb s googz0gL
9696029303Mwo  Fo0o,  saHbgder  dyMIs®mgmdsdo  JOmdmazmmo  gfimgds.
0000099 JOMINGMOME XeMBL 5J36 Jobm30l sBsbslosmYdgEo Jsbmddol bdgd@G&o.
3b®0o 1-8o 3my35600s 30309900 JOHMINBMMHGO0 @S om0 Fobsllosmgdrgdo. Lobsmerols
d0564a0lsls  dmerg3meol  gbgdaos 0BMHYds  doMomo  969MgBH03MNE  M™bglmsb
39056M9%0m. gl 9YMToMHGMBS IME9399oLMZOL SMIBEHIVOWIMHOS S 0P0 “YOMHIBYdS
Lofgol doM0MI© 969039303 BEYMTIMYIMOSL.

9 93Mmsdo  9w9dBH®mbol  8ymds®gmdols dobggzom sMBg396 3 doMHomswo
G030l MMBOGHOWIdL: T, T s N MOBOEIWGd0. JOMOMI© IEYMI>MGMdSTo T, T S n
MmOB0E9Gd0 50056 93900, 35F0b HMEILSE T *s T *MOIOEHIWJOO M9Z30LYIBIC0S.
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Chromophore Example Solvent Amax (NM) £ Type of
transition
Alkene (:'6H13H(:.':(_'.'H2 n-Heptane 177 13,000 e
Alkyne n-Heptane 178 10,000 >
CsH4;C=C-CH; 196 2,000 _
225 160
Carbonyl 0 n-Hexane 186 1,000 n->gc*
|| 280 16 n>
CH5;CCH;
? n-Hexane 180 Large
O x
i 293 12 n ')"*
CH,CH et
Carboxyl O Ethanol 204 41 n->x*
|
CH;COH
Amido O Water 214 60 n->m*
|
CH;CNH,
Azo g . Ethanol 339 6 n->x*
H;CN=NCH; T
Nitro CH3N02 Isooctane 280 22 n=>ma*
Nitroso C,HNO Ethyl ether 300 100 i
665 20 n>w*
Nitrate CZH‘,,ONO2 Dioxane 270 12 n->n*

3gbMowo 1. Ho3om®o JHmingmmgdo s dsmo dsbslinsmgdegdo.

0 ©5 T 3030l mOMmdOGgd0 d90dgds 0gml, MMM 3 ©35353806909w0 T O T,
31939 96053535300609d9w0 0" s 1. LObIMWOL FMIBMJIoLSL sEPOWO 593l o s T
MmOd0G9w930©b 9gd@H®Mbgdol goolgwsl * s T MOMmBOGIWGdDBY. LMoo 12-Bg
653969005 9egdBHM™Mbgdol gosligerol 3960s6@E900.

dm9g3mol 8096 LobsmErol FmbmMJdol MomEIbMdMOZ35 SMHIOL sddYME)-
09MobL 396mbo:

I=1p107%  (2)

LSS, £ 96M0L 309139306 oMby Lobsmerols 06EH9bLogMds; L 39w Lobsmerols
06®9bbogmds; € — F0bmddol  3mgx03096G¢ 0, MHMIGELsg Lb3bs0Ms©  Fmsbmgdol
99bG0bEool  3m09x80E0g0EAL  9dsbosh; d  309939GOL  Logsbgs; ¢ Loggargzo  BLbsGOL
3Mb39bBH®s300.
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* . .
I I I J anti-bonding)

J[*I:-Elr'lti—tll:lr'ldiﬂg:l

i * A
. =
> N =T #
E T T L glg
% n (non-bonding)
LU Gl
m [honding)
g (bonding)

L5000 12. gengdHHembuyeo gsslizerol 3oMmosb@gdo.

M GHOO00LBIOH s bowr  5G99d80  B39JAHOMBMEGHMIYGHO00L  godmygbgds
0539450909005 6030009930l F0ge 9egdBHO™MIogbod e 459mlbogzgdols 3;sbmddslomsb.

3303900 J0sbmddol  1B3gdGHO™UBgMm30s  HoMTIMoEAIBL  doMIMEH3MgdOL
365¢00Bols dgoml. 1533193 B03W09MGBsBY (3990 s 603W0YMGO0WD AoTMBMEo
Lobsoeol  06EH9bLlogmdgdol  Fgotmgdom, Fgagz0dwros 300 gErmom  dglslifogwro
6030009609008 M30L9390Dg. ™) FME93MWs FMIBMJo3L  LOBsMEEOL  BHosl, ds8ob
d05bmddmmo gbgeyool LoEool s bsbosmol dobgzom Jgbodwrgdgeros 308LxRJEOMD
50 dmen93eol 13090930l dglobgd. m3E0329M0 dmsbmgdol B3gdEHMmlzm3ool dgmm@om
d9L5dWgdYE05 O35A0bM™ BOMIMWG3gdl FMEOOL 333 gJLgdol SMBYdIMDdS s SBY39
3963L5BO3OM om0 3mb396EGS309.
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2.3.2. #9e¢m5500bg90-bogrenamo 399G 60

39939653 )M5-5dM300090ME0 ) GHMI00LRYOH-bogrmo  13gdGHOMIYBHMO  SMOL
dmbobgmbgdgmo  bgebsfym  ©b3-ol  IgmMgmwo  BEGHOMIGHMOOL  Tglobfogwsc.
MEGM50088gO0-bomo B3gd@MmML3M300l Fgmm@om dglodergdgeos A9BOLIBOZO®U
063t gmEGH0©MMH0  ®s6300g3mdgdol  3mb3gbG®s30s.  dbg3g 98 dgomeol
399mygbgds  dqLodergdgeros 33903 gJLgdol  @E3MdOL  dgLsbfagers.  ©b3d-ol
©9394bol 20Tl 06 sbePogl Fmsbmddol asBeM©s 260 nm-by. 335OHY3wgJugdo
bobosmYd0sb  BT-0bsh  oblbgszgd Mo M3BH03MMHO  ™M30L9dgdom  (Amsbmdsz9b
Lobosomgl 300 nm EoerEol LogMdgby), M3 5000 ROJLOMYGdOL LsdwYsEgdSL 0deg3s
B3LMEOBd30E0 1B39dEHMHML3M300L FJPOMPO.

33093900 Bo@oM©s bgwlsfymgdbg: UV-Vis Speqtrophotometer (Cary 100 UV-Vis)
(d0mx0Ho3ol  0bLEOGHWMGO,  owosl  Lsbgwdfogzm  mbogg@Lo@gdo);  Varian
Speqtrophotometer (Cary Eclipse) (Jodools @5 d0mdodool ©93s0@s99bG0, ®3soml
Lobgendfoxnm mbogzgdbodg@o, 533).

2.3.3. U39905®maxero3650099¢05

RBOHgL3963E0Mo G900MmEYdo 45dM0MmBg3s FoLowro FMdbmdOIOMdOm, M3 500
RBOOM  259mggbgdol  Lodoegdsl 0dwrgzs. 30Wgdol bmzwgobols 8553900l s Lbgs
00M3ME0dxMHgdol e Mgligbiool gbfoges a3sdegal 360d369eM356 dmboigdgdl doom
3068353090 456M0ddbsLS S FoMsJIbOL E0bsT035DY.

REOILE0MJOoL  3OMmEgbo  Bdgdo@MMo  BoMGH035  dg0degds  2sdmgLobmo
058 MbL3OL OsAMTol d9dgzgmdoo (L. 13).

So, S1 @5 S2 Mbggdl (Lme. 13) Lobawgdweo ©m™bggdo 9hmgds. dson TmEol
39530l EOHML 9egdOEGOMBOL L3obo 56 033wYds.
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F --
S S é Absorption 10-'5 seconds
:‘ 1 I Vibrational Relaxation and Internal Conversion 10 '2seconds
' s Fluorescence 10 seconds
v [ A 0 Phosphorescence >|0? seconds
[ ] M 1
S+ttt g Si %
- T 1 ¥ T
po| AfnlLnt ) T ]
= ¥lvly ‘l'"r“n : | Y, |
L ! ;
- T 0
A : - L
So i So : — 3 . = 3
2 i Sa H 3
| ey | Y |
L [] i T (] -
0 YW ¥wvv Yy ¥ ¥V ,

Lm0 13. 050¢mblizols osy™sds.

RBOHgb3963E0s Homdmaabl godmbboggdsl, Gmdgoi msb Lggl St sgHbgdero

©Mbosb  9wgdBH®Mbol  oslgEsl  So doMoms  EMbyBy.  BEMOgL3gbgomw
399mbboggds bgds Lobsmeol dmsbmgdosb 10°-108 §d-ol 9dgy. ol BsGoOMm©
29909496905 d0MEMA0M5© 936033690 Mm3569L0 Bmerg3mEgdol GgLobifsgzers.
BOHgL3963E0s BoLOsMYOS FbMJTols @S AoTMUBBOZYIBOL FHowrmol LogMdggdoo.
399mbboggdmo  Lobsmwol  Goweol LbogMdg gmzgwwmgol  bs3egdos  dmsbogdwmen
LObsMWYLMSD FgIMGdOm. MO3 299M{390IW0s BWNYOHMABMOOL LGSR0 Mgodlsgoom Si
LobaWIBHOHO PMBOL J390s HHg30m MbYHY, OHMAGEUsE 56 SHEWH3L ASTMUBbOZgds (iternal

conversion).

2.3.4. garr65089(500.

REOHILEOMYOSO 139JGHOMBZM300L 9900 MEOm 99L5dE9dgE0
RBOHJLE0M05©0 6m3wgmEH0IdoL IR0JLOMGds (2-aminopurine (2AP) Ex310, Em370;
6-methylisoxanthopterin (6MI) Ex340, Em430; s 3-methylisoxanthopterin (3MI) Ex348,
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Em431), Gog Bodwmomgdsl g35deg3l Ggomey® Mmdo 353306090 QPA 69od3ost. sgag
5060360 Igom©Oo BsdMsEgdsL g35deg3s F930LFo3erMo 3353 gJLol O M3MBOLS
Q5 9oLo 3ME0dYMHIBMO 2590l Bgod30900.

33193990 BoGotms bgwbofiymgdbg: ESEQuant Tube Scanner (Qiagen) (d00mg0%bozol
0bLEGHOEMAHO, 00l Lobgedfogm MboggdLo@g@o); Microplate reader FluoDia T70 (Photon
Technology International) s ESEQuant Tube Scanner (Qiagen) (Jodools s domdodool
93503599630, m3s0mUb Labgwdfoxnm MbogzgdLo@g@o, 53d).
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2.3.5. 33em930b 36590905

©b3 3mgodgMsbgdo s @B LyPBLGMs®gdo. y3zgws ©bBI  3m0dgheBs o
©9bMJLoM0dMbM3mgmGH0OL GMmogmlgs@o (dANTPs) dggodobgo New England BioLabs
(NEB)-096.  m@o0ambm3wmgm@oom®o  0sbdodgzdmdgdo  ©s  2AP-Bs39690w0
56000009360M0900 9930dobgo Integrated DNA Technologies (IDT)-qob. 3MI-Bs3969dwo
3650096900 d930d0bgon Fidelity Systems-qsb. 06 3egmEH0EMMHO
056809¢0093MMd900L 3mb39bEMS30900L goblsBPZMOLM3Z0L, gogBmdgo UV dmsbomdds 260
nm ool Loa®d)Hg. Yzgws 9Jdu3gM0dgbEHT0 godm3zoygbgm 99dgao dMx3geo: 50 mM
9mbm3z5wab@GHwemo Jsmombo (K+ s Cs*), 2 mM MgCl2, 10 mM Tris-HCl, pH 8.7. moommgme»
993960396330 0mbgxdOL 3MbEIBEM30900 653969005 Tglisdsdol Mmsx30390DY.

BwOgbegbonwo 3ebmdzgdo. 3w OILEIbeonwo br3wgmdoEdol (2AP (domo.
310 nm, @o0. 370 nm), 6MI (dos. 340 nm, 350. 430 nm) s 3MI (dos. 348 nm, god. 431 nm))
239HM33990Lm30L  2sdm3z094gbgm  Lbgoslbgs  Lobol  gwwGMBMEHM™MIgEHG9do  Varian
spectrophotometer (Cary Eclipse), Microplate reader FluoDia T70 (Photon Technology
International) s ESEQuant Tube Scanner (Qiagen). {63030 QPA, 335060993gdlols cremds
@ 3350603egdbol  oblboli/dgbyMgzol  9du3gem0dgb@gdo  Bs3sGIMge  335ME0L
30993939000, 1399 GHOMBMEHMIYGHO00. 99b3mbgbzos GO QPA-695J300Lm30L
399m30ygbgo  d03OMB0OR0GHJd0 (microplates) s 0,2 mL-o0sb6o PCR-ob Lobyxs®gdo,
29Bmdz900Lm30L odmz094qbgo Plate Reader oo Tube Scanner.

FOx030 QPA 695J300L Bods®gdol 306:mdgd0 (3MMmEM3mmo). §H5030 QPA godsos
B3939Mg 999090 3060HMdgdom: 1 uM QPA 360503960, 1 nM bsdobbg ©bd, 800 pM ANTP
5 0.05 U/pl Taq, 0x3960: 2 mM MgClz, 25 mM CsCl, 25 mM KCl, 10 mM Tris-HCI, pH 8.7.
0954305 BoGots  339630L  30393H90d0. 3093930  LyMYodgom bBotgzom, dmzmGogom
3m0G9Jubg 2-3 (odol  4963s3ermdsdo O FMZoMIzLYM  BEMOHMIGBH®T0,  MgoJ3go0ol
39939053 M5Dg 5 Mo M OHMTo hs30(gMgm 2AP-0l garmqligbios. QPA Hgsjzool
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LoRMMYGO0  gobolsDEg®ms  Lbgosolbbgs  3H9d39Mo@esby  BfigMowo 3069303960
9610900L obMJO0Ib.

33500m3emgdbol gsblbol  gJu3gModgbBgdo.  335M3agdbol  asblbol
9939608963 gd0lbmz0l 1 pM 335063 gdlosbo LsdoBby B, 1.1 uM 3Ms0dgcmo s 800
pM dNTP 0329906900 ogm 3099393 9000,100 pl dmEmemdol LsGgsdgom bsGggo, 2-5
Dol 9o63530mdsdo,  BwOMIgBH®do,  Fobsbfio®  JgMbgmer  ($9gd3gMoEEsDyY.
0639995300L 89909y 3585390om 5 U/pl 3:mb63306FH®s300l 1 pl ©bd 3meodg@msbsls o
©o9gm3b90o3  3BMBo30m  BWMEML3963E0sL.  LBogmbGHMmem  9du3gMmodgb@Hgddo
Lo®god30m 65693l 35953 gdom 1 pul dMxzgHol, B 30E0dgmsbsls bogzars.

9Judmbgbgom®o  QPA  Gg5Jsool  BoBsMgdol  30Mmdgdo  (3GMEHM3MOo).
9Ju3mbgbzomo QPA 6g5d3osl 35396Mgdom 100 pl dmEmemdol Labgsdsgom bstgzdo,
MHmdgo3 890y90MmEs 39539M0L, LsdoBby -0, QPA 3650396M0L, drm®mg 3Gr50d9MO0L
@5 ANTP-Ubs6. 306369@HM 9du396H0896(39080, MmomMmgo 3md3mbyb@ol 3mbzgb@®ssos
6583969005  Tglodsdol  gMo830398DY.  5300306039ws©  35bIbm  Loatgodzom  batrgzol
06399053056 ©959d300L  3H939Mo@EHEmsDg 1 ool 4963s3emdsdo. 063905300l 999
3505390 ©bBI 3m0dgMBIL s IMYMm3b69dw0g 3BMIsgm 3MI-U BwmOgbgbgomw
Loaboewls. Plate Reader-oom 99%Hm33990L5sL Lo6gogzom ba®gzol dmeg3s bwgdmos 3039¢0m
3065306 3030MBOOROEHIDY. bmgom, Tube Scanner-om gobmdz9d0LsL PCR-ob 0,2 mL-0s6
Lobx 5L 39M9300m 3OEJJuDY, 2-3 Hodol gobdsgermdsdo.
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2.4. 990093900

B396 89300853900, ©HI-0L LHGSR0 259693 gdol 0DMMYOHINWo s 9B39IEGHOO
99000, 9Ju3mbgbgowm®mo QPA Ggodi30s. gl ©95d3os BsFoMH™madl MG 3650d9ML: (i) QPA-
36500900 (G3T-ob §o33900wo0 3s630dEY3MMds, BEMBYLEOMGOs©O 530 gMmEHO0OM
gmxzol  3mbBoEosdo;  lomgwo  obsMo, Lbyd. 14 A), G™IGElLsg  oJ3b  bsto,
339006019394Lo BMOHI0MGdOL F93IY, 79300535 EOLMEFOMEIL BsdoBby H-U s (ii)
9.9 G929 36508960 (8)3569 obsMo, LyM. 14 A), 53 36G150FgOL M930LMO35 OLMEFOMYdOL
B0 56 5943L, I3 X9F3I0L Bsbs33¢gdol Mgsdi300L Fggas, QPA-3650996M0L ddol

A

Pathogen complement

Probe: T QPA primer: s 2" primer: w——s
B f—
" R X3
2 ,; Exponential amplification
- of QPA construct
(i) Initial QPA priming l / - g 0 owmEad Sl S
=== - K ‘> 5 T
5 K — :
? {viii) = (iv) T 5 l
(ii) Replication and l i . .
creating 2" PBS o= === ] b -
L 5 4/ \
""" {vii) = i) T T
(iii) Displacement l s ' & w ”
priming of QPA iﬁ 5 N / \ / X
P — ! 4 :v‘ 2
3 —— (vi) Quadruplex T a| - & . 12 &' L=
(iv) Strand-displacemenll g linvading replication ;5 J \ J \ J \¥
replication T 3 —

v o
(v) 2" priming = h 'ﬁ - h '» H » Ai » h ‘. d' ™ h »

T rra

Lm®soo 14. gdudmbgbgom®mo QPA-U Bmaswo Uggds. (A) LsdoBby I, GmIgeos 9gagds

Usdo 9dboligsh: 3sommygbols 3mB3E0dgbEstrmmo Mdsbo, dgmmy 3GS0dgMoL
056008093MMds s QPA3Mm0dgMols 8dol wdsbo. (B) gdudmbgbioserméo
QPA-U lsgg0s¢mco godmlssbogemagds.
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w060 4536530930l LTS dIL 0dEg3s.

05305300390s©  bgds QPA-360509960L  Lsdobbg ©@bd-msb 83> s dobo
093035300 (steps i, ii). 339500M3egdLol BMOToMmgdoL Jgd9y, 3M50dgM0L 3ol w9dsbL
353006905 890ga0  QPA-36M500960 (step iii) @5 3m0dgMeBol  F9dz9mdom
908@0bsMgmdl  xoF30L Bsbos33wgdol  Mgodgos (step iv). BobsEgwrgdmwo  s83wwozmbo
390393L 39mMg 36503900l 3oL dbL. dgmMg 3050d9MHOL dA0L (step V) S gEmbs300L
3909250 (step vi) 300900 LsFoBbg HI-L, MMBgeEols JgoEsgL 3G0TgMHOL dJoL Mdbols QPA-
36503900LmM30L. 335436 MO 36M5099M0 S MO0 3M50dgMHOL dIoL dsbo, 3ol T9dwgY
0959305 8080bsMGMBL 9Ju3MmbgbomMs (L. 14 B, Bstrx39bs boflowro).

33203900 Jgga F39b 9939dgboo QPA ®godos, HmBgrog ©b3-ob 989JGHYIO,
BPOsR s 0BMmmMgOHIME 5330x0353008 Bsdowgdsl a35dwg3L. B3gb 39B39bgm, G™d
0bMmgmHIMNo 9Judmbgbiomo QPA g5dzos ©bd-ob Logbswrol 100-xg6H 459653 gdol
1539 gdsL  335dg3l, @osbemgdom 40 {fmmdo. s0bodbmeo dgmmEol godmyggbgds
d9L5dgdo0s IM35¢ LobxsM0sbo (Multi Tube) ©@oogbmBEGH030LMZ0L. Losg Lsdobby
©b63-0b 250539bs Lodmdom dxn9mdo bgds 3s0mygbm@mo ©b3-ob dgdzgmdom, MHMmIgwos
90053690905 doabo@we 8do390by.

2.4.1. 36508959805 s bsdobby bd-ob d9mBggs gb3cbgbsorybo QPA (Bgsgpoolorzol.

99393&MO0 QPA-U 89sddbges LsFoMms Bgdmo sofigMowo Mgodaool (bvme. 14 B)
000MOWWo  BoxgbMHol Mm33H0d0BsE30s. B0bgsgs 0doby, Mmd Mgodsgool wdg@glo
bsfoo  dmombmgl  dbmwmo  9JudgmodgbGmeo  306MHMdYdOL  TgMBgzol (Do
A993965GH1MH0L 96 dRgMOL 3mb63M9G Mo I 3mE0dgMsBILEZOL), MmEo Loggbmdo (iii
o vi; bme. 14 B) LoFoMOHmgdl Mxdm Bl ©s gOmbow dg@bBglsl. Mgodsgool gl mGo
Lox39bYOO FoblsDBPZMI3L Job OBMMYHTINWHE O FWsBHMUYSL Mog30LMa3sen (Plateau-free)
9905mdsL. 30650006 B MBGL30090500 630 gMEH0IO0 5GHOL 3M50896M0L bafowo, Mboo
bl Jo00 MY30353053, MM sbs Ho®mBmJdboer 583¢03mbEYDY 43dmbrgl 36r50dgMHol
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0oL LEMEo MBSBO. BEIMEOGL30609ds©O 6493 gMEH0YdOL F0dsMm BT 3mE0dxMsBgdo
39bLbg30390M  5dBH0gMdsL 53egbgb (23, 59), o3 sLg3g LOYMMOIMIOMS 3650xMgdOL
d96Bg30LsL.

2.4.2. gemytgligotigds@o brergmdowgdol 8gmkags

BEOHJLE0M905©0  b6M3wgmEGH0MOO  5bsErmygdo 5300 93mboygbgdgwos
533w03mbgdol  Lomgwger  999s60Bdo. 9Ju3gMmodgbEgdolmzol  dg3s@Bogo  F9dwgao
RO E0M050 6993c0gmEGH0©gd0: 2-aminopurine (2AP) (doos. 310 nm, god. 370 nm); 6-
methylisoxanthopterin (6MI) (dos. 340 nm, ¢53. 430 nm); s> 3-methylisoxanthopterin (3MI)
(@os. 348 nm, 50. 431 nm). BEYOILEOMYOs©O 63wgmEHooL G3T Msbdodg3z™™mdOL
gm0l 3mHBoEosdo Bs39Mgds dolo ©9B9daool FsmEGH0g LodMegdsls Homdmoagbl,
5096, HMOILIE BELMOILE0MJOIO B3 gmEHOOo BdIMEos ©EBT-U gMMDoy xo3F300,
d9bmdgo  bmzwgmGHogdo  5dOHmdgb ol Loabowol.  bmerm,  33506MM3wgdbol
3MmOHI0MGIOLIL, 25TMBMIZ0LBWEIds Mo BM3WIMEH0IOOLASD, Jobo FEMMgLlZOMYOS
LoMAbMdEsE 0BMEYds (23, 36, 37).

2AP 560 50096060L 53l gds©0 sb5¢rMm0, GMIgwos Jdbol Watson-Crick-U
a3mdgoms 30wl 0030bmsb (38, 43) o B3 3mE0dgMsbs 930 sbabL dols
9300353050 (18). 6MI o 3MI LEH©HWYIEHMOMEE HoMIMoY)bgb 4w560boL sBsermygdL.
6MI (o03mgdbol grdgomes §yz0wl 30EMBobmSH, 3sd0b MmEs 3MI 396 Fo®dmddbol (27, 28).
63 3m0dgMoBg 3903900l MHg3c035:309L 396 sbgbl (10, 59).

B39b6 godzoobomgzgol dg3s0Bogo 3MI (L. 11 B), Mogg9b (i) 9J3b domeeo 3356&mGo
BoM90geo (0,88) o (i) ©BI 3mer0dgmsbs 396 sbgbl dob My3wo3oEost. Mog 11-nt
Loa®dolb QPA 365039600l 3oL “9dbol godmygbgdols bLydrowgdsls ag5dwgal (L. 11) s
BMool QPA-L 9539dGHmO@dL (23).
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2.4.3. QPA 3M50d9(0

POx030 QPA 69god300L, Loss 36o009HBg ©bd 3meodgmsbol doge dbmErm
9600 29956060l ©s353gds LOMEgds (bE. 11 C), 3H9d396M9GHwMsHy ©9M30YIOYdS
fobs 33a93998d0 dgz0Lfogargom (23, 59). GmymeE 3009005 9B396s, QPA Ggsjgool boBdstg
03000MOM© 3530060©9ds QPA 365039005 s 36503960l ddol mobol 30md3egdlols
©3mdoL 39939M5@ML. 095d300L MG 3H9a3gMoEHIMmS osbEmgdoom 10-15 °C-
00 350505, 300009 36050096/ 3H508960l 8ol #8bol wMdOL Fgddgmo@n®s (23). HHz03
QPA &godzosdo (byd. 11 C) 3350060193egdLl o6 563l G50dg Lobol dodo@gdgdo, Mo
505030398 dol  oLbME0sE0sL  LEdoBbY  ©BI-0LYSE. bmwm, 9Judmbgbiomé QPA

Primer: = GGGAGGGTGGGCGG

Targets: CCCTCCCACCCGCCC (®)
CCCTCCCACCCGCCCATATATATAT ()
CCCTCCCACCCGCCCATATATATATGCGCGC. (@)

40 : T l T T T I T I T
35

30

25

20

15

Rate RFU/min

10t

S I (S | N S| N S| I T A
64 66 68 70 72 74

Temperature (°C)

-~
(=]

30553030 1. QPA 6godgool LoBds@ol ©sdm3z0@adegds  G9ddghs@Msby. QPA-ol
L0BJo69900 g3blsBEZgMYEos 30693H03M0 MMEIdOL sHMYdOEIB. 365039MH 30
A 506036535 2AP-U. MHgodzool 3ommdgdo: 1 pM QPA 36503900, 1 nM Lsdobbg
639, 800 uM dNTP, 0.05 U/ul Taq, dmx96do 25 mM K.
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95430580, 3350603c0gduds bs F9dwmb BMOToMGds, MMPILYE oL Mol gMdgwo
593w03mbol Bofloeo (step iii, LvmE. 14 B). 0dobomzgol Gmd 89a39LHogas, v Mmam®
9000bsmgmdl gl 3dmgglbo,  B3z96  Fgzolfegergod QPA  Ggodiool  LoBdo®ol
5930009099 gds bbgosolbgs Log@Mdol bLodoBbg bI-oLbm3zol (Mag. 1). LobEgdsl dmzwry
L530BbY bT-00 593L BHo30)H QPA 95300l bobosmo. Mm3EH0dseIMo 93396MsGIOHOm
~67 °C-%g (59). 999090 LoLEGYDs, LsFoBbg I EoaMdggdmeo 10-nt Log@dolb AT
"dbom, OO 96  AobLb3s3qds Im3g LBy ©WBT-0560  LobEBYdobysh. dolo
330050 3HgI3YMGHMMS  290bs33wgdwos 68 °C-Bg (a®eg. 1). AT w=dbom
399399 53 I306M9 LESB0W MMM, 360369 M3560 MHMEo FgoliBrs MEM-36MH5099M056
99u3mbgbzommo QPA 6g5d3oobsmzol 36Mo0dgcmgdols s LsdoBby ©bBI-ol TgMHBg35d0.
Lo80Bby BT-0b ToEgdom 6 GC gMdg (Yy30om  EMIYIgdsd, LoaMIbmdws©
39593065 095d300L  LoBds6g. 954300l Mm3GH0domemo LoBdsmg doowfgzs 72 °C-%bg.
509bs, 3600996008  Bsbo33zegdol  3GmiEgbo  860d3bgwmgbse  dgx3gMbeos
593w03mbo/bsdobby ©bd-0b m»gemdmwo BEGHIVOWMOHMIOL JoBOEO® (Mog 2obsdoMH™ds
L580Bby EBT-0b MG gdsd GC MBbom) (3Mog. 1). 0Md3s, AT Mdbol sdsEHgdsd
1580Bby WbI-BY, MgoJ30sDg 360369 M3z560 F53egbs 56 Tmobobs. sl GMI, yMdgwo
L53oBbY BT-0L 30MmMdYdT0, LoliMzgmos QPA Ggodios BosGodal 4-5 °C-om MBOM
o0 3983965¢ M5B9, 3000609 QPA H95d30s dm3zwg bsdoBby H3-0560 LoLEHYIoLbm30U.

2.4.4. 3350093679960 3s8ems s (BJFPOISE0S

0DMm)OHIMwo, 9Judmbgbgom®o QPA ©9god300l Y439wsbg oo 2sdmfj393s oym,
MO0  MON0IONLI30MOL30OM  3MOMEILOLMZ0L, QPA 36503960l  garmbasiool 9999
339001939Jbol BMOI0MYOOL S dgmHm9 301503960l gEmbyszool 99gyo dolo godwob,
LogOMM BoGgod0m 306MHMdgd0L JmMAqds. dog.: K 0mbgdol 3mb3gb@Mogool gobOom
b9ds 300390 3OHMEqLOL by dgHgmds s 5853MMMEsE IgmMg 3OMEgLOLMZ0L bgwols

d9dqms.
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Polymerase extension and
Quadruplex invasion

S
B —

CCCGTGTGCTGTCGCGTG*
GGGAGGGTGGGCGEGTTGGGCACACGACAGCGCACY

) Y

300
250

= 200
150
100

50

M| 60 °C

ALl
no polymerase

Jassalaaaalaaaalaaaals

Ak d i Adddad as ool s oo o) Adoad o s aa b Al A4
0 5 10 15 20 25 30 35
Time (min)

20553030 2. (A) 33500633¢9Jlol 30e0dgHmsbmo gsdeols Bdgds@ Mo gsdmbisbuyemgds. (B)
33500M3emgJLbol g53eols MO0 Lbgswslbgs FHgddghsdwmsbg; 5 mM KCl,
45 mM CsCl, 2 mM MgClz 39539630, Taq 3modgmsbsls sdmygbgdoom. ((zgMHowo
36190900 F9gls053905 Bs3MBEHM MM 9du3gMm0dgbEHIOL, 3mE0BgMBIL 3o609dy).

POx03 QPA 6g5J30sdo K ombgdol Hmeo dgzoLfsgergm obs 330939080 (59).
954305 3M8omdL K* 0mbgdol 5 mM-sb 50 mM-dwg 3mb396¢MsEome 899swgdo. ©bd
30dgmsbsll 8096  3390M3egdbol  godeol  3MMmEgbol  Jglslifogws  Bogsdotmgom
339001939Jbbg  IRMIbgdMEo  bseobo (aMog. 2). gdudgmodab@EHdo dsdm3z094qbgm
335060M3wgdbo 2AP-000 gmerggol 3mBoEosdo, Mmdgmon 0ogm ©oyMdgargdveo 20-nt
LoaMJdoL Ms6308EI3MMdOM. g M96d0TY3OIMDS [o®MBMOYIBL 3MI>0TgMHOL 3oL MdSBL 18-
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3058030 3. 33500MH3egdlol  BMILEgbgommo WmMdol dGMEgdo K+ 0ombgdols
Ubgsalbgs  3mb3gbBMogoshy.  gdudgMmodgb@ol  doMmdgdo: 50 mM
90bmgogrgb@mMo 3o0ombgdo (K+ + Cs*), 2 mM MgClz, 10 mM Tris-HCIL, pH 8.7.

nt bLoa®AoL 36MH5039MHOLMZ0L (Mog. 2 A). 36M5099M0L gembyszool F99as© dmbgds
339000193¢9Jbol  godwrs s 2AP-ol gwwGmgl3gbgoo  Loabsol  Bod®dmds. 0dol
d9Ls0M(0gdWsE, OMI  BWMOHILEIbE0IOLORBIOL  BodMmds  bgds  gEmbasiool
0909250, 91939 293BMAgm 335063 gJlol MGOHTINWo WE3MdoL 9Judge0dgbEGHgdoo K-
00bgd0olL  bbgoolibgs  3mb3gb@®mogoolomgzgol (3Msg. 3). GmamemE dmbsermobgo ogm
339001939 Jbol  BEGHIBOEIMOMDds  IOJMHOIE 3OOl EodM30IdMEo K 0mbgdols
3M6396@®s305%Bg. 65 °C-ol gggdmom, 5 mM K* 0mbgdol 30mb3gb@®s305Hg3 30,
33900139Jbo 0bsMRMBIdL 3930w LEAMMIGHMIOL (A6ex. 3). 3390MM3egdulolb goblbols
954305 d930L(ogwgo Taq 3m0dgmsbsl 4s9mygbgdom, 5 mM K+ ombgdol 0sbsmdobal,
60, 68, 70 > 74 °C-Bg (365g. 2). L43MbGHOM™ 9Ju3gM0dx6EHI0d0 (H3Bowo IMMEydo;
353, 2 B) Loz b3 3mwodgmeBol  sdsBgds 96  bgdms, 033063905
REOHILE0MJO0 Bogbswrol 3argds, Mo 398M{3gME0s 3H9a3gMsdMom. 60 s 68 °C-by
BOHgb396EoMwo  Logbsero dbodgzbgwrmo 03wgdl (dsgo s foomgwo (zdowo
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96©900; 365q. 2 B). bmgwm, 70 s 74 °C-Bg Logbswro 93060905 ssbanmadoom 20% o
50%-0m, 653 259mf39o0s 33500MM3Egdlol MYMHIMWo Aswom (Oxo s 369
03000 dMmad0; 4M5x. 2 B). Moz LEOMWI TJgbodsdgds 3353 gJlol W MMdOL
36O 0L (Mog3. 3). 993350 60 s 68 °C-Bg BEmML39630o Logbsero BogMmds,
dbMwmE ©b3 3mE0dgmsBsl sd@03mdol dgwgyos (4530 s Hoomgwro dbbgzowo IH©Id0;
3053. 2 B). Logboeols Bosdmmdol bobdstg ssbermgdoom 50 nM/min s 80 nM/min-dos,
d9L53530bo 60 s 68 °C-By. oo FH9d3gMoGMMgddy, 70 °C s 74 °C, sMRgboo
Loaboeols 80% s 50%-0l Bodmmds bgds 1939 3mE0dgeMsdols 5dE03mdols 89w9ao©
(@ryérxo s d)3s69 dbbgoo IMHYd0; 36g. 2 B). BsdOmdol bobds®om ssbarmgdoom
200 nM/min, 6039 &9939M5@GOHobmzol. B39b sbgzg 9g30LFogwgm  3350MM3wgduol
3oblbol Mgod30s Lb3oolbgs b 3mmodgMsbols dogm. 9dudg@odgb@gdds sB39bs, Hma
B39bL dog® Tgbfogerol yzgeus b3 3me0dgMoBIL 993L 339MM3Egdlol 2odwols Mbsto.
0935 339003 9Jbol  godEs  ITMZ0IONI0s  Ggd3geedMeHg s Kt 0mbgdol
3Mb633963H5305%7.  Lodmmm  gdu3gModgbGHol  30MmMDdYdOL  TgloMBg3s,  BO3GIMG
99b396M08963Hgd0  Bg9b0  LsboBbg ©bI-0ol (3Gog. 4) godmygbgdom. MOl  TJOIRSWI3
9Jb3mbgbgom®o QPA  6gojgoobomgol Kol ombgdol ™m3Eodswmem  3mb3gb@®Megos
d9356mbogo 10 mM.
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2.4.5. 99bdmbgbgoryto QPA Ggsdp0s

Lsd0Bby  ©@bd  (Mogk.  4), MmIgwog  Bgdmm  sEHgdowo  Fggagdool
39035¢0oljobgdom  Tg39Mbogm, T9gagds ™o  LYAdgbEHolysb. 11-nt LogMdol QPA

GGTGGGCGGGMGGG’  QPA primer

*ATTATTCATTTATCTTTATTTATATCTCCCACCCGCCC Template
> ATTATTCATTTATCTTTATTTATATCTCCC 20d primer 2
T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T -
Vent(exo-)
4 Bst
210

Taq

1.5 10*

RFU

1 10*

F

5000

1 l 1 1 1 ‘l l 1 1 1 1 l l%l 1 1 l 1 1

1 11 1 l 11 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 11 l 1 11 1

0 10 20 30 40 50 60 70

Time (min)

3058030 4. 9Ju3mbgbgoMo QPA ®godgos Lbgoalibgs ©bd 3memodgmsboom. QPA
305089030 M-00 50b603bmeos 3ML ghmosbo dGMMEgdo TggLodsdgds
9Ju39M0963gdL 100 pM  3mb3gbGH®mogool Lsdobby ©6d-om; fiyzg@owro
36900980 8gglisdadgds 6gasGonm® 3mbEHMMEgAl, 9dldgModgb@gdls Lsdobby
©b3-ols 356939; 9Ju39M0dgbGoL 3oMmmdgdo: 350 nM QPA 36s0dgho, 300 nM
dgm9 36509960, 400 M dNTP, 0.06 U/pl Vent (exo-), (8s30) 0.08 U/pl Bst 2.0
(foorgaro), 0.1 U/pl Taq (¢omtrxo). d953960: 10 mM KCI, 40 mM CsCl, 2 mM
MgCL; 9Ju396»0096¢0 Bs@oMs 66 °C ¢9339Ms@vMsby.
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365099600l 0dol »dboLAD s AT-00 3OO0 Fgmmg 36G50096M0L M9BI0TEI3OMBdOLYSH
(58). G959 360500960l AT-00 30M0 d60 065ORME4dL 3GrM©MIEOL B MMM
UGOdOWMOMISL (FBOOWO 2). 03039 JobgBom QPA 3M50d96m0L ddol dsbo séol 11-nt
Log®dol  (58).  36000gMHgdl  9J300  QoORsM3s  (overlap) (i) Moo 205©Z30¢EIL
339006039 duol  godol  3GmEgbo  Ggm@g  36v0dgeol  doge; (i)  dgmmy
361500960/53303mbols 333gdlols BGOB0ODBO300, 360HMYJGHo ©b63-ol
UG9d0WO0BHE00L (330 9ws©. gJu3gmH0abEHGO0 B35@IMgm 66 °C-By, 53 G9a39MoG MDY
989JAHMGe© bgds 305039MHgdoL  gembasizos (58), 9053MMMWSE 3OMENIBHO MO-
X5330060 ©BI ©gLGHHBOWODBOMGOMOos, o3 byl »Mfygmdl  335OW3wgdlol LGexR
ROHI0MGOL @ K5F30L Bsbs33w9d0L 3OMEILL (bGowo 1).

9Ju3mbgbgome QPA  ©godgosdo  (bnd. 14), 36™m©JBHOL  Mom©abmdMogzo

3obLOBMZMS  bmMEogwEads  BXMOgLE396Eo0m,  3395MY3WgJbol  Bsdwmsgdom.
53308035300l MM 335M3Egduo RbMfY30dwoz 0393905 (30J3L Loabswro) s
0dgds  (Loabowro  J3Mgds). OHMMOE 339 39b30bowgm, 3350MHW3gJuol  goderol
3603900, MOBOE b SbEOgl BWMMH30MGBSO LoAbsEOl BodMmds, 930w gdgwos
99bm369b30s M0 583¢08035300LM3Z0L. slg, ™I 8603d36gwmzsbos 36M0dgMmgdol od
509bMdOL  gobloBrgds, MmIgwog byl o6 Jdgmdmol QPA 6godi00l 0330603905l
ROHgb396E0Mo  Loabswo  IBoJLOMGdOm. 530l Qomzsoliobgdom  BogsdsMgom
99b396M0096GHJd0  3MO0dgMgdol  Lbgoolbgs  3mb3gbG™Mo309dbg. QPA 36500960l
1304LoMgdIM 3mb396E®305DY 333C0Om F9m@g 36r5039MH0L 3MbB39BEGHEMSE0L. (3WYdOL
0909250 298m3wo0bEs, O™ Lom39mgbm F9ga0 J00PYds, HMEILsg QPA 3Ms0d96Mm0 15-
20%-00 M5O 39305 300069 dgm©9 36:509960.

99u3mbgbzom®mo QPA ©gsdzoobmaol Lomzgmgbie b 3tmeodgMmsbsls FglaMbhg3zsw
Bo35¢3)96M90 9du3gM089bEms 303wo. 53 9dudgmodgb@gddo, dg30Lfogargom (i) S33EP0B035300
100 pM 3mb396¢H5300l Bod80Bby bI-0LM30l s (ii) Mgodaool bgysdorMo 3mbEGmmeo,
9939608963900, OHMEILSE BoMYodE0m M9do 335438 g39ges 3MmI3MbBI6EHO 29O LsdoBby
b63-0bos (Mog3. 4).
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GTGGGCGGGMGGG’
GGTGGGCGGGMGGG

13-nt QPA primer
14-nt QPA primer

> ATTATTCATTTATCTTTATTTATATCTCCCAC
> ATTATTCATTTATCTTTATTTATATCTCCC

> ATTATTCATTTATCTTTATTTATATCTCC

> ATTATTCATTTATCTTTATTTATATCTC

2 primer 1

2 primer 3

2d primer 4

2 primer 2 (WT)

B 3.5 104 Ll T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T
310°F E
2.510°F L primer 1 3
T F L primer 2 ]
™ F primer ]
e 210°F L primer 3 ]
1510*E L primer 4 3
110°F E
5000 P S T T Y S AN TR TN SO TR AN N Y TN MO AT SN ST TR T N T S N
0 10 20 30 40 50 60 70
C 3 104 Ll T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T i
2.5 10" F .
. F _ ]
2 210°E L primer 1 3
'4 . L primer2 .
1.510" L primer 3 3
- L primer 4 ]
110¢F ~ P .

5000

11 11 l 11 11 l 1 1 1 1 l 1 |- l 11 1 1

1 11 1

10 20 30 40 50 60

Time (min)

70

30553030 5. Bgaodomo  3mEGHmMEgdo  Lbgoslbgs 3GMs0dgmgdom. (A) 3Ms0dghHol
0568080093Mm™Md980; QPA 36M50396M830 M 50608653l 3MI-Us. (B) gdls3g®0gbEgdo
13-nt QPA 36509gM00 ©s (C) 9dudghodgbBgdo 14-nt QPA 36o0dgMoo.
»95J300L 30MHmdgdo: 300 nM QPA 36503900, 300 nM dgmmg 36Gs0dgmgdo, 400
HM dNTP, 0.06 U/ul Vent (exo-). d9xgco: 10 mM KCl, 40 mM CsCl, 2 mM

MgCl;99b396039630 Bads®s 66 °C.
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g439wsdg LHOsxno s 9x39dBWemo  933eoxzolzsgos  sbggbs Vent (exo-) b3
3000dgMH5Dsa (0530 IOH©0; 3M5q3. 4). BEMMIL306090500 LoDl BOS BodLoMYdY,
695J300L ©)Yx00sb ~8 {mmdo s FogbodxmaAl gzl 15 fmomdo. sB939, BoJLloMEIds
dogho  b9go@orMo  5d@BH0o3mds, MHMIgerog 099gmemgol  5330R035300L  IMMEL  ©
Bs3®Bgds ol ~25 frmoom (0530 iy39¢0wo 3MMo; 36eg. 4). 9Ju3gMH0dgbGHgddo Bst 2.0

RFU

] Cad
L] [ ] =
LI B I N N L Y L L L

Threshold time (min)

L1 11 I L1 1.1 I L1 1.1 I L1 11 I L1 1.1 I L1 11 I 11 I*I L_1_1
-1 -1 158 14 13 12 -11 -0 -4
Log ([Probe])

—_

20553030 6. 9Ju3mbgbgommo QPA ULsdoBbg ©b63-0ol Lbgoslbgs 3mbagbd®Mmogosty. (A)
50308035305 BsF0BbY ©BI-0L 3MbEIbEHMsEOL 10-xgMso dgdgoMmgdoo 100
pM-qsb 100 aM-3¢g. (B) 3mMges3os Mgogsool sfiggdols mmbs s Lsdobby
©63-0b 3m6396EMoEosL BmMol. 9dudgModgbdmmo 3ommdgdo: 350 nM QPA
305039®0, 300 nM ggmBg 36503960, 400 pM ANTP, 0.06 U/pl Vent (exo-).
dmgMo: 10 mM KCl, 40 mM CsCl, 2 mM MgClz gJu39»0096¢ 0 Bs@ots 66 °C.

44



300dgmH5D0m, BerMHgl30M050 Logboswrols BES sofym 10 frmols 9999y (Homgwro
96M0; 3M593. 4). mxdas, (1) Loabsero F30Mmgs; (1) 396 s0Hg3l dob doduodmal; o (iii)
0ofgygol  PRodmmdol ~35 (modo. Bst 2.0 3m0dgmaHol  bgyodom®ds  LozmbEmmenm
993960963905 5B3965 LMLBHO SdEH03Mds 50 Fymol F9dgy (Fomgwo Fy3z9Gowo IHo;
36533, 4). Taq 30dgMsbsd 583965 Logbowol yzgwsbyg LyiBo BMs. ofjygds 10 Hromols
990009y ©5 0ofjygdls 3egdsl ~45 fmool 890gy. bmem dobo bgyodo®o 3mbEGmmemo
099690l 5830530353006  ABMEL s  BIMEOBdS sl ~20 (mom.  sefigdowds
9939608963935 5B3965, BT Lsdogzg DA 3E0dgMsBs JgLodErgdgos odmz0Ygbemm
99b3mbgbgome QPA ©959309000. 300gdmwo 999900l gom3seoljobgdom, d9dymado
99b396M009bGHgdoLm3zol  B3gb  sg30MBogom  Vent (exo-) ©@bd 3me00dgMebs.  LMLRO

593083035300l 250M.
GGTGGGCGGGMGGG QPA primer
> ATTATTCATTTATCTTTATTTATATCTCCCACCCGCCC Template
> ATTATTCATTTATCTTTATTTATATCTCC 27 primer 3

1.4 10*

6000

40000 10 20 30 40 50
Time (min)

3008030 7. 9dudmbgbgo®o QPA Mgsdgos dm3zwmyg dgemmg 36s0dgmom, 15sdoBbby bd-ol
Ubgsalibgs 3mb3gbdMs3ogdoliogol. QPA 3Ms0dgMmdo M 50bo8bsgls 3MI-U.
9Ju39Mm0d96E Mo  3oMmmdgdo: 350 nM QPA 36Ms0dgMo, 300 nM  Ggmmg
3650099600, 400 pM dNTP, 0.08 U/pl Vent (exo-). dg39®o: 5 mM KCI, 45 mM

CsCl, 2 mM MgCl2 99u396M0096&0 Bo@otqs 66 °C.
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Lodmmm 94390089630l sYyg0sdgy, QPA ©gogdaool, Gmams Lsdobby b3
a3mbd300lL Rofig®edqyg, BogsdgMgom 9dudgMmodgb@gdol 3093 ghmo 3o3wo, BgasGHowWeo
593H03md900L Fgbolfogeo. 8 9Ju3gm0dgbEHddo 25dm3094gbgm 0039 9Ju39M03bEGH™MwO
3060900, M3 SVHIM0E0s §Mo5303 4-00. 99356MB0gm gobLbgs39dMEo Log®Adol mmbo
d90269 365089600 s m®o QPA 365089600, 3500 6ol Lb35slbgs Loga®mAol 49sxzIM30m
(36533. 5 A). 13-nt bogMdol QPA 3650396 5d3L 2509835635 d9r2@9 3615039056 0-, 1-, s 3-
nt. dgbodsdobo 9Jdu3gM0dgb@gdo sB3969dL, MM bgyo@0MGo 5gBH03Mds 5J3l, TFbmerme
3615009690l 3-nt ooRIMZ0m. (3M5x3. 5 B). beagnm, 14-nt-0sbo QPA 36508960, 0-, 1-, 2- o
4-nt  @oIRMZ30m, 5B39690L  BgROBHOME  9JBH03MOSL  2- @O 4-nt  QoIRIMZ056
LoLBHYIGIOLMZ0L (EMog3. 5 C). LolEgds 4-nt FoIRIMZ30560 LoLEBHIIom, 839690l Logbowrols
BMol 20 (moosb s sfgzl  FoduodMaAl, @osbermgdoo 10 mmdo. GMaMO3

GGCGGGCGGGMGGG'  QPA primer

> ATTATTCCTTTATCTTTATTTATATCTCCCGCCCGCCC Template
> ATTATTCCTTTATCTTTATTTATATCTCC 27 primer 2C
550

500
450
400

RFU

350
300

IIIIIIIIIIIIIIIIIII IIIIIIII“

250 .
Negative;

control=

G, VRS A, PR ¢, Y i . | W . i g
1 1

1 1 1 1 I 1 1 1 1 I I 1 1 I 1 1 1 1 I 1 L]
150O 10 20 30 40 50

Time (min)
3058030 8. gJdudmbgbgom®mo QPA  6gsdgos  LEomobotmgdmmo LsdoBby ©B3-ol  Lbgswabbgs

306396@Mo30gdoliomzgol. QPA 36s0dg®do M 50bodbogl 3MI-b. 9dudg®odgbErmmo 3060mdgdo:
300 nM QPA 3Msodgho, 400 nM dgmmg 3Gs0dgto, 400 pM dNTP, 0.06 U/ul Vent (exo-).
o53960: 15 mM KCl, 35 mM CsCl, 2 mM MgClz 9du3g6odgb@o Badstgs 69 °C.
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9bOEmbgwo 0gm, 2-nt 5535030560 LOLEYIS NGRS Aol 30 fmmom (3Gsg. 5 C). gu
33193990 305603693, M3  9Judmbgbgom®o QPA  Ggsdiool  Bgao@dom®o  sg@ogzmds
399039990005 35BIMZ00 365099MHGOL TMEOOL. 5383505, B396 9a30dw0s 45dmz0ygbmom
36500960900 2-nt  oIRIMZ000 @S 3930005  J0300Mmm  FoMFH030  SA3O0G0IS(309,
535390000 3mA3mbgbEgdol 4969dg. 9603369 ™m3z5605 0oL (3mELs, MM BgsBHoWGO
5dBHogmds  890dgds  o0BIMEOML  3M00dgMdol  MBMM  opowo  3mb3gbG®Ms309d0L
399mygb900l d98mbg935d0, 300069 b5B396000 o303 5-by.

LsdMEMmm 9Ju39M0896EH9dT0, 9Ju3dmbgbgom®mo QPA Mgsdgos BoghgMgm, Gmymes
L53OBby BT-0b 3MBEIBbGHMOEOOL FMb30s. B39b TgzoLfagergm Lsdo AsbLlbzsggdEo
LobBYTs. 306390 LobGHYIS S0HgOOWOos FMsx03 4-Bg, 3M03gMYd0 2-nt A5IRIMZ00).
3058303 6A-bg 6563969005 9Ju3mbgb0MH0 QPA Ggsdi00L LydoBbY WHI-0L 3MbEgbEHMsEOL
10-x96s0 d99gocmgdom 100 pM-sb 100 aM-0g ©@s a6Mox03 6B-Bg Fomdmoygbowros

- -

Complex Cs’ K
Template/QPA primer 60.4 (53.3) 60.5 (53.3)
Template/2® primer 62.0 (59.0) 58.5 (55.5)
Product 71.0 (68.8) 67.0 (64.8)

gbMoo 2. gdbdmbgbzomm QPA ¢95d30580 dmbsfioerg bd m3amgdlgdol enmamdols
$99396M5¢E@9d0 (Tm). ©b3-ols g0 M6 3emgeE oM
056000¢0930Mdgd0 6583960005 §Msx03 4-Bg. MmErogaMbmzwmgmEoMo
056003g3M™MdYd0L 3mbE3gbEME0s 3L 6 PM; dya3gmgdo: Cst (50 mM CsCl,
2 mM MgClz) s K+ (10 mM KCl, 40 mM CsCl, 2 mM MgCL). g®Bbogrgddo
Bsfgoo  3mbsggdgdo  Bgglodsdgds 500 nM  3mbigb@®agool
05600000 93MMdJOUL.
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3MOgW5305 095300l sfygdol @OmMLs s BsdoBby BT-0b 3MbB3gbGH®SE0L FmMob.
©59M30090gds 5ol (OHxozo 100 pM-sb 10 fM-0g. wdEs, IO
306396@®s30900Lm30L (1 M s 100 aM) bgds 35sbMs HHB030 M 3I0WYdIIgd0b.
OHMyMOE dmboermEbgwo oym, 53 LolGgdsl og3b bgas@om®mo 59EH03mds. dgmeg LobEgds
30639l Abs3Los, gMmo  AsbLlblsggdom, dgmMmg 365009600  ITIMIW YOS, Mol
090925053 365039690l GOl a3MPRgds 1-nt ooxsM3s (Mog. 7). 53 LoLEGHYIL 56 593l
6939300  5dBHogmds o LsFoBbg ©@bd-ol 100 aM 3mb3gbEGH®MsE00L  sBOJLOMYdS
530  bMME0IWEYds.  39651369em, Tglsdg  LoLEYdsdo  (gMoxy. 8), 3Mw0dgM9do
MO0 JONPIPI0RMYOs  1-nt-00, o8 JIBO©OE0S 361503960 900/36M50996Mgdol  ddol
w06oL BES000obDs30s, QPA 305039630 0dobo hsbs3gwgdrmos go@mbobom, bmem
a9 365009680 5©gbobo Bsbs33egdMmos 3oGmbobom. Mol Jggyosg Mgogdiool
330350 MM0  39a39M5GHIOS 90DIMS s 9GOl 69 °C. fobs LolEgdol BLs3Ls, gu
LobBYFoE 0930BMBO0S BJRSGHOMEO 59EH03mdOLYD.

B396 Boge Homdmmpgbocro Judmbgbzom®mo QPA Ggsdzos d9ddboos 9.§. 9Gs35¢m
Lobxo®0sbo (Multi Tube) ©0sabmLBE03MMO dMEYOLMZ0L. LOIE 35mMAbmMo ©bI-ol
(56 663-0b) 2506y Lbzo@olb3y dRIMT0, 3J530sc0OL 2oLH3M03, bgds dsgbodol
d9d39mdom (bye. 15).

9B 890 [omdmoygbl 3530sMdo, 9MHmMBsbgmol 899)MH93ws©, Fmmagligdmem
Ubgoolibgs dmg3gMl, GMIgdog 296Mm9sb dsabo@ol 99d39mdom, bgds dspbo@weo
9003900l 45539bs dMRIM0EIL 3BgMHTo. 193Ws30M39ws bgds LE™MY3EO300bom
OB ogbode  8doggdbg  Hobslfee  TgMbgmwo,  JsmmpabmMo  MB3I-ol

3033w 9396@ w0, 6M3w9gmEHOEMO0 156000 g3e:Mmdol d0dogMgds. bmzwgm@GHowe

i) Magnetic bead-based ii) mRNA to QPA iii) QPA reaction
mRNA extraction template conversion optimization :
N \ S ) < W
g/ - i i e
%s ‘S g &)

1. mRNA binding 2. Wash buffers 3. Template binding 4. Wash buffers 5. QPA detection

L5000 15. 3M35¢0 LobRsMosbo (Multi Tube) dmEgeols dgds@vyMo 3odmMLobmEgds.
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5600000930356 5’ dmembo 33300900 5d3b dom@Gobo, MHmIgwoa Homdmddbol
deogt 335l BEBHMI3BH9300bMsb. Bsabo@wE 8d0390Bg F0dsaM9gdwo MbI0TEI3MMdS
1393906000905 35MmqbmMHo MBI-ob 333 gdgb@ oy «dsbl (1. mRNA binding, by6. 15)
@5 8536030L 298mYqbgdom 250035d3L gobs@mgsb dmmg@8o (2. wash buffer, LwG. 15),
5651393080301M0 339001 35300  SLOFOWYdIWSE. Fgdgy 9d039dBg B0dogMgdo
350m9bmMo MBI 25093358 389gMTdo Losg 339J36 QPA Ggsodioobmgzol dgmBgmewo
Lo80Bby ©bJ (3. template binding, L. 15). 3smM9bmE GBI-L s LodoBbg BI-L sz
20O 3MI39dgbEHIMMOo dsbo (3M5g3. 9). LsToBbY -0l Ws35380MYdOL T9d9Y
9003900 33153 2500023530 8obsM9sb d98g®do (4. wash buffer, by®. 15). Mol 999993,

QPA JO000x $' -GGG (IM) GGGLGLEETSG-3

Mﬂﬁgqﬂ 3 ACTOT ACGA CGTATAT TCC T COAC T TP T CCCCOCCACCCTCTATAT TTAT TTC TATE TACT TATTA-S
B9y 3ol 3’ ~CCOTCTATATTTATTTCTATTTACTTAT TA-5
Jsmegafrho B3 (HIV RNAX S ucCagauccugcauauaagcageuy CULCAASAAALAARAAAAAASAAAAAARAN-T"

353,603 83071 BodgMOdyo B InGOEHo ;m3BBoiogfady 37 ~GAAGTTTTTITTI TITITTI TITTTTTITY-5 Bt - @

500

450
400

350

RFU

20 pM HIV control

300
250

Neg. controls
200 No HIV control

L 1

L l '
0 10 20 30 40 50

Time, min
365353030 9. 3500mygbm®o M63-0b 9Bz 9Judmbgbsommo QPA Ggsdiool sdmygbgdom;
Biotin DNA / Beads — 100 nM / 0.2 mg/mL, 20 pM HIV RNA, 100 nM ULsdo%bbyg
©63; QPA 6gogsol 9dudgmodgbdwymo 3oMmmdgdo: 300 nM QPA 3G50dg6o, 300
nM Ggmg 36503960, 400 pM dNTP, 0.06 U/ul Vent (exo-). dgg®o: 10 mM
KCl, 40 mM CsCl, 2 mM MgCl: 9du3ge0gbo Bo@stes 69 °C.
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9003990 350935438 QPA  ©9®9d3o0ol 3ngmdo, Lssg 239J3l QPA-L  LoGgsdiom
306mdq00: QPA 36500960, Ggmmg 360509960, dNTPs, ©bd 3modgmsbs o Lodwmdom
o0x3geo (5. QPA detection, Lwmé. 15). QPA 6g5jgoom 3sbgbom LsdobBby ©bd-ol
5930080353056 5 Job M5Mm@gbmd©m03 2oblsbwz®mLL.

@5dMM5GHMO0  300MdJddo B39b Bo353HgMgm  50b0dbMEmsb Fosbermgdeo
99396089630, 935000 353096E0L MBT-BY. 3930wl bosgaws Mgsjaoolmzol
399Mm30ygbgo  309393°. QPA  ©g5d3ool  3060Mmdg00  ©s  Mmoymbmzwgm@GHomeo
05680909360 d900 B5B39690005 3M53303 9-%g9. ©bd 30dgm5bo Qo
©9bMJLoM0dMb3mgmGH0OL GMmogmlgs@o (dANTPs) dggodobgo New England BioLabs
(NEB)-096; mogmbs3crgm@oonm®o  0s6d0dg3emdgdo dggzodobgo Integrated DNA
Technologies (IDT)-s6; 3MI-Bs396M9dmo 3650896Mqd0 d930dobgo Fidelity Systems-qosb;
dsab0@MMo 3dogz9d0 d930dobgom Invitrogen™, Thermo Fisher Scientific-qosb.

3058303 9-Bg HoMImpygboos  9du3gM0odgb@ol  dggao. Hoomgwo OO
d99Lodsdgds  Mgod3osl 20 pM oM gbm®o Mbd-om. 51939 339d3L mGo  BgysGomdo
3MbGHMMo (4530 IM©Y00), M195d30900: (1) 3500MygbmEo MBI-0l gocgdg s (ii) Lsdobby
©b63-0b 960989. 20 pM 3500MygbMo ®BEI-0 5830803300l  Logbswls bgys@EHom®o
30b6E®Mgd0 Bsdm®Bgds 10-12 Hmmoo.

MmamO3 d93bMg 3090303056 BsbL, 53 Fg0MPOm, sdMMSGHMOOVI 30OMd9dT0
9m35b0bgo 20 pM 3smmgbm®o HBI-ob gEH9d3os.
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2.5. 990093900L 0b&HgM3M9E9305/Eol3MLos

$0bs9qds6g b59MMIdo B396 T93ddgbod mEM3MS039M0sb0, 9Judmbgbzommo QPA
6954305,  §Ox8030  ©95d300Lsb  2oblbgsggdom  momddol  10%-x96m  4sBM©Owo
9303bmdgEmdom. 9Judmbgbgom®mo QPA 5ol 36M535¢ 9@s30560 Mgodios, Mmdgwos bbgs
Loxgabm@gdMab  ghmo, sfoMmIMgdl  ™mE  MEMoMm  Lofobsswdgym  3Mmi3gLl: (i)
5330R0353008 MOMMIMO 30310 0§Yygds 33503 gJuol BMOT0MmYIO00 (©3IEI0M),
Gdgeoll  99939md0msE 36509900 053000350  OLMEOMEYds LsdoBby ©BI-b o
b330 BEgdL  3M00dgMol Bl BBl Fgdgao  3MwodgMobomgols  (Plateau-free),
4m39e350M0 M9MIMEo 30300l goMgdy; o (i) 3030 8003MEYds 3350MM3Egduol
3900 5 M93¢0353000m ©BI 3M0dgMsBol d9dzgmdom, ®ol Jggyssa 0gdbgds
obsero BsdoBby b3, Go3  FoMTmoygbl  9Judmbgbzom®o  Bgodgool  Logdzgeb.
994b3mbgbgomEmo QPA ©g5dzool 3mbLEHM0Mgdsdo Bm35M0 259m{)3935 0ym dmy39d9dbs
bHmOo  9Ju396MH0d9b@mwo  30MMdgd00 s ©bT  3MmE0dgMHeBs, MHMIgEoE  ™93VgdO
096905 58 M0 MM0YOHNVBF0bss0TIRM 3OHMEILOL. 3350MM3WgJLoL godrols o
RmOIoMgdoL  3OHMEgLoLm30L LoghHmm LaMgodzom 30MMmdgdoL IMLIMRIOS©. Bs35EHM!
33506039 duol  MgMIMNWo  WE3MdoL  9Ju3gM0dgbGgdo, Ki-ol 0mbgdols Lbgsslbgs
306396@®5305Dg. 800900 F9®gag00L  Fom35eolobgdom T9350Bogem  dB9MqdO,
Los3 K-ob 0mbgdols 3:mb6396¢®s30s 900l 5, 10 96 15 mM, 3650396900l Lbgssolibgs
09300900L5 s BYogdaool 3Hga3gcms@EwIMol domazswolijobgdoo.

9543006 PoMOMGMEo gBEs3o F930Lfogwgo 0bogzosEMEMms©, bbgswalibgs ©bd
300dgemobols  godmygbgdom.  ©bI  3modgMeBol  Jglo®Bgzs  BoEGIGMdMwOo
9939608963930l J9gyo© d935MBogm Vent (exo-) B 30w 0dgesDs, MHMBgds3 Y39wsbHy
U630 ©d 9BIJGHMO0  533e0x035300 9B396s. B39bL Bog®  Fglfegrow  mommgmen
300d9M5Ds bolosmgdmEs 69asEGH0M0 5dEH03mdom (9Ju39MH0TxbEHJ0 Lodobby bI-ol
3969389). OMAMO3 3300939000 259MBbs Bg9@G0MOM0 5dBH03MmdOL oBBL HotmBmoygbl
3650996M90L (QPA 36508960 @5 d92(9 360508960) GmM0L 5493w gmEGH0MO0 455503900
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(overlap). 39639690, ®m3 36500960900l LHmOo JgMBgzom Tglodergdgwros bgyodor®o
593H03Md0L INGYMB3S.

LodMMEME, 0MdMo 9909390 Pg ©IYOHEMdom T93Jdgbom 0BMmmMgMBMo,
99b3mbgbgomEmo QPA 695d305, HMIGE0E S@GHMIMW OO 3:mb396¢Mo300l LsdoBby ©bI-
0ol 533053035300l GgLodEgdEMBdL §353¢g3L, osbErmgdoo 40 Hrmdo.

B39bL dog® Hotmdmoaqbowo Judmbgbiom®o QPA Mgsdaos 89ddbowros g.§. 96s35¢
Lobxo®0sbo (Multi Tube) ©0sabmlE03MM0 dMEYOLMZ0L. Lo 350MAbmMo ©bI-ol
(56 ©M63-0b) 256y Lb3o@olbgy dRIMT0, 3J530sGOL 2oLH3m0g, bgds dsgbodol
99039Md0m. dMOMIGHMOON 3060MdJdT0 B35EJMm, 90b0TbMW™Mb dosbermgdmwo
99396039630, 5350JOMO 353096G0L MBI-BY. 9Ju39MH0x6EHOL Fgrgysw 3963969m, 20
PM 3063396¢H5300L 3s0mqbmemo MHbI-ob B gdEos.

QPA 695930530 535390000 3615039600l 98m@EHsbom, Tgbodergdgeros dgommols
39054365 9M0-LobX ™06 OsRBMLEH03MMO TMmEIEOLMZ0L. Molo ABbMOE0gW9ds3

d9000™a 3309390L Lo FoMHMIOL.

30090 d9093900L  sm3zseobfjobgdom, 3x30dOMdM, GMI YoM  SMOL
dgLbodergdgemo  QPA  69odgool  godmyggbgds  1sdgoEobm  @osabmbi¢ozsdo.  sb939,
9 937MH0  d0MEMyool, 39b9BHo3ol s LosbsdsGomemm d9i3bogMgdol, g9bgEHozmeo
55350090900l @O 3500My b MM0  F03OMMEARB0BTGIOL  sTMUsBgbs. @y Lsdgabogm

33€03900L 3M5gH0godo.
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2.6. 3133365 o Mg3mIgbs30xd0

1. QPA ©95J30s 560l 6:95¢0mMo 0HBmmgMHd)eo;

36503960l 999390 bgds 36:Mm©MJEol YGIIE0S OO QIMIENS;
954300L 360MYJEHOL 3ol LoliEgds ImbmImMeng3MEMEmOS;

95d309L 56 5943L 533053035300l 0ToEO (3EoGMUYSL Mogz30LGBsW0s);

LA

06Ox030 ©95d300L56 49BLb3939000 gJu3mbgb0MGH QPA Ggod30sl 53l ~108-x96M

239HM0o I3MdbMdGMDY;

6. 3650096M900L FgMHBg3000 Tglodergdgwos M95daool Lb3oslbgs  G9a3gcMmsd Moy
Do6Bo6m:39;

7. QPA 69530 dgLodegdgeos 2sdm309gbmon dMsgscw LobxsMosbo (Multi Tube)
05360mbGH03M0 d900mJo;

8. QPA 6954300 d9lodeqdgeros b3d-U Logbowrols 1010-x g6 9586053 gds ~40 ff«modo;

QPA 95d309b 543b bLFYOEbM OsABMLEH0350 58mYggbgdol 3m@EHgbaoswo. slg3g,
9937 OHO  00MEMmA00L, 496930308 @S LobETsGmE™m  dg3bogMgdol, Lsdgsbogdm
331939930,  29693H03MM0 89350 JOGO0LS S 3500Mg6M0  F03MMMMR60DTGdOL
50dmboBgbs.
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