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BRE
DNA EC5 DR EA #a 5 1

Hefi 27
C OHEDOFERZ. DNA BFIOBELHGECETEHDTH S, IHITHL
<. ZOHBEOFEMT. $EANORN INARERND 1 £=i3EREOEE LT
HREELS 2 MO HE =/ R ER IR T 3 5 EIET S D TH 5,

R

EEDE M) LARTEOERSRERETFY > TINVDAT V-2 T HED
RFEIC L > T, BAORGTFERNL DN DEFEICHTHND Z ENTEICR>
7z X1, 2). ZOXIEM0ESEHKIC, By DBEORETERICE
DET, BROA- FEFI 2 EBREREREICETHETEERL. BETHRE
KRBTBT—IF—A—FEREL T, kBTG TEIHENTHS. ZOEET
BEEED—DTH S Small Fragment Homologous Replacement (SFHR) i, iE
BRETEFAZ2ED, BEEI S/ PREY (A DNAKH) ZHEAEAT
5T ERELT, BREBETRZEFRHALTHRTLHIEEHNELTVWS LR 3
~b5). INETIDHEICK> T, ERERHECHSA boT 4 —EDE
REETEZBEETED I EMRESINTEZ CUR6. 7). ZOLISEBEHES
NIZEETIE. EFBETERRICERDO 7OE—F —OHEIT T, MEATHE
MICRBEEINBZEBMHFTES, £, CNETOBRGTHRTIIHELNE X
NTEBERETICREZEINS XS NEEEEEERS, FENCHRE - BT
BT EWERETH B,

Fie. —HEHINABH 2 AWSBETFERFEEL TR LEARICEDES
NIERREHA Y TX 7 VAT RERWEFEME SN TN S, ZhiL, T
Z2HRAFOFFI—bF CIER8~10) © 2’ -0-Me-RNA CLBR1 1~13), &5
IZIX LNA (Locked nucleic acid) CZHR1 4) TEMIL = 25~100 HED—A&H
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DNA 2 T, LB S B B TENER 102, 105 DEEaE s Rd
L EBBEENTNB, £7e COKBENA) TR Y LAF K& WA HECH,
BEXDNMEFNOY > Fo A EHREIO—FEH INA B 2HWEEElr, LG
VWEERFEESREZRTIENGENTNYS GRS, 11),

RiRmD &B 0, SFIRRFEITH UNEBETEEOHRE L THDO TEETH S, L
MURNRSE, BEDEIZA SFIR EIZB A ERBEFOBEZDRIZ. AWTW
57 v A ROBREETIC L DAE < EEONTNBbOD, $< It 1 %A
K EED, COBEREIICIELEX®5 = 248, SR P B pRis I T AT e
LT B BIERTIRTS B,

ZTT. COMBEORIE. DEDEBDOBEICES TRENEbOTHS
. AR ST T L7 . BETERA OB VA I R T,
Ee. T O—AE N BF2RIE LT, MR DNA BAIORERL 2 & DI < 25
B 57 L OTEBHERIRMT B T L AHEE LT 5,

R
XH#A1 : Joos L, Eryusel E and Brutsche M. Functional genomics and gene
microarrays-the use in research and clinical medicine. Swiss Med Wkly.
2003;133:31-38.
3k 2 :Ferrari M, Stenirri S, Bonini P, Cremonesi L. Molecular diagnostics
microelectronic microchips. Clin Chem Lab Med. 2003;41:462-467.
3HR 3 : Kunzelmann K. Legendre J-Y, Knoell DL, Escobar LC, Xu Z and Gruenert
DC. Gene targeting of CFTR DNA in CF epitherial cells. Gene Ther.
1996;3:859-867.
XH#R4 : Goncz KK, Kunzelmann K, Xu Z and Gruenert DC. Targeted replacement
of normal and mutant CFTR sequences in human airway epithelial cells using
DNA fragments. Hum Mol Genetf. 1998;7:1913-1919.
RS : Colosimo A, Goncz KK, Novelli G, Dallapiccola B and GruenertDC.

Targeted correction of a defective selectable marker geme in human
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epithelial cells by small DNA fragments. Mol Ther. 2001;3:178-185.
HR 6 : Goncz KK, Colosimo A, Dallapiccola B, Gagne L, Hong K, Novelli G,
Papahadjopoulos D, Sawa T, Schreier H, Weiner-Kronish J, Xu Z and GruenertDC.
Expresion of delta-F508 CFIR in mnormal mouse lung after site-specific
modification of CFIR sequences by SFHR. Gene Ther. 2001;8:961-965.
HR 7 :Kapsa R, Quigley A, Lynch GS, Steeper K, Kornberg AJ Gregorevic P,
Austin L and Byrne E, In vivo and in vitro correction of the mdx dystrophin
gene nonsense mutation by short-fragment homologous replacement. Hum Gene
Ther. 2001:12:629-642.

JCHR 8 :LiulL, RiceMC, Drury ¥, Cheng S, Gamper H and Kmiec EB. Strand bias
in tageted gene repair is influenced by transcriptional activity. Mol Cell
Biol. 2002;22:3852-3863. |

X#A9 :Lin L, Cheng S. van Brabant AJ and Kmiec EB. Rad51p and Rad54p, but
not Rad52p, elevate gene repair in Saccharomyces cerevisiae directed by
modified sigle-stranded oligonucleotide vectors. Nuclic Acids Res.
2002;30:2742-2750.

XHk1 0 :Brachman EE and Kmiec EB. targeted nucleotide repair of cycl
mutations in Saccharomyces cerevisiae directed by modified single-stranded
nucleotides. Genetics. 2003;163;527-538.

XH#h1 1 :Igoucheva 0, Alexeev V and Yoon K. Targeted gene correction by
small single-stranded oligonucleotides in mammalian cells. Gene Ther.
2001;8:391-399.

XHER 1 2 : Alexeev V, Igoucheva 0 and Yoon K Simultaneous targeted
alteration of the tyrosinase and c-kit genes by single-stranded
oligonucleotides. Gene Ther. 2002;9:1667-1675.

XHR1 3 :Pierce EA, LiuQ Igoucheva 0, Omarrudin R, Ma H, Diamond SL and
Yoon K Oligonucleotide-directed single base DNA alterations in mouse

embryonic stem cells. Gene Ther. 2003;10:24-33.
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#R1 4 : Parekh-Olmedo H, Drury M and Kmiec EB. Targeted nucleotide
exchange in Saccharomyces cerevisiae directed by short oligonucleotides

containing locked nucleic acids. Chem Biol. 2002;9:1073-1084.

FHOBR

ZOHEE. FEOREEAERT 5D 0% | ORIL. HIFEROER DNA B
FD 1 £ TEBEORE SRR T 5 H5ETH > CENDINAER EHFETH O,
MDD, BHTREFEEZFE, —FHRIR INA HSHFBE D 300~3, 000 I/HE
D—Z84 DNA Bt Fr Z IS A T 5 2 & 25585 & 35 DNA BiF oM H s i 5 v
TH5B,

ZO% | EBITBWTIE. —Z48 DNA BT 2%, 28 DNA B3It A E AR
ThHBZEEZFELNERELTNWS,

X7z, ZO%E 1FERCBIT 5 —D0OEMmEBIRIT, —FFHRRINAN, 77—
ISRDNMTHBZETHY., £ 201 EERBOEELERICE > TES
ORER &3> TWAER INA BS 2 EEERTHZETH S,

S HITHE 1 R BT B OEFEERRIE. Y AENEOER DNA BEFID 1 %
FRREREOEEEERT S I ETH S,

ZOHEDE 2 OFEIIL, BiRFEHEE 1 BRHOFEICK > T, B/ DN BEFID
1 ¥ EREOBEENEBR I N TH S,

Z DHEDE 3 DRIL, ML 2 RO E EAICRES 5 ENEETH
3,

ZOHBEOE 4 OFEPL, B INAEROD 1 £ 3EEEOEEEENER &
o TWAHRBZEIRET 570 DEFTH > T, BERN DNA BEEFNHBERITH Y.
MO, BT NEEEEET. —ARHEBR DNA 5B I NS 300~3, 000 HE:
D—73H DNA Bt SRR IC B AT RE R BB 2 B § DI BEAITH 5,

Z D ARBHICBI B—D ORKEREEIL. —ASEIRDNA A, 77— 3 RINA
ThHBIETHBILETHD,

CDOWEDE 5 OFERAIL, Y DNAEFD 1 F-idE8EREOEEERNRER &
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Zo TWAHRBEBRETSHETH- T EEY DNA BEFICHENTH D, D,
BT NEHEEEZFO, —FE5RK DNA M5 BRBE NS 300~3, 000 HED—4
S5 DNA BT Z2HIINICEAT S C L2 R E T 2R IETH B, £, BHR
HIZBIT B —DDEBERIT. —FERRINAD, 77 —YIRDINTHB L
THBZETH S,

2B, COFRBAITBWT IDNABS LU P FERIZEY I DI B-N-
YAV RBEELEXI VAT ROY VBT X5 )V (dATP. dGTP. dCTP. dTTP)
PREE LD TERKY 5.

iz, 188 Lk, B DNA BEFlo 1 7= 13 E8mEoEE A T. ¢ 6 A
TNTNMOERICEZHDZ & (REEH) . £ DNA BEFO 1 £-138%K
BEDOBERRET DI & (EERR). B DNA BLFIC 1 E/21 385 O HE
finEns Z & EEMI) 2B%RT S, 512, I OEEEBIL. K DNA
BFIDEZ [N LTz 1 3B REOEENHRTH > TH L., HDHINIETE
AECFIHR OEEEOBEN 5 R 2EFOBEH.. REBLUAMN (FhThEFIE
B, BFIRE, BEFMIM : UFIhs % MEFIEH] LRERTZE8HB) T
HoThEW,

ZDOFEINTBIT BT OMOAFECHERIL. FEHDOEREBROFIADEIEHIH
WTHLUSKRET B, EIORAZEEY DDITERAT L 2ERE. &
CZDOHEZIRUEM 2RO T, [ OXBMEFCE DWW THETTHHL
BENOHRICEBVRETHS. flA X, EAOHFHSEIX Renington's
Pharmaceutical Sciences, 18th Edition, ed. A. Gemnaro, Mack Publishing Co.,
Easton, PA, 1990, Sambrook and Maniatis, in Molecular Cloning-A Laboratory
Manual, Cold Spring Harbor Laboratory Press, New York, 1989; Ausubel, F.
M et al., Current Protocols in Molecular Biology, John Wiley & Sons, New
York, N.Y, 1995 fFiCRBEIN TS, aHIZ, ZOFRHICHBIT S AEITELRR
2V IUPAC-IUB Commission on Biochemical Nomenclature iZ&k2HDTHY,
HEVREXDTFITBWTEANICEAINSAFOERICEDSBDTH S,

RO LBV O OHBEDOHRERAICINIE. BNET32EETFEERD—F
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SR DNA BT, RS2 R iR —AR SRR INA M S RBE 3 0. HHO—
285 DNA BT 2 80 b S BERIE S 2 REN 2. L dAEsko SFIR iz i
LT\ RVEhERTHER) DNA Bo% DM B & /o W R B 2 IEREIC BT 5 2 &4t
TREE72 %, FHITERE DNA BEFU D > ZSHICHIR O—A84 DNA BT 295
LIZ& o T RIS ENEGRTOEEE L ERICERT D Z ENTEEE /RS,

I T D 8 BE 7 R B

Bl AR EERBLUCERIO HygEGFP BT 2 TN TRV TER S
Z A X R pTENHES B& O pTENHEX ORI TH 5. K1 Bid. —&#EO7 > F&
A DNA BTRBXTUE X DNA BT 2ERT 5720077 —PI RRY F—
DBSHES/Ant iSense 35 & TX pBSHES/Sense DR TH 5.

B2, |\ TS5 X3 R pIENHEX & —AE > X DNA Wik 2B

(CHO-KI i) ICEALHAOHMNS VI 2B FERESEBETH S,
22 7 HygEGFP BT H1—248 DNA BT iz & o TE#E X 1. EFGP BEFHRE L
TEH T FINBREL 5,

B 31, BRET5 XX R pTENHEX & —ZA8% DNA B5F+ (fAntiS. fSense), —&
1 DNA Wi Fr (dSHES) 3L TAPCR 224 (perHES) 2EA L -MTLEM M (CHO-K1
M) ASEM LTS X3 RDNA 2 KIBEICEA L. N1 701> BiEm
BREMTHEELCRBEARA DT FSATTHET LB TH B, Fic—48H
T A DNAWTH (fSense) ZEA L2541, 2R A HygEGFP BETFMEE S N,
MAENT 7oA 22 BB KRBT 7V F VB E 2 BET 5,

R4 1%, dsHES. fAntiS. fSense 3L perlES DEFNENOMBIEA BICH
JBBETEEDERERLET S TR TH S,

B 5 1, EGFP BRiEHa SHH U275 A3 RE O BIEL 7= PCR W D&
FRE#SR PnaCl BrFr OEBSIKBIO#RE R Uz,

& 6 1, EGFP R, S L7279 X I ROBAISTOREER LT
HT»H 5,
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RAZEET 57-DDRE DR
ZOHBEDFERAEILED LBV DFEEDDOBDTH B, UTICEFDEED
BB OWTRL < BT 5. |
B 1 EHOHER. BRI DM EFIEHFETH D, MO, FRTREHEEEEE,

—ASERIN DNA D2 S E N5 300~3, 000 HEDO—ZAFE DNA W 2 i ic
ATBZEIRE>T, ENINABEFND 1 FEERFEOEEEZEHT S 2R
BELTWS, 9725 ZOHER. BEE DN B LR I3T0—HERE—48
DNABTFIC K D THIFEE#L (homologous replacement)) 33 Z &ic ko T, Y
DNA BEFIN DML &5 &9 BIE R IEERS (BT MEMERE) 28
3) &, MOBEXITEERS AT B i s) T2mds
EZFHEELTWS, U T, KD SFHR B =285 DNA WrH (41 %1% PCR &
W) ZEREELTENETN—FREHINBFEL, EPAEET > F 2 ABHOH
TR INA BFICER S /501 L. ZORHADFEIL. —248 DNA BT D
H (B AEHELRY > F 2 AH, IFELL X A8 26 DNA BE5licE
AESEBTEZRHEELTNS,

[—Z8 DNA BTFr) 13, BHUERZ SO L 20RE, E0 DNA RS EHFETH
%, ZOHREO MR ik ZAFHOEN DN SO AEB LT > F&
ABEDONTNHA—FE BXL L FEUIL %L L, E5IciFEL <1 99%
BlE, 2UTEERNIE 100%FR—0EFIThH S Z L& BWRT 5H% =i DNA B
DO AEHEMRTHS T & BRPBBORNSIFEL N,

K ZO—FHINABTHIE. TOMEIEBEMTH S, bbb, RistoE
FVIXIVAFROK DI, WRBENFAFOF AL, 2’ -0-Me-RNA. LNA
(Locked nucleic acid) TEfiEN TV INAKTH TH 5.

[—Z8H DNA BT DU X1 13, 2R DNA BRSO & X RENEEDEZICHT
T, 300~3, 000 HMEDHHMN SBRINS, HZIE, 300~500 HEE. 500~800
HHEE. 800~1200 FEEE. 1200~1700 #HEE. 1700~2300 HEE, 2300~3000
BEEEVWSZDINAKRTH S,

FEREY DNA B3 13, MIRENICELE T S DNA BRI ChNITEICBEEE NS B D
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TR, 7/ rBEFOIMNAES. S a2 RY TOINAESR., 5923 RO
DNA BC572 &, HIRENICBWTRISAOBEERHES DNA BRI 2 85T 5 2 &8
T&E%,

—ZREHINABTHICBIT D TEBURR] oL, 8 DNA EEFNIC B 3 Ry E:
DI B, FIZIEE & OEELH (EEER. EERE, HEMM OB
BT, BRHY DNA BCFo—A88 DNA Wi O U I UCL 1 £/ 1385 E (2
~3 0fEEE) £9B5ENTELN, PRESEBRTSEHICE. 1~108
ERFELWY, Xz, BEFAEBROGESITIE. 2~3 0BE., iFELE2~10
BEOHEENSRSEFEZLHERE LTS, Tie—2A8 DNA BHicB 1T 2L #ul
EOMBITIIRFBEORBRIZZ WAL DNA B ORI TR EMFEL W,

—Z&EH INAWTH i, FIZIEBITOX S IERT S &N TES, FAE, Bl
DNA BEFIAY, HEZREZFTLESF FIATRBERE 2> TWSY ) LBETF
DNA E251) THBHEE. 1 28 INA WiHid. SIAEIEE RS ) AEET DNA BEA1
PZD cDNA ZELGR—FAFHINANRIF— BRI, 77—TIRDNAE) TH
BL. BBREFICXOWREL T BROMG EREORS S ITHHE - B L T
RSB EMFELW, ZOXIRFBICE > T, FHMHE T I HED L,
e, BEBIUREIIHNDS TR INA B 2/5 LN TES,

728, DNAWTA 23R 55k E LTI, RBE N TR DNA 2883 5 51

[#IZ 1T, PCR (Polymerase ChainReaction) {%. NASBN (Nucleic acid sequence
based amplification) #. TMA (Transcription-mediated amplification) #%%]
PEBNTBM, THEOAEOHAICH. B DN &iEc—Bs H—Ag
DNA BT 2380895 C EREETH 5, HIAIE PR IHBDOBFEITIT. KEEEic—
EOMBTERREAINS I ENHMSNTW S (Takagi M, Nishioka M,
Kakihara H, Kitabayashi M, Inoue H Kawakami H, Oka M and Imanaka T.
Characterization of DNA polymerase from Pyrococcus sp. strain KOD1 and its
application to PCR, Appl Environ Microbiol. 1997;63:4504-4510). Z k>
B—ASINABIFICB T3 ITFEAOER) 1. #I 2 TRBEGTOEEICHER
LeBf, ERREECHRERZEATSEREND D, IFELIARN, X
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oo RIBET S A2 ROBEITIE. PR EXD B 1 BOERES TEOA Y
—b (SAEHDINAMH) ZHIETSZEMNTES (Drake JW. Comparative rates
of spontaneous mutation. Nature. 1969;221:1132 ZHR) 2%, B L /=—748y
DNA BT 2SR T—RE INA B ELZEE. U ABWET T2 28
BRET B ENRETH S, 3o T, BT X —2A8 DNA I B2 4=5 DNA BLA
CERSEBH/ITIE. 79X RINAIT K D —48 DNA BF - OERIMFE L <
B (ZOXSIRAREEIE. PCREY (=85 DNA BTH) » 5 —2<84 DNA Wi fr %
ERTLEGDEKTH D),

—7. MEROEES ) AEETEIICERZEBATSE Z&Icko T, IERR
BN S (T 5 OHIRZPEWIMEAR. #lZ3R Db Icd
DRZENEEREIRRB LT > TILBAMA I Y —= > VR ELTEA
THO., HBAINREBRETFNVHREZIREBETINEWE L L TERATHD) %
BT 272Dicd, ZORADHERERTHIENTES, ZOLIRIEER
R DNA BB 1 723 B BEOBREEZERT 5200 (Tiabb, ALNEE
BRADIZDHD) 1A% DNABHIZ, TIROERBAF Y FEEHWEFERD,
EREATOD PR IBEONHDHIEI & D FERR Uiz, — 48550 DNA (= & 2 13,
T77—UIFRINAE) NORETHENTES,

EROX 578, —ZASHERIR DNA 2 5 5RBL X 315 —2< 8 DNA b 2 SR NI 3 A
TR UZBAINYYLAE VRV —LPKRMERT—Z & ERT2HE.
IVI haRlb—yarik ATAERY b2RWEBBEABEEDOAHOFE
ZHANSZENTES,

e, —AFHINAWTIE EVHENICHEE T SHBNICEAT S Z &N TE 3,
TOEETIL, BYURBEEES UREBT—A8 DNA BTH & & hNIc R Ed
DHEERATHIENTES, HEINIIEERBRDFEEBRURLT )BT
PURY — MBI AP INAB 2 EE U CEMENICEATS LS L Th X
W, Xz, ZVI bRV —Ya ViERRATEZEBTES,

TUT, ZOEYMENICEET SHEANIC—4&8 DNA BT 28 A3 551k,
MR LD DNABIFIAS, 20 1 £/ EEEOEEEMERIZ L > CEED
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KRR TWE L5k NREBRERET) 0B&ICX. Z0EKERTOERE
RREREEBETDHIENMEERS GESHRH). £, 20X 5 —48 INA
B2, AR EBVIC THBNICEATERRFBER] ET30ickoT. BE
TORELBEREFRETHRBOBEER RS (E 45H),

2B, BETREBORRE U THASNTHWALRIIE., —HEEOSHS T CI

B NFURERBRICRASND LS (A6 UE— Mz L3 ESBEALE
(McMurray CT. Huntington's disease: new hope for therapeutics. Trends
Nerosci. 2001;24:832-838) %, HPA a7 —DIP A b7 4 SBETICS
JBHEHRKER (Forrest SM, Cross GS, Speer A, Gardner-Medwin D, Burms
J and Davies KE. Preferential deletion of exons in Duchenne and Becker
muscular dystrophines. Nature. 1987;329:638-640. 19. Den Dunnen JT, Bakker
E, Breteler EG Pearson PL and van-Ommen GJ. Direct detection of more than
50% of the Duchenne muscular dystrophy mutations by field invasion gels.
Nature. 1987;329:640-642) DX 51z, BEHA—FH INA ITERENDEWEER
NebBETBLIBRREBRTOEET S, Z0LSRTRBETFICH LTS,

ZDREFI DIBFHIES LB EESNIEZTH 5.

COHBEDE 2 DFEBIX. §iEE L RHOFEI L > T, ERNDINAERD 1 %
IIEREORES U < BIRERFAMLOEE £ /- 1B BRI N T
i) TH%. MBOBEICIIFEOHRIZZ. KBE, WEES0EEM.
BrRE, B, BEMMREOEBMRSENR LTS ZENTES, 20k
SIS Nziiiaid, FIAE, TOBERETREIIC 1 S8 kE0EREE
BPBASNIMETH D, BEOBENRBE/I370E UlilaE LT, #iz
WEHCAEEEYE, HREEMEZO in vitro X7 U—=Z 0B e L
THEHATHIENTES. £, NMFUT 75 —DREBE TSRS ICBWTERT
SHIEIZONWT, TOABRITBNT IFHE] BiEE0MkkiEs RBI TS/~
DIZHFEATHENTES,

COHEDS 3 DFRWIL, #ifLHE 2 RAOHBZ2ENICRE T 2 EEETH
0. FICHEYHREOLHMEN TH S, iz, ZOEWEEIT. piTEs 2R
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PO (invitro THEZRI N 2ANCEES N EWELTH -
Th& <, HBVIE—A8 DN B 2 RPITEA X 7855, kPRI DR DNA
BRSO 1 3 72 3R DR D M s e VLI LR PN 25 7 A W L
THoThkWn, TOXSBEWEEKL. AT, O DN RFIOELER
MEBOREE 2B HAI. EETFVEY &L TERATHS. £, Kk
RBETEERSML, HHRSCBEMES i1 vivo AV U—=0 VT 3%
ARCHERTEZENTES,

EUF. EEflZ2RU TZOHBORBEICOWTE 515, o, BE4mics
5. ZOHEOREIUTOMICE > TRE SRS SO TRAN,

ey

ZOEEFITIE. WABYHES X CKBEO I ae— —TFHic. N\1/o

AT VMERET (Hye) SREIESY D NVE (BCFP) BEFORSEET

(HygEGFP) ZEALETIAI REBEL., —48H IN BiFic ks EEBR»
Rl 972bb. BT I A RTHS pTENHEX 1. HygEGFP EEFOI R
> 3 THIEZEE (Stop: TGA) BMEAINTWS /=0, WIALEWHIKES L OKE
HWHNTIER/R HygECFP BEFERBETH I LN TERN, ZI2T. IR 4R
IEHBIO Ser (TCA) TH S48 DNAMH (HygEGFP B=T) ZHIFLICEBATS
ZEREKDT. ZOLREHygECFP BIEFDI R 34 ZIEHEEID Ser (TCA) 1o
BITHENENZE. N170%4 T UiittEB L EGFP DAEREBE NS 2BED
HHEBC X > THERB L.

INKTOWFRIZBNT, HEREFIZFFDOHO INA BHEREHT 51, —
B OZFEFR—REIT2D T Eitko T MO ZEBENEAT D Z E0H 5N
T W% (Kowalczykowski SC. Initiation of genmetic recombination and
recombination-dependent replication Trend Biochem Sci. 2000;25:156-165 ;
Baumann P, Bensen FE and West SC. Human Rad51 protein promotes ATP-dependent
homologous pairing and strand tramsfer reactions in vitro. Cell.
1996;87:767-766.). £ ZT. SFHR OB Z N &R U I BN EET S
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o, ZAEHMNAZES XD S, HEHUD—HE INA 2HM L CRETFEE
ZRTZE. KOEWERETBESRENMESNS ZEMMEEEINS, 22T 77
—VIRINMZAWTRR—FHINA 2R, ch2HRERTYHLT—
AEHDNA BT & L7z D (fSense. fAntiS) ZEEMA L7,

2B, HBITHWASTAS DNA Biid. PR IZEX DS 1ME DR 2 DOK
BN (Drake JW. Nature. 1969;221:11329) THEXhAZTFSZAIRLD.
HIRREER Z AW T =48 DNA Bi 23E L, Ch28skX8~50 (dsHES)
2L,

(1) A

(1-1) 7SAIRBLUET77—PIR

pHygEGFP (CLONTECH Laboratories Inmc.,CA) @ KpnI-Sall BtFr#. pALTER-1

(Promega Corp. , WI) DR UHIBREEREBALNEA U 7= pALEE Iz 5 L. Al tered Sites
IT in vitro Mutagenesis System (Promega Corp.,WI) ZAW CTHARGENER
BARBZfTok. ~HEORKBETRAYIXZ LAF K Xho

(5" -cggcacctcgageacgcggat-3' : SEQ ID No. 1) ZHWT Xhol B EEA LT

(PALEEX) . ZD&ZF R 195 1d Val 25 Glu N2 328, BETFEERE
DERICIIFZR LD >z, ZHBE QKIS T, IEH HyghtFP BHEFOI R 34
KEHETFI—H— 45 Pnall 2. FUITXZ LA F R Silent

(5" -gcgaagaatcacgtgctttca-3' : SEQ IDNo. 2) ZHWTHEA L7z (pALHEXP).
S 5IT pALHEXP iITH L. I R 34 C opal EREZEATBEDIC, FUITXZ L
ZF I Opal (5’ -ggcgaagaatgacetgctttc-3' : SEQ ID No. 3) % FH \2/7= (DALHEXB).
REBDRINE opal ZREFRIC, CIFEBA S N7 Pnall BABBRESR. £
H Y ITL A HyehGFP BIEF DY —H—& UT BgBl BABSEA X NS, ZhTE
1.0 NygEGFP BIZF DRI —7 T ARBIC X > TR L 7=, pALHEXP Bk
' pALHEXB X » BamHI-Sall M fr 2 ¥ & L, NXB U > —

(Upper:5' ~catggegatcctega-3' : SEQ IDNo. 4. Lower: 5’ -gatctcgaggatcge-3' :
SEQ ID No. ) ZMWT, pIriEx-3Neo (Novagen, WI) @ (MV FOE—%—3BL&
1T 70E—¥—DOFRICHEET S Neol-Xhol IBAL~EA L7 (pTENHES.
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pIENHEX. K1 A)., ZITHLSNEZTTAI Rid. KIBES X a8 O gl
FANT, TNTNIEFHR X/ IIE R HygBCFP MIEFRRE TS &l TEB
EPRER S NIz, IN5 DT T XX REKBEHE DI-5 o #RICEA L, Endofree Mega
Kit (QIAGEN, CA) ZHWTHEL =,

77— X Rid, pIENHES O Xhol Wrk % pBluescript II SK+&D Xhol Effirici
ATBZEiIZE->TReENE (H1B). Zhick->THS 15 pBSHES/
AntiSense 3K TX pBSHES /Sense 1. Z31E4 Xhol B dOMIE %S pBluescript 11
SK+ (Stratagene, CA) @ {1 ori ICHLBOREIHEASH, ZDT77—P3IR
NE/H5NS—HHEERR VA 1E. FhTh hHygECFP BETFO Y > F& > ZAEFI
KF AR EZEATNS, TNENOHBASFITHEESE Nael L
PoaCl iICX > THERB Lz, INHEDT 7 —T3 K% IMI05 BRIE A L. 5081l
DT 2EIY 2EF0 XY S5 T—HEE U4, 5nl 2 500ml @ 2XYT i

(50 g/ml Amp) IKEL., BUSERLANS STCTHERL -, 1EEKIC
doug/ml ERBEIAFAT I EMA, BOEEERRRT, 23 BEE. Bds
HE (2.16X10%, 164) KEoTI77—Y2KRBEENELE. REICaENhS
7 7—I1Z, Thul D 20%PEG6000,2. 5 MNaCl IS 2 A, —BE 4ACITEB L /=,
BHEE (18.8X10%. 204)) K&V, 7y—PRILBEEH4. 200l @ 0.3M
AcONa/1mM EDTA WICBE L. 7= /). 7z /=) 7007 #)vhA (171D,
7007 )V AZE> T, TRIR—748 DNA Z|EIX L 7=, DNA ¥&¥#ZIC 25m] EiOH %
A, SR 15 2FBHEL 28, BOSBRCX > CHEBREE, 5001 O HO 12
A Dy el

(1-2) Wrh DRH

pTENHES 1 g 2720 2. 5 U OHIFREESR Xhol THIEL. 606bp DUTH % 3. 5 %1E
BRTHO—AT VK> THEEL R, T/ =) - ron 7 )V aHHIck
D THEIRU 7z, F/—28{RD pBSHES,/AntiSense 357X pBSHES,”Sense Ipmol

(1. 1ng WXL 5U @ Xhol ZAWV, =HHEFEOEIEICKL ST, 6060t OKF
Fre| Lz, SRR—28 DNA OHIBREER L T, Xhol BRALfAN 2 — A8 &5
%72%, pBSHES./AntiSense ® 5" BLUN3 " fD Xhol FAZIZAH R RA U TX
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VA F R ASY (5 -ccecectegagatecee-3' @ SEQ ID No. 6) 3B Xk Tt ASY

(5" -cggcacctcgaggtcgac-3' : SEQ ID No. 7). X7z pBSHES. Sense ® 5’ BL
3 et L S5 (5 -ceceectegaggtgece-3' @ SEQ ID No. 8) B XU S¥

(5’ -ggggctctcgaggtegac-3' : SEQ IDNo. 9) %, WR—AFITH L 5B LE.
HllBR R NSRBI A Tz

B E NzWE. Eh e )L AiE (NAPS columns, Amersham Biosciences
Ltd., Buckinghamshire, England) 12k DR ETW, BHEZ A,/ Ayt 18
UETHBIEITKDHER Lz, BEIL L 00D, %, Z&SDNATIE0us, —
AETE 0pug ELTEH L,

(1-3) BETEA

BETFEARGOR HIZ. 4nl @ 10%FBS & ¢ D’ MEM,/F12 (Invitrogen Corp.
Carlsbad, CA)HIZIBE L 7=3X10°d CHO-K1 Mg 2 6-cnF 1 w 3 2 I2#% &, 37C.
5%C0, FHIATICBNWTHEELE. HEMNUDHREHENE (98T, 5 2—0C.
5 /[ 8/ 2.5, 5. 10mmol (ZHEd 0.47. 0.94. 1. 9ug) D—ZEH DNA
F721X 10nmol (3. 848) D=AFHDNAIZ. T2 g @ PLUS 33k (Invitrogen Corp.,
Carlsbad, CA) Z&E 1491 @ D' MEMF12. BELX 25fmol (125n8) @ pTENHEX
ZMATz. S5 NP LOBOWPIRETEENRICKREREELZKITT I &M
WwEINTWS (Sangiuolo F, Bruscia E, Serafino A, Nardome AM, Bonifazi
E, Lais M Gruenert DC and Novelli G. In vitro correction of cystic fibrosis
epitherial cell lines by small fragment homologous replacement (SFHR)
technique. BMC Med Genet. 2002;3:8) 7z%. IXRTOY > FIVITBWTINAE
A—E (Frdng E725X5. Anp MHEEET %23 £7/0 pALTER-Ex2 (Promega
Corp.,WI) ZEEMA/Z. Ih%z 20 FHBRICKEL 2%, 32ug ®
LipofectAMINE #3% (Invitrogen Corp., Carlsbad, CA) #Erds 1411 @ D' MEM
/PI2ZMA. S BT 20 FEERICHE L. MR LE 3 S ERTIC 260 1 1 DD’ MEM
/F12 2MA T, Wikatd 4ml @ D' MEMF12 TH- 728, 2nl @ D'MEMF12 ici&
B, TIARITRELZ N BREZLEMA., 31C. 5%C0, FAK TIZBNT
A rFaN—hrLllk, 6 B, RINSEZE 4nl @ 10%FBS Z&T D' MEM/F12
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WEBRL, BARKRERT Uk, 51 42 BEEELZ#RZ M) 73 o 0u8
U. lml PBS THeo B B LS EERC L D il 2ED 2. 2072 100 11 @ TEG(25mM
Tris-HCl. 10mM EDTA. 50mM Glc. pHS.0) IZE&R&L. 2001 @ 0. 2N NaOH, 1%
SDS MM ARBPIMTEIR L 8. S|RIC S5 AR E L 72, X 512150 121 @ 8M AcONH,
Z2MA. 4CT 15 P L. BOABEE. isoPrOH BRIk > T, EEMS
TIZXI R ZEN L. FIAIRINAZ20.] DE0ICHEML. - 200CIZ
RELk,
(1-4) BETEEDHROEER

BTHNS L 4nl @ LB M THERLZ - 2. 1Y >N 125l &
D 12. 5ml OFHH/R LB EEHAB L, I HIT 4 RFEIER U /2. KIBEIX 7. 5. 1. 0. 2ml
D B0 THEHL, BRICK 100n] ER3K5% 0,0 2Nz, BEREI .
3z 4p] D pDNA 3T 0. 1-cn F v v TDF 2y FAB L. Gene Pulser 11

(Bio-Rad laboratories inc. CA) ZHWT. 4C. 1. 8kV. 25uF, 200Q D&f:
TV haRb—ar&fTok. 7I9AI REEALEZD-5a X, 1ml SOC
BEHET 1 RIS U788, 50 1 g/ml Amp 300 LB B5HHICHIRNL . —BREER U 7=,
COELED-Ha O—HZELD, LBEREMICHEE, an=—KickoTTL >
rORL—2 3 UHREZARE LN, RERBEWIBEINAN >, BHES
N7z Di-5a ZEODBEICK > TEIXL, 10011 @ TEG KEBEL-. Z3UC
200£100. 2NNaOH" 1 % SDS ZMARRLNTHEBRL 2%, 25121501 Sol III

GMEERA VD L, 11 b %EFER) ZMA. KI5 AEREL 2. BOOEEL /=
EEeT7z /) 7aa7x)vs (L/1) TUEL, =¥ -tk 07
SAIRDINA ZEN L. 2N 2001 OH0 ITEMRL. 2055 1-2ul &KX
&8 BL21 (DE3) BRANLL 7 bR —a Vit kVEALE, ZDEE, DI-5a
ERIRDBIEICXK o T, BL21 (DE3) ~OBEE#BEfTH Tz,

WEER#E, 1nl O SOCHEMEMA, 3TCTIREEELEE,. 200n ] %
&V 0 g/ml Amp BXTX 104N IPTG & 1nl o LB #E#T 37C. 3 BRfiEgss
Lle. BEER, BHo—8%z 1-10 BFRLEd02 Thug/ml N1 /a1
> BN LB FERsEH (HyeTh : 50g/ml Amp. 10.M IPTG) ~. 100—1000 f57
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RMUEDBDZENATOTA 22 B E2EFER LB EREEH (Hyg0:50 1 g/ml Amp-
10N IPIG) ~, ENTHNERTOHEX, 3STCTA>Far—F L, 12—24
FFRER, Hygl ICEA oo —% A, £k, 26—48 R8I Hyelh ICE 4 7=
anoz=—i{d. FLA2000G (FUJI PHOTO FILM Co.,Ltd., Kanagawa, Japan) %\
T L. EGFP D8t (Ex. 473nm, En. 520nm) 2F 95 a0-—%% 2 7. Hyel
TRLNEan=—$2 0/, HygTh TH SN/ EGFP o an——% %
NTETBIETRIETFEBEYREEH L,

(1-5) BETFHOWER

Hyg’h 71— b EiBS5NE EGFP BEan=—2 0w < OB, Z0—%%
0ul OO ITEBELZER, BCTSHM, BUEZTo R, MIBEOREERS
EROSBCI DRy bEL, LiF2u] 288 E U T, rTaq DVA polymerase

(TOYOBO Co.,Ltd., Osaka, Japan) ZHWT P(R 2fFo/. ZDEETSI5A4 T
—&LUT, Tfpro (5" -taatacgactcactatageg-3' : SEQ ID No. 10) BELTX HETT

(5" -atcgectegetccagtcaat-3’ : SEQ IDNo. 11) ZFHWE., ZZTHELHN~ZPCR
EWNI. & 5ICIEE B HygEGFP Bia T~ —H—"Td % PnaCl ¥ 3 L T8 ABI PRI SM
BigDye Terminator v3. 1 Cycle SequencingKit (Applied Biosystems, Foster Ci ty,
D BAVEY—I IO IRISKAVE,

(2) #R

(2-1) BETFEERIOFER

pTENHES 3K TF pIENHEX (K1 A) 13, ThENIERE, 2R HyegEGFP /5
FAMBAENTBY, TNENDI R 341 Ser (TCA : PmaCI). Stop (TGA :
BugBD) TH %, Eiz. —FHEHEERTZ2DDT 7—T3I KRR ¥ —pBSHES.”
AntiSense 3K T pBSHEX,“Sense (B91 B) I, pTENHES % Xhol MEL THES 11
FIEH HygEGFP BT DO—HAMEAAENTH Y., BR—A Lo/ b &, &
neny o F e AEAB L2 AEM 23— RT3,

pTENHES 38 & UA—7<8HER4R p BSHES /Ant iSense. pBSHES,”Sense % Xhol 4L 2
LRI DN Bifr 2. 98T dsHES. fAntiS. fSense &iE#T .
BT 5 A X R pTENHEX 13, dsHES. fAntiS. fSense &3&iz CHO-KI SHFEAE A
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Uize TOT7S5ZAX RIZIZ. HABPHBE TOREDOLDD (W SOot—y—5
LKOKRBENTOREDZDO 1T TOE—F —ic k> T, £EM HygEGP &
FAXHENTNS . BERIGPRIIL 7= & SHEHKEN S EGFP oayehvE
mahsd (@2). I, NM7ax1 > B Khittkeiskn, EEshk
BETFE2AEDICEETZZENTES (K3).
(2-2) BETFEERL

CHO-K1 #HRZiZ, Xhol ML TH SN/ NA Bk &3tic, EHTH S pTENHEX
BBALL, ZOLE, dSHES IZ=FETH B0, 2T TO SFHR 1% & [FIkE.
WRANBA T SEANICALELUE. £ fAntiS & f Sense 1T—48% DNA ¢
BHBN, FTFARREEEME, £z dsHES LHhEE2T S =0, dsHES &
RICABENE 2T WIRANEA U, BABBM5 4 8 BEF2ICHI % 8t
B CTHE L= & 25, CHO-KI Ml C&E & 11/- HyeEGFP BEFNREL T
WHOREEINE (K2), Zh5OHIlEED TS5 A3 REEIL. BL21 (DE3)
NEHEMT S I LKV /ENBINA <A > B iiftEsD EGFP BHoa
n=— (K3) ZHRL. BETEEEEZEM U, pTENIEX ioxt L 400 f£0
TIVELIZHEE TS 10nmol D DNA Wi &BEL /= &= &, —&8 INA BTETH 3
dsHES THX. 0.43% EWo 72983k D SFIR 5 & A0 EEDRTH- 7= (K4),
ZHUTH L. —Z<8H DNA BTy Td 5 f AntiS 13, dsHES 24 % S EEFEES=R
IR ERDA-72HDD (0.156%). fSense ZUEL =&, 2. 0% &S, dsHES
I LT S fERWBRTFEEDERERLE (K4).

ZOETICE > THELNZ BFP BiEano=—20n < onEN, 0RETE
5% HIFREER PraCl (B5) BEVI—I IOV URIE (H6) o ko THE
Ulze ZORER. TR 341IZBTS Stop 5 Ser (TGA—TCA) A DEFIZHLAS
BRIz, £, TOMOEFALTHRIIBEERINAMh>T XD, ZOHE
B HEFIRERENER S N,

Hese ]
KBl T A U7z pIENHEX (2 R 34 IT#IEZE (Stop: TGA) #BWEALR
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HygEGFP BIEZTZRET DT I AI R DNY) IZH LT, PCR EWE R W REED
SFHR #2170, 22 HygBGFP BIR T DB 2 s & Rk IR Uiz,

PCR % (pcrHES) i, ATD 7514 <—1 & TagRY X 5—F (Toyobo &)
ZRWTHEIEL, 3 - %% Blunting High Kit (Toyobho #&) Iz Xk D gk
L. £ dSHES EFERRICU T 3. 5% BRI 7 T 0 — 2R EKIKET & 0 5
L7ze
- 7514<—1: 5 -gagatccceggageeg-3' (SEQ ID No. 10)

+ 794 —2: 5 -gaggtgccegacttcgg-3' (SEQ ID No. 11)

Ml K3 BLUVKAIIRLZEBDTH S, PR EY (perlES) 1. —&
Stz A DNABTH (fSense) &L CHEREDNA <1 > > BidERE D
BHRIMES (F3). BHHEIT 0. 16%THo7z. DML dSHES DE Mg
(0.43%) DEBLTTHD, £, —FEEZ XA NABH (fSense) DZHE)
L (2.0%) DNLOIUFTHo.

EESE L DRI A R
DERUSHEALEEBD., COHBEORMICL-> T, HIFIAN DN EBFIORE
WEFIDRERS @R THOERE, i, BEESICERT S Hikhte

fahs, CNITE-> T, REEETFEFOLRETN2URIBHET D 2 &0
BEER5,
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FEROHH

1.  HIFIPYORZE DNA BEFIOD 1 S/ i3 BE DR 2 583 2 5 ETH > T,
B DNA RS EMFETH D, MO, BRI REEEE S, —ARSEERDNA DS
IS 300~3, 000 HED—Z85 DNA BT 2 HIRNICEATS Z S 2k e
35 DNA RS DB L 2,

2. —ASEERDINAN, 77— RDNATHSERE1 OFE

3. —ZBHDNAWTH A, BER DNABEFIOY > 2B & MR CH BE5RE 1 E721
2 DFE.

4.  HIRIPIOOEER) DNAFESUAS, 20 1 £/ RE BRI & > TEROER
£ TS DNABFITHBHERE 1H5 3 DNTINDHE,

5. WP OEER DNA BEAID 1 72 i A DM #2583 5 35k 1E 1
NS 4 DWTHNNDFHEE,

6. FERE1NS5OWTNHOHEICL ST, BEH DNABSID 1 F7 1385
B DHEE A & N M.

7. ERE6 OMMEANICEE T B EYREE,

8. EEMDNAEFIOD 1 £ EBEOEEOERNER L > TWSKREER
T DD DEHTH > T, E N BINCHEHTH D, o, BlT~xiE
EE2ED, —HERK INAMSFBI NS 300~3, 000 HED—AES DNA 78
RPN EA TR IEE AT 5 & & 2 BME T 5 GRS,

9. —FEERRDINAA, 77— RDNA ThBE:RIE 8 Diggsks,

10. #EH9 DNA BRSO 1 S/ i3 BB OB OERASRE &> TW B ERE
BT 5 HETH- T BN DINA BSFICHEHCTHY, M. BT SHEs
B, —ABHER DNA 2 5B E N3 300~3, 000 HEED—AEH DNA Wi %4
WICHAT S Z & 28T 518,

11, —&SRRINAN 77 —I3I RDNACTHBERE L 0 DBRHIE.

19
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HygEGFP gene

5' Pemy "_:_7; (-l 739 bp) IRES neo gene 3

/ 882bp A
' PmaCl 1

Primer 1 Primer 2

or
T7pro primer XIE-_» BmgBl < _Xhot HET7 primer
l Yy ¢

K————————559bp 3 323 bp |

L S E G E E S*R A F S F D pTENHES
—-CTCTCGGAGGGCGAAGAAIQ_A_CGTGCTTTCAGCTTCGAT——E—

——GAGAGCCTCCCGCTTCTTAGTGCACGAAAGTCGAAG CT A
PmaCl

L S E G E E Xx* pTENHEX

—CTCTCGGAGGGCGAAGAATGACGTGCTTTCAGCTTCGAT

" GAGAGCCTCCCGCTTCTTACTGCACGAAAGTCGAAGCTA -
BmgBlI
¢

— 127 bp 479 bp = 3

822 b
B. Nasl 1——-——"-——>Pmac|

o &
fack

Xhol Xhot
pBSHES/AntiSense

T

pBSHES/Sense
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dok

Sk Jedke M

[\
1

ek
i

Correction Frequency (%)

0 =[]

pPTENHEX 1 1 1 1 1t 1 1 1 1
fANtiS 0 100200400 0 0 0 0 O
fSense 0 0 0 O 100200400 0 O
dsHES 0O 0 0 0O O 0 O 400 0

pcrHES 0 0 0 0 0 0 0 0 400
Relative molar amount of DNA
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L 882 bp
<559 bp
(<323 bp
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6

G BGC B A AG A AT G ACG THEET TT O

260 33 4x i a0

GGC G AAGAATCACG TGCTTTEGC

fSéfise 400 ¢ 300

290 S34 ‘ 300
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SEQUENCE LISTING

<110> Japan Science and Technology Agency
<120> A Method of Base Modification for DNA Sequence
<130> 05F003PCT

<150> TP 2004-34019
<151> 2004-02-10

160> 11
<170> PatentIn version 3.1

210> 1

QI 21

<212> DNA
213> Artificia

220>

<223> Description of artificial sequence: Synthetic oligonucleotide

<400> 1

cggecaccicg agcacgegga t 21

210> 2
QI 21
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<212> DNA

213> Artificia

220>
<223> Description of artificial sequence: Synthetic oligonucleotide
<400> 2

gcgaagaate acgtgetttc a 21

210> 3

QI 21

<212> DNA
<213> Artificia

220>

<223> Description of artificial sequence: Synthetic oligonucleotide

<400> 3

gescgaagaat gacgtegettt ¢ 21

210> 4

Q1> 15

212> DNA
213> Artificia

220>

223> Description of artificial sequence: Synthetic oligonucleotide

<400> 4

2/5
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catggcgatc ctega “ 15

210> 5

QI 15

<212> DNA
213> Artificia

220>
<223> Description of artificial sequence: Synthetic oligonucleotide
400> 5

gatctcgagg atese 15

210> 6

QI 17

<212> DNA
213> Artificia

220>
<223> Description of artificial sequence: Synthetic oligonucleotide
<400> 6

ccecectega gatceee 17

Q10> 7
Q1> 18
<212> DNA

3/5
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213> Artificia

<220>

<223> Description of artificial sequence: Synthetic oligonucleotide
400> 7

cggcaccicg aggicgac 18

Q210> 8

Qi 17

<212> DNA
213> Artificia

<220>

<223> Description of artificial sequence: Synthetic oligonucleotide

<400> 8

ccceeeticga geigecg 17

Q10> 9

QI 18

<212> DNA |
<213> Artificia

<220>

<223> Description of artificial sequence: Synthetic oligonucleotide
<400> 9

ggggctcteg aggicgac 18
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Q10> 10

Q211> 16

<212> DNA
213> Artificia

220>

<223> Description of artificial sequence: Synthetic oligonucleotide

<400> 10

gagatcceeg gageeg 16

Q110> 11

QI 17

<212> DNA
213> Artificia

220>

<223> Description of artificial sequence: Synthetic oligonucleotide
400> 11

gaggtgcege acttegg 17
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