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WD 2009/ 002150PCT/ NL2008/ 000151 Titl e: Tar get ed
nucl eoti de exchange with inproved nodified
w@Rkhogomisd eoti des Field of the invention PAHINL2008/000151

present invention relates to a nmethod for the specific

and selective alteration of a nucleotide sequence at a

specific site of the DNAin a target cell by the

i Mtirtdauct i off aingted etch atu 3 epdlildeofe xah apidieg oiitkdl dotingeed

The result js ¢ Al eted alteration of one or nore
mOdlnulc Jeo(%sllqL osfjnicol a]toae{ e sequence of the target DNA is

converted where they are different. Mire in

particular, the invention relates to the targeted

nucl eoti de exchange using nodified oligonucl eotides.

Theriighderdf dthe Unveartibhh rel ates to ol i gonucl eoti des

and kits. The .invention also relates tao.th o

ATIS ORI O TR SPh o L Ak o th AG hd AVdiL | G it ic
and @Neldic v di i Gait ioh i¢E thaeyulasasisdofsatpldhes aftely dhecific

. creating changes in the genetic materjal of |iVing,

site@f FhG (A HE' furtpde ofCHoditY i T it 1dufdrien into that
cel9efetdcallgancades kol agicaleprioperd ivse datdwted

cell, or of the organismof which the cell forns part -
altegatipry afhidie (AT S S dgEnHGitde st £ afardgs ence of
the t3k&dtheoNorn Adoflalald o rPats, ofrd he HRNRdd€. dbre in

material, addition of exogenous genetic material, or |
partdifanges ithe HerveliEiidmg Hirdsotidd e diemat et rufeleotide
excHIENRS I s 1R eld Bl £1 MetdI0dR fiRn ddte ganetiie madidd ©add Ofurther

of "eukaryotic organi snms have been known for over 20
relates §50 andi dric fanindled dexhridde apple daigH- 1N it
rel AUBN ANG AN IR 5 LR1 G ad dHE MRt 1fo O gani sms f or

I mprovenents 1'n the fields of agriculture, human

health, food quality and environnmental protection. The
c .G :ndi fication consist of
a%%%&gﬁqﬁéggﬁ%s to the genome of a
celdnetvifd ctodiiflilcathem denftére pree pr aferde/l it natagly

cre %gcgd%ipseaﬁo {i ag‘gpsergxqoe\sl eelrtnigcn gnéan gegrvj(eallltn Ecrefu g.f)lnxglrr{)%éiless with
the 200H QP 150 RS INLYAGRB/HGB0XH1 more genetically encoded
biological properties of that cell, or of the organism of which
the cell forms part or into which it can regenerate. These
changes can take the form of deletion of parts of the genetic
material, addition of exogenous genetic material, or changes in
the existing nucleotide sequence of the genetic material.
Methods for the genetic modification of eukaryotic organisms
have been known for over 20 years, and have found widespread
application in plant, human and animal cells and micro-
organisms for improvements in the fields of agriculture, human
health, food quality and environmental protection. The common
methods of genetic modification consist of adding exogenous DNA
fragments to the genome of a cell, which will then confer a new
property to that cell or its organism over and above the

properties encoded by already existing genes (including
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applications in which the expression of existing genes
W Il thereby be suppressed). Although many such
wex@apbHso are effective in obtaining the desiredr/NL2008/000151

roperties, these nethods are neverthel ess, not verz _
appﬁ)r%ews@s bER HRECHE heP® FEPHRSTHM rof SXbykinghgenes will

the SGRPMBE PASHEL ONSA) N A IEdu G enLXPOSRON Se TN f & agaBat S
are inserted (and hence over the ultimate |evels of

effexpressipribtah pecir dehbr desPFerr i ieet WrePe nagehods

are LB eplsd t5el froMerptdie: fat usalaREOPERE}£S; §NsUEENt rol

by the original and vvelﬁ) bal anced genone. On the
Oveﬁxﬁhezﬁ%ﬂomﬁﬁrRQ%l%#OQ@-@éﬁ@@%%hn%@@f@%%@@@%uﬁh%NAmf¥$gmentS
are 'f %’elttécf] theq addi Ld O@veﬁ%ﬁé'@ftﬂﬁa’@@”l’@&@l@”on

nucl eotides i n predefined genomc loci wll allow the
eXpmm@e) ,rmmdﬂzectam\e ofhexistirgd gehksct will have to

%\%%Aeﬁlgﬁo i &trelsitT pggdle ewﬁie@t SeoFx6 Oene

IS a |ver in
orlqmllareml«aelybtb@lm&ad M @us. dn siine he@n‘erary, methods of

gene(%lcgq{]ufllflc%é@leg %gb‘J[fJE P&é@i?tiﬁ‘guﬁé 5‘&9{{}% A deletion

retc nuc e noleties t rese
or ENversidreiat Msbepﬁde::k basepaief meproperniesloputwill

be chem caII ffer v and
all%o%he e Bi o '?tlc% éj‘l %%%%%4&& Nat ur e
Zmlﬂlgnmnfﬂreﬂtlds&dﬁ%gtaﬂ@]argenm Ntﬂcle@btme | ExEsdnge
12. 632 003) del | ber ter desi
(TNEbchI %ot |n$|eet2kfl 7 %}eq%ojn%l 04y K gRrpArc: d?qf gry TRegs

sequence 0
euka)r}ychmrwodabl irte;ldine of ssmtmmetmml @big@lrma:rhgotr@euse

hanges in the geno ene B
(mo HRIS G LS IR o O prE s b e iEl ¢Sl ag Like
mo 1 diicd £t e srd serithibe tEIQein th’h,ttlﬂ‘rﬁly'a’b@or&ﬁrpfi@]d b@sepairing
create stop codons i ]S e resulting.|i
ProRAGrARR: G oA ngs THTTOIY Pt o tsabe b b ol falexeev
and clft%fgeQVaweéﬂEwgemmgenem encyi NgL PI B} ERNSe W mture
altered anmino_ acid conposifi1on %pr ot ei n engi neer| n
T

Bioteaa bt e nutd ot 3 el extEhietigre 1Ras! BEAL - 1632,

200$esaiy hed 119 Pl @t y (?é‘éf@rhx@g?% Mﬁﬁéﬁa@&“ﬁucf@@t{&é Sin the
NE reports utlllzedaso | ed DNA: R

homaldqy corgl et af ytlo .W%w@cﬂ%tth% BeITYhe to
nucl%}f@f&@ln@i £ alaidhe simmsomlfargetonid eDNﬂ—h&?e%NAnce This

i mera contains a m snatched nucl eoti de on the
methad andl etmttizs c#@werw@ t@hpt el e oL i Ji rieeRiei gt the

nuclr%gtfll,lﬁSI hg ﬁ(;fl s So&?& A&y 98 . o Jbei dired exanpl estop

DNA RNA ol I gonucl eot i des cane
cod@rsamrarﬂxmﬂitr,regI@selqer%,vlre@\%elt‘rmgvm a disruption of their

09/ 00 ;\%%Q ]%](EI{ C £t 1 R00d,,
fun&én%"l’h%rlgt%g@g{ Cg%p te s%lvrefér@e%ealrﬁ% by ér)ranes
encddiboy atoviesnhasi showhteted amiendINEfd echermyl*u:s@rmg(proteln

uch o onucl eotides is variable, and on average very
eng]{ne& rlnéfj)gdepends on such factors as the

t r’.lanngqu ironal et mteiseEclofnghe( TN )geta s theen e sendeed in
plan qD’\ﬁl c| E a{]dcé:fi% %/}Pee %{ﬁ%fﬁﬁﬁep%%gygs u&‘&fﬂlzed a
rIC I gonuc eot’i des as al'so
so- GhﬂﬁHHHDNAERNArs¢ﬂﬁﬁnompﬂémedﬁﬁmyfm&ngmnawledﬁg@e that is
designed to intercalate at the chromosomal target site. The
chimera contains a mismatched nucleotide on the DNA strand that
forms the template for introducing the mutation at the

chromosomal target. The first examples of TNE using chimeric

DNA:RNA oligonucleotides came from animal celle (reviewed in
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Proc. Natl . Acad. Sci . USA 96: 8774-8778; Zhu et al. 1999
Proc. Natl. Acad. Sci. USA 96, 8768-8773;: Zhu et al.
wQeod/odasur e 10 Bi ot ech. 18, 555-558; KochevenkOr/S1.2008/000151
2003 Pl ant Phys. 132: 174-184; Okuzaki et al ._2004
Igoyghgita c%ﬂahep?%lz Gejprg. F195aPY b gehet af 99t hefxtensive

resd JRAVENCT LS ¢ e%éﬁ&dﬂ@t%@'%w@n%%'@% By df £Squency
were too | ow for practical application of TNE on

usmmm@@n é@lwﬁ@%m@ﬁﬁﬁ%ﬁms o iabTnE S| Yy RERRPFcvery

ow Ol 4, 949NHe) &?ci afac@tcflpémgst@n@etgérﬁiéﬁi‘ﬂ){lé@al status
reproduc Rui t er et al. (2003) Plant Mdl . Biol

of TH&- Wazzgget/retsmﬁe tmﬂ@lu&ﬂ%&e sehridie ferlal exrhatane cell type
traﬁg éﬂ?ﬁ Vi NGl ADE réﬂié@%&bi@@@l&és has
ever a Or at Orl es

ocusse on the use of
alssibape @emm@cbt(%)lm(plﬁmgmlblEeotB%i@tshéImretrNEl 1999

- Thes h t e r oduci bl
e R
Nat2002cic. %idSUS%S96,3(B7Q27~4€27"237502hm evtes]. 2000 Nature

Biofey e-kh qa/ g%o%é Y?f%ge Tl ap%@/&%sli %gégfémmz

17491@@13501151@2/@(13@%1 héQOGéi‘lePM@@e@élDfRJ;NE zan H@9-512). In
m m cked in V|tro usi ng total cel lul ar Ig}:otel

genesatacthe SRINEHS Froathe akt iRety %nEa‘T‘n‘edaI&eIF?l

studf &8 WSSaYSoo IFher S Sewa d W@l Vespp hecd €Peh roPfTE on non-
nmutation that inactivates a bacterial reporter gene

selqaiaihl ascherosmah ki bi oti c resi stance gene) by

| nopbat i o, fcrﬁnﬁéﬁsé"cdl ﬂﬂdl%%‘s ad£pPrd&®rfound to be’
together wth an ol igonucleotide and cellular protein

dif fromt parterediceelRuitpe. eafabr (HRUbat PoRY tIH@lssBlol
53, P&ﬁm’g s glaetdoporated dotaE £&o 41 bighy | $e used

a readout systemto determne the TNE efficiency.
oll§r¢re1@b¢¢tid@ed@§/sqrmnm@mgmmeﬁelmleb%m%ﬂeﬁ whereral

oA E T BT 15 0 P ob e 000 O oo
011id@80; Gamtpete 2t fat . TDOM et diavAchelsn Regunggto give more

oo AR5 508 AL Sy A P A 03y O o a1

ZOOZBeMzecJ\@dim nzeaesﬂr 31195 2040 -eith &i nlgdaméﬂ,st}?amﬂehﬂ Olmedo et al.

2005, G468 e hnd e IO PHD St i 1> TEE LN Rep.

25: Asene®t. al . 2005 J. Gene Medi cine 7, 1534-1544). In
such experinents, the nycl
Severapl groups have s ov%‘? U}S eo“edepl?ééeegé SOP TNE can be
mimicked in vitro using total cellular protein extracts. Such

assays for TNE activity are called cell free assays.

The assay involves the repair of a mutation that
inactivates a bacterial reporter gene (such as LacZ or an
antibiotic'resistance gene) by incubation of a plasmid carrying
such a reperter together with an oligonucleotide and cellular
protein from a particular cell type. After incubation, the
plasmid is electroporated into E. coli which is used as a
readout system to determine the TNE efficiehcy. The cell free

system has been used in combination with both chimeric DNA:RNA
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substitution, usually by changing a stop codon (TAG
into a 10 codon specifying an am no acid. Furthernore,
wa b@9edibo free system can al so be used to st udRCT/NE2008/000151

ossibility of using ol i gonucl eoti des to produce
(Cokemjieawwiei @bt fde LHAS8rVE6hgicPRasdArdBecaniihe pPéduced

133@4&%@9\/&: 2,31 nghgonNGLeat Ldg-dabeked, f59M 41882-4339; Kmiec
acterial reporter gene, generating a frame shift 15
et ait 0@h. Planthé. calt fréelaésayicehetdelet POA1i 40: 857-868;

'Thoéggﬁ% gglgz2ﬁﬁgi5i98e8£ %Qg%gfhgtéfnygg%?ggsggd single

ol i gonucl eotrde.
stratdgbmici gotidbsotbdtai Nigguchevaretoaé. eR00d Gene Therapy

o, TETRY (et el afr ottt BUE EPPabPetnuar bort BocoiAED ©f
al.the20s! arget gequense. 7, 1534Thsagyeatest problem
facing the application of TNE in cells o

, f higher
origari iR thedr HeeRF int §N¢ O+ HECTHw 2P FHEE eﬁag?e?‘hat a
subd¥@st Reedh | epon s ety s f@ﬁanéﬂngaéz§tgbuc@&oﬁ|(TA@QOQnto a
Nat ure 25 Biotech. 18: 555-558) reported a conversign

codqn exRRGMEYY BT 125 30120 &pbdeqiehtletheres Fhct eBatcbree

systdPchayenke, ebe ahsed003 Ftany Hhy o§§£biﬂggy}8ﬂ)uéﬂﬂg

~rice (GCkuzaki et al. 2004 Plant Cell Rep. 22.: ,
oligpmEiNtiiee FepdFPRdCe r ehuehRi R3ChPOLI e 1008 RRYINR -
plashrdk T&SPest i ¥ebyucdhese; £ egaeach e§iﬁ|\€i@' AutP8ot Q¥E deleted

for the 30 practical application of TNE TNE
fromystitrgy ke trerial DNAPRRAC Bl ggonucy et Fdesnaas beene shift
SCI i 0 e P, nN$g0 ; b
L er Ty B o WB017 5000, Uo0T boTogs, o repaired by
add \Mpioa 870 174he Vobe 587 02ucVeolide madiyweld/ 2v3sae In WO

: jt.1S at eqd. OM: i Gk enc
i e S e e T
more|&¢:gormcheot ¢desde sndargel gimel l pvede sonbelnheheetarget can

of. _d io he d r_olj I j y:
215, b AL He Ol o bl 5008 AL REsebE Tt e
tardée seqactno®m. m xture or the target cell. To renedy
this problem it is proposed to incorporate nodified
nucl eoti des that render the resulting oligonucleotides
r etiestarda agat st omleh ebsedng Tyipe capbp bkxaapl @s ¢ hcTNidein
ucl eagtides with 5. phosphorot hi oate | inkages o
cel B o RATTE aved BRL T Rase ot ¥ BAET ons g Low efficiency
thatpriefersddy tosateddasot herents moditheziohi gonail e¢pdde, Nature
. leaving a t DNA donai,n surroundin he m smatc
Biotaa both HeS Fib S hor hBPGS CEReR SUBI TRt 1 O EEeaParReSt 1 x
107t hatpspgGEhLC sehankealini Rbehaehi QRS cALeenfvolated 1. 2003
bet ween the 10 converting oligonucleotide and

th
Plapf ofleyhs 130l Y41 B4t hen@ohve? siOhuzake effadt 2904 Plant

celBUS, Chesm cahol 9i &f aﬁéiz@n%g%?r@é@df@@q@élﬁ&ﬁ%ﬁaﬁ 1 x 107° and

resistant termni using no i cations other t

1 x pHbsSpherpeRiéardyl-i Akages forarenginst hpmadnaltegudow for the
praé{¥§?fx§ ipgatyoﬁhgﬁofﬁgpnupleotlde is inpossible to
predict because the 15 proteins involved in the
al N ats iorg prlovessianNA ik chegvratleot edastian heeh

sesf5p0LBENUCk 01LE5, BVORLLLHETLIRR EyE0s oL OGS snces
alide i edh@ieB002, WO03/027265, WO01/87914, WO99/58702,
W097/48714, WO02/10364. In WO 01/73002 it is contemplated that
the low efficiency of gene alteration obtained using unmodified
DNA oligonucleotides is largely believed to be the result of

degradation of the donor oligonucleotides by nucleases present
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TNE using nodified single stranded ol i gonucl eoti des

has 20 been described in the patent application WO
w@2020@830 Thi s application denonstrates the ePdBEL2008/000151

nodi fi ed nucl eoti des, conferring |nproved nucl ease

in tirfé%.rs%w@eorbrm%@%.%n%? corrert Rt nel@f FeRe@NcHhis

prok?ferH—NE US{ DG ENeo &84 |t d I BecSHSE EM ¢ THEI PP CRLE DEot ides
oes on to show that the nodified nucl eoti des 25

thatidlé@n ¢F echaisiog t ¢ e} 1 goiec 55 bies Wil stant against
nucié‘&@é@orﬂﬁpcéf Sy % 0d & GONUIEL SO (&) c B 59 £NPBIcE TNE

a manmal 1 an chronosomal target. This confirns that
phOWﬁ@mmi@mtegalmleaqens tie 2'mQiRehrktand begs askgse s

modﬁ;pﬂ}é’g%§ éf]?v f%oi@ég'{@(h <J:1 Cﬂ:he T&‘l&s of the
a Cc al rrs

application hat several nodif
ollqmmhcebetqﬂd:e@e elepvi30y Go- cmr@tplyanb w|mmmssumum@mg the

s RENES UL 10 o, 10 DU L4 B oo

thatnﬂpé¢x£ﬂ¢cnhem1maﬁ;ﬂntﬂmﬁbtlmmst¢mﬁcﬂmtﬂﬁﬂﬂﬁehﬁtwﬁen the

. not_al t ' I
confhbl 4o G SR Tt 5Ll 2 By SeansL oL
comaafndsrcapalt?haoﬁma:ty 'of Isuconthestcaheldermnst rate to produce

this Ilcat on that several i ed nuc
nucjsehao%ﬁ 5 ahrbt Bitdihg acti Vit %ﬁnla%aet Oné M%%Z%}@%D/
phoﬁﬁﬁbibtﬂimﬂtﬁﬂlgnkagﬂﬂINE 2\WOD-methyl analogue incorporation
: 009/002150PCT“NL 008/ 000151 Jb t he TNE I ocess and ST
in he PRI EH STt s R Pess of MR FTed nUtT&dtTdes ®
proﬂéhﬁ&elﬂWEl\mcDCﬁSStmrHMeﬁEtimd@B@i@ésl ad tttee bastisemical

of h d Dbi affi ff
i Qfa STA0GEAENL 19 BLILDI e S oy fELANSELTLELENEY oo

knov&{ adred, ey ausly,tdetive einhddn o ad o flaspd T E3TEporé®tnot be
q? dellvery rates of the oligonucleotide of 90%
pre@ﬂ% is aneed in the art to cone to nethods for TNE

t hate 105 P mBd ier iefd | Lirgite sﬂ@m{dﬁwg:ngdmﬁ:mcasms has
i nventors have set out to i nprove on the e ;; 'gg TNE
beer GAHIoH TR TSar (i G of RN FaivETR | W GG 7 Elentiis
appliﬁ%ﬂﬁéﬁfﬂéﬁbﬁ%ﬂ¥&¥éénﬁﬁktéﬁ&eéﬁ’éf“%ﬁdﬁﬁfﬁdrﬁhdié@tldes,
conbi nation of nodified nucleotides into the donor

con gy gl cHEvE PR FHIC HNES® HaR S e adll et kit HiRmgcleotide,

on Y & £f{ ONH oy LOF U aceuy Orfh@l\wemaﬁé@esystem The
correspondi ng unnodi fi ed nucl eotides |ike

appIG Catheon atREHIIORNE Xart beShor ridiafed ke gm#%%%ﬁfi |rg/ucleotldes
ideW £ HOLE &E&J?-@%ym%fw’ff@gﬂyyséaﬁ Z@u&ﬁq%%ﬁrporated in a

I nventors i eve that by the incorporation of

ss g dnewl erict ot i alexe ienlrndrRe BHROT oF i TGRHLR] Bt | deromosomal
tar é]l? dﬂ'lf'fé ﬁﬂﬁ%l%ﬂ dﬁi@éﬂﬁ’é‘cf’&{ egac‘frﬁ@&‘giﬁ/ El’_?_eNtEbﬁ vitro

cceptor hence 1 ncreases the ratio of
cell free assay is applicable in vivo at chromosomal loci. This

application also claims that several modified nucleotides, e.g.
C5-propyne pyrimidines, but not locked nucleic acids, can also
be used to improve the TNE efficiency. The authors state (pg
16) that “the modifications incorporated into the
oligonucleotide will not alter cellular functions that are
responsible for biological activity, in this case recombination
and repair activity”. In contrast, we demonstrate in this
application that several modified nucleotides showing enhanced

binding activity named in WO 02/26967 are biologically inactive
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Furthernore, the present inventors have found that the
25 ability of a nodified nucleotide to enhance TNE
WO 200988216Mm two i nportant properties, (1) its |iPCI/SRI®O8/000151
~ binding affinity to its target conpared w th nornal
in Wﬁgiwwm {2)2 iREEHI Gy cof Betivpefutpess of
mod i d NE Prasesse s At 1 SENSENE 6ohnal D9V &h 86t Ubd | hZ@S solely
ol i gonucl eotides to induce an effect in the cell. 30
on fhe sl caxfe arHRmteddnirdEul i afelsiakey desi gned to bind
to the conplementary target nmRNA. This DNA: RNA hybrid
is recogni zed by RNaseH which cuts the RNA strand of
the hybrid, inhibiting gene expression. The
Ol cl A ract.erd sti ' i Adj ;
P Ty Sad CrRATecd nuk] She Tasi S anel phchlg s
relato 3E bt n(am stfdfted ineewimusiens ogtespomsel ar andl $8

. ot s . . .
desi g R P P RN P o LPosA el ide of
90% )nudleew iides heesd bgertheport db igrré tee atefeod\For TNE that
2009/ 0021.50PCT/ NL2008/ 000 t it C
2re R A Tar iRy TAna ot e el iy e g areve set
out araucirgdrcsteepri stHe aeimonistg diNE ttethrodigonucl eot i des
cont ai ni ng such nodified nucleotides remain
bi ol ogically active for the TNE process. 5The present
| Deydrdptioay o fuste titareatlilod ree systemto screen
many nodi fi ed nucl eotides for their %Ei lity to enhance .,
TNECaRd $78M PSR tHat IS hrct e Pradi oY et gyrPorating
a cordithatafor her plyesi Ciadd proepesdd ReHfidthe twdi doesr
~nucleotides. In addition, the present inventors found
oligopmchagii dodigy ddVE 0 Ttic | B6t i FeRIe Pt PRI "R
strdi rdd a5 Ofad s sl diganud edd esspdnd 86§ unmodified
inhi'bit TNE in the cell free system Thus the present

nucliqpidimtesy e d i dentli £ i¥d Grodilts e tict Bot M Hes2R Nt

incid & Pagidr i fnd pr avi b dthe,efdd doaney ©F thNory, the
itself. Furthernore it is believed that the present o
pre s tg o et S e 1ise i it adividie algeeeisporation of modified

nuc A epchem Gl i disat | &l 1 FONfd E@EdONSthe dondhe
present inventors have found that oligonucleotides
oligmmdiatitigleons rsts msree | NBeertl host thlomsa eFerieot DN and,

henéb"tir&%era%céé Ynadi acent £ opgge msmatch , i.e. |ocated
at a di

stance of at | east one nucl eotide fromthe
- miBmdthetrmane 2 0 heo msiasdri tor 'Wart @& grafps neowndi Fhalg the
P N6 ANGYAL, O Pr ARSI 14 ORI OhESc 1 ies on ¢
abl%etlgyg&%ﬁzapqéog{dﬁ]%cg aslrleer;or opynyﬂl(ggee E%m%l::lﬁlf eo@]ﬁdlées)%e? on WC_)
impdm@Erdy e dpee teifdfd ci €Encyl tof IINE qaseth hindierg oaffinity to its
unex t . o rti ak. | e h :
tardiiEXRAHES SEHM nd IR DA A AP Snd P2} L
biolsysitee dmitividry ifst drioe TNE p2cem ot ophassenystepchnology
To t.hi.s end,, .t he effect. of ' i gonuc ide
alsq nuctol:hplozreast ity B ore Orcrtolrcgeﬁ_ql\é%m%%l%% egrgréﬁgér %9 fn the cell.
In triopyadeattace micl gotidesoatdemsra i sdeposgnednso i mindeto the

com;%(%l:,eiérgeorgUdy: t%&egw.nﬁiﬁu%@:ﬂATy&éfdtbg f:eeclzcl)gnized by
RNaseH which cuts the RNA strand of the hybrid, inhibiting gene
expression. The oligonucleotide characteristics, improved
binding affinity and enhanced nuclease resistance, necessary to
obtain an effective antisense reéponse are also characteristics
that have now been found important to enhance the frequency of

TNE. Many modified nucleotides have been reported in literature
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30 The TNE activity of such oligonucl eotides was
conpared with the TNE activity of oligonucleotides
wora@e/0015®of nornmal DNA or of ol igonucl eoti des POENL20®8/600151
only nodified with LNAs or propynyl ated nucl eoti des.
thaty tshew ¢l t SrARARTFY ORI ERY | ﬂégl%b*ﬁf( R PRAYE onechpase

resTDF EndNASL A POSI L1005 T espysd; at th egdshoRPerdde that
~nucleotide fromthe msmatch in conbination with an .
oligortebst rdaroeentain hrdpyayh sfedl hied o retides remain

bio%%{@@f es@f?iJé\'Efﬁf&ﬁé efgy P5cboth substitutions

Insertions in e cell free assay to WO
200% QOHSOPCTINIZ008/ D00 ws¢@vidie e herfgee system to

scré;%ﬁ%ﬂe%er%}ctl%fl@@rﬁﬁ&%ﬂl Y apl AGEOUS ezgkgfig& W& €enhance

|1 ev Insertions of nucleotides, 1.
TNE i ars@ria vy Dmendrthtr etinue| evtidesbatpredl veed gogi $tedy of

cno AR PEALGAALIE 18 USSP eI (ieluBcy 1
addenihanceche present ivaserdtuwthefofimdinthaharanhimodified

enhancenent coul d al so be, aryi t
e T whar 1 DS 7S t S DRSS eled o g Snse
oligmdid itk tdé gaict ot | desiwetr eTNIS eth fone TINEL] nf teomaspstem.

| eaf protoplasts where they gaye an.unprecedented 1 ,
Thug e B T MO GOCTOL | Uer Bl S ek By TRereotides
that NAse adePbSid | tedimbirdensd Zhauet £oticesy aparTNE itself.

referably at |east 3 re preferably at ]east 4 .

FurRE ot 17 MG T LT R FodnarT SRR g S ot ides
prei%?ﬂ&ﬁﬁhéﬂtéjébdiﬂﬁﬁi?éﬁﬁhffﬁcéh:§n@e§QMBiJBIﬁ§nfh@mrations.

the 15 i nprovenent observe S cus-i ndependent :

| NI RTTE et 17 GOrUCHEET | ¥ D e § myBHt T ol e
cont®th i@ hbraich eahd fesLM s paf tpEst 8 oo St 1don St € orpat etot

.to the msmtch are capabl e of lJ?rovi di ng, enhanced
(dife@ghieh 3B ANTNE | 1'% BPEed Sl i ndependktta et , @
distSaede asr i 4k pl sd+ adKk anhdPEo€RHS SErdP Thee pieseitch, in

invention js thus based on the inventjve consi derglti on
comRinpatigne welsh r%ﬁ'R@%@f%d“%%f%%‘?i%l%r%h%?%;eo%a% pRropyne

mod A& f}b[iciﬂ?eélsﬁt&%eﬂ@éf | ¥ndic&edtadsto lated
referably at nost 40% LNA nodified oligonucleotides
nuckept19eF t hErP 6O i HoroblHyl eted of i Gohut? et ifelsherto

unegpﬁ]@c{%aéi@éht,tyﬂ? o poput  ohp 25, 800 fd CaE £ 00 Oficy of in
the oligonucleotide can be varied within limts as .
vivai TNE bel dé sci@seth heres hl beregy. systemTheupreninstance in a

' I O , i n one aspect provides LNA nodified
pro{aﬁydfypér%p 53/tPéa\Jnt§'ed ol i gonucl eoti des. The thus nodifi ed,

sskol i giohumidottildes thar beoLiseging ¢higoticee spededs i c
. neti.c. 30 chan ' ' I
inc GRS AT GIETE T Ll 208 J0 B ot Ty Lo
nuc Yesteatedh, atagracidd sireo sindi ¢ws comstheicel speridleatige on the.

credBBATCLR A ST EL o DCLYSLOg, MR Tiresriontea.
The aINE genei ¢ htey apy . s B8EThel seouentecofdan whs gommusd ead i deth the
TNE(gc%{$Héyvgptéfgbéghcleotides made up of normal DNA or of
oligonucleotides that were only modified with LNAs or
propynylated nucleotides. It was found that oligonucleotides
containing one or more LNAs at positions removed at least one
nucleotide from the mismatch in combination with an increasing
amount of propynylated nucleotides increased the TNE efficiency

for both substitutions and insertions in the cell free assay to
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honol ogous to the target strand except for the part
that contains a m smatch base that introduces the base
w@ebapge21s;h t he WO 2009/ 002150PCT/ NL2008/ 00015 1PCHNG2&I08/000151
strand. The m smatched base is introduced into the
a lewehebishgtbpcenoByeruapfpul at PagtipelabdreveatpgRous effects

weréCQ?@?@?thQiQHnY§EéEQQ§hsAbfghugiegfi&%s9fitB@ inserting
nucl eotides, and nore in particular, by nanlpulatlng_
onethe horatheplendidapuat af IbvandpesthiPBnabf tReparticular

- i C ' t intr j h, o
in Sh, OVUCLOoLLAS, | Daty 2 OCYeERIL0e PLEPBLED, chDSecriciency
was changedlatethendedi red position in the DNA dupl ex) can

be_.i nproved. t S .t he i i b de
e OB AP RS 8PREL Ll A NEDILRE EERLIE o ve
impDbifedtbandatfingt tlséronubesegnddoss tandls bgfcbheablNhag

t he parent DNA. dupl.ex, w.t ' t] t :
oos 187050 AL EPRL N ML B0 oh SenucLegt LdeaLbel pye o
tomdte basfnprstopbhastahehera theydgpamoe ahi gopuetbedented

, cont ai ns section that is.nodified with L at. 15
incEERt 8 IR P2 EH SoneC Tto e ot it BhehPRy bag oLy are
posibatnéheaparenst (acoeplos) sdeandpant f herpfesehte of least 3,

grote'ns éPat grﬁﬁca abl e of targeted nucl eotide
morexRhahge~+y 4 3% the inventive gist of the

inM@ﬁﬁﬁé&h?i@ﬁiinvébefé@TmoﬂﬁﬁFmduitu¢Meobindthgotide

capacjty of the oligonucleotide 20 (sopetjnes, referyed

chafgPaet M UohIrs i SR HGh (TR oM Rt BaboF oF AR Fy E B

impt &kt dbhsetv ol i goauTheet  tedepbedaehy, t hbadidAting that
nmodification is | ocated at one or nore sitions_that

oligerugbeOo et et F%eth%V%?gh%Tc%lgmdmaﬂgféBQ PUFifgrides at

par Pl ORYAY! 56 &0t Dok e6bhEgsear €01 FIEOIROEEAE€ENI Breheapable of
ol i gonucl eoti de, typically, 25 at the positions that

progteingtenhreaey LRRIRBATIFedantNhotNat PRECHBSTLPERPENdENt

man®@ér I he Ak SARL €R. p1ant aAdVanimrgeoss11esul ts have al so
been achieved with insertions into DNA stretches using

t Heh®| PERTRIET cb Y efesl @ cb df NeS tRAT R PhvEREi BRVERERVE

conSPALLREoh N, 200 REORYHEr 30 PRESEL£QLhORSeot t d¥ASxchange can
particularly surprising to note that other nodified

be athioned| vt tiesushael aperkhowhl i - tabrBepye80po preferably
at ﬁ§%§°¥§% 'ﬂﬁAnﬂoﬁifi@ﬁegf¥?owﬁéfe89£dé§ gﬁggckh¥€h59 contain

as the present conbination of LNA an
propyopyakedodl  feduel ¢gbhdes eothelekoca85ipri atyeg and amount of

mod%ﬁ%@%%ﬁéﬁg%ggﬁy%ﬂg%%§¥%%%%§€tyg% can be varied within limits
as will be disclosed herein below.

The present invention thus, in one aspect provides LNA
modified and propynylated oligonucleotides. The thus modified,
ss—-oligonucleotides can be used to introduce specific genetic
changes in plant and animal or human cells. The invention is
applicable in the field of biomedical research, agriculture and
to construct specifically mutated plants and animals, including
humans. The invention is also applicable in the field of
medicine and gene therapy.

The sequence of an oligonucleotide of the invention is
homologous to the target strand except for the part that

contains a mismatch base that introduces the base change in the
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In one aspect the invention relates to an
ol i gonucl eotide for targeted alteration of a duplex
wobhosexjsence, the dupl ex DNA sequence cont ai nPEYNR2008/000151
first DNA sequence and a second DNA sequence which is
tarqefe Torrénmehte grlisprt¢hedtbana seqhieheedused snto the
t i ganued ot | dgy, GRIPI b1 £9i Bg doNRI Rod hat cd 81 6RPaRbRpSted to
ar ybridising tg§¥he fi#st E%ﬁ?sequence, mhic% domainp é
converhprdzes At Feabt Ohet hiehuileh Ri¢heesfRet @vdtRere in
i &8t DNA, SRHENGE: 21 Vet ef ficd o9l L genueh ot | 98
par{iﬁgﬁﬁsbs %I east %ne section thatocontains at | east
mod i fxecatoiditi i @ el @bidoesc hewt hde atightrt nodpeasli klge
: [nit 0 n r Y, ring Gsfupr G
mlsn%&{: }g’ottlyh es, (girjeer?%- a%% ?Jé%s?g ir:%é rrét))di?ll&e%l =t
nuclemd et idemngesn ANAhdales sredgpes oheen atn atlk sPldhcduplex)
t one nucleotide fromthe at | east one
carl%%%%%%%%ﬁé%%'mherein, optionally, the oligonucleotide
1R rporiteat rssctnost @boutn &EO% 1NA mglidésedin a method for

ucl eat i des;. and . - at i fied..
then Cﬁ%e%el deg'liizse%a _rbr%fpyanepéprﬁef&?ne&\gf %P -%rgfp%/rnset strand,

secqyd ignimb). By aret astpiecd , thdepa reent Nk gperlex neito an

o1 PG S5 A i nisl Rl g ] oo A At ed LS AT A PLo sae
comEE it tehd | pasteDNA Seuencehaneli a tslee ofoh &NA -
. sequence.., The second DNA sequence is the c | ement . of
o L1 G FR BNA TEqUIe & aer phT S RE 115 BT br hrd With LNA at
partdipliex: pdei ol drgonis|eotd de leogipst Sesnd@ipreapadhiay than the
corrp{eéi%:ses 25 at | east, ontglrrismatch Wi t restlroect toht@e
Pargfiipl B€ TR St iE 119 b QIR ET ST CPr et drabtyi§ nghat are

capd9Inaid¥ it tder fartudfedthied®l égomuedeot i de that is
conpl ementary to the fi,rsté;#ra}pd,, i ncludi ng t he at
| S rorfd i WHERTER. VePr B dbt yiRE i Rt ht 55 the the

impEOr@idht SiM dike NESRetig teadeihe df risie NA seGUENESE ide
The ol i gonucl eoti de conprises a section that is )
(sonpiditgedsiafred Teat gt INCEhd A dedbni¢hatugseotides

re1d®did i€d Mid Nidlod £8SEd OB RS RRYTWd Bl @, nked 29§ dené OLNA
have a higher_binding affinity than the (correspondi ng

modifaiqatofon hey ke DNA Q%) URh eI PR et gt are not
adj aﬁioéﬂt?gi&q{h@%iéﬁi\éﬁ’ch IhPreferab yedhenat PESSinPheted

dified LNA nucleotide is positioned at a distance of
nuckgotiddat v MrIEided rom e atigeustlepeide, typically:

at tASTLH ; S e pref erabl ye the ol 4 gonuc! eii 86y @nd not at
2009/ 002150PCT/ NL2008/ 000151
the position of the mismatch.

Advantageous results have also been achieved with
insertions into DNA stretches using the oligonucleotides
according to the invention with combined LNA and propyne
modifications. It was particularly surprising to note that
other modified oligonucleotides that are known in themselves to
improve binding efficiency, were not as effective in TNE as the
present combination of LNA and propyne-modified

oligonucleotides.

Detailed description of the invention
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contai ns at nost about 50% LNA nodi fied nucl eotides in

addition to the at | east one propynyl ated nucl eoti de.
wab@ogdarsd n t hat contains the m snmatch and t hePGENL2008/800151

contai ning the nodifjed nucl eotide(s), whether LNA or

5 It cpymyAsRest; TS petisvelsn HRbATRS dRriapptifnucleotide

for HWSyetdl CGErdat dt £ gt NeMi$e1 & hepfo B u &odd Al Phdduplex
the msmatch is located at a different position on the
DNA oo genrs exiitoeining a hel 5ectPbh FIudnch 1Hé a second DNA

seq{%ﬁé%ivﬁ%ékpﬁé ScIEONSIAST &b nd N £ R A f‘i?é@oﬂ{lﬂf%%ence, the

_ onual _n I NCcor pO'I‘ a't es one OI‘_ nor e septl ons.
oligmruclier eisodionritss ineca | s danthale ok porarabiheot
ol | 4 . o . B ‘
oL e S 9 DE IR ene 010) Mg Mo e
at lotd gomued eotsmte @ndyHav eredreestaneo | @mythifste. Dihesequence,
ctj ons .Goj ngj - ' t sitio rt.ai .
ond STRBAE A R AN, Ao O, L el et ion
thatlccentdoimed mt leastForwa heogirfeisahtnioleoitides hdwsng a higher

. means at..the part of it ' I | de.
oind Gl ety R il S L R DR i ber ©
nuclosot e d ocdteadkiat a different or shifted position from
the part, of .the oligonucl eaotide that i.s nodified. .20
In'bffi%ﬁﬂ%ﬂ,oqﬁwwéﬁ)é%%ﬁi§ é;ﬁ%ﬁﬁé% V%é%g#%&ﬁﬂgngls
posiceldried reapad rdisstsdrem (of @t lemst drie protedstnisde from the at
involved with this system or_at.le pr.at ei ns, t hat .
Leasy ERINGITIAT Th FNE Gk O e W h B e O 1L eotide
contCOitAidt tnfves 4 sgmitc ho Gan dLvehinedd St e chi S1 d @k e 1S eghdis

the tenplate for the c ti f the m tch. 25 .
LA Far i tior® MOt (LI RIS 817 (LT85 PUrine

or NS -analgie pytimeine  nteresting properties for use
in antisense gene therapy. LNAs are bicyclic and

tricyclic nucleoside and nucl eotide anal ogues 30 and
t g Qldgenpd ot iwes dmain G adr tiols anal Dgues £ e
basic structural and functional characteriiﬁics of

oliqquac it 19 ¥ T TR e 3 & fdle P | HHRAFT P

seqm&ﬁ:@}ié’r&ﬁgﬂr&( AN NS Squd rited Uehrivgs M 99/ 44226, DIV sequence
00/ 56748, W00/ 66604, WO 98/39352, United States,

and patsaRond A RETUPBE - At (IRIU SR e PRRGR 1S the

complement of the first DNA sequence and pairs to it to form a
duplex. The oligonucleotide comprises a domain that comprises
at least one mismatch with respect to the duplex DNA sequence
to be altered. Preferably, the domain is the part of the
oligonucleotide that is complementary to the first strand,
including the at least one mismatch.

Preferably, the mismatch in the domain is with respect to
the first DNA sequence. The oligonucleotide comprises a section
that is modified with at least one LNA and a section that is
modified with at least one propynylated nucleotide to have a
higher binding affinity than the (corresponding part of the)
second DNA sequence whilst retaining biological activity.
Preferably the at least one modified LNA nucleotide is
positioned at a distance of at least one nucleotide from the at

least one mismatch, more preferably the oligonucleotide
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35 No. 6,268,490, all of which are incorporated herein
by reference in their entireties. WO
wWQ2®9/0@ 21 50PCT/ NL2008/ 000151 Speci fi cal PgT/NL2008/000151

conbines the ability to discrimnate between correct
conigming nebrirest ehaeyet 30t ntih Bpdéfiedi pYrlapthdger yn addition
ha i pagtabbhity-6boMy t &E8QVELE188€; Hapr ecedent ed
to tt]l?%arl}t:?tyeg%/ery hl%ﬁ %?ﬁ%lng strength %o target). In
f aBre d@@agna¢mah|¢9n¢®hm%a§@er@e@m@E@hmﬁvﬁ LRA Feabikens
conﬁ%ﬁhfﬁ%%@hé'ﬂ§d9§1@&|n@éf&b@yéé¥55ePQEé@He?”ENRgH§S in
t o- nodest range I's an RNA anal ogue,
propynwhicedt heespdoseve by stinagt beapvgréensingi nEguby &an
Y,
cergggﬁ éﬁ%ﬁdg%éggg ﬁﬂ@eﬁgTébg %gg%??%?gatgggl%hgmatch is
locét@il@tlat¢lﬁfer®@trp©@iUlemose thagodhdohvcksothge than the
sfructure, i r ' o hi
secfitl o ol kb e (B S PR CLEnFERELeadl B perpatn
emb@mumamtsaSEhendmm@lﬁ'1m¢otpwrabasaonengrdmprexesctands- In
conse her blndlng af fini h
Cer%%%%l %fe%n %%%% ral - ?uﬁ?%ékﬁggggchhglﬁgmién'
cer el nshivad ede i he, IbhkedomhimpEndonheraattounsfmhﬁeb&hmpcated

ugar, but also revealed t oners. ar 0
at fﬁ?s?éT%e??shEh%%l??e%h%e?gh%%ﬁﬁw%ﬁgpeo i n8 ov\/arghé same
len@ﬁhP&Iypetn@n§@¢ﬂﬁ¢m©ncoin®bﬁéahhlyenghh éadopbabteon In
characteristics t he expense.of .. ..
Cer?ﬁ%%reTQ%%?T%%TsprB%%??|%%nagezﬁofg %F?%nogﬁsg?vgaon within
a dahdinnucl ei c aci d anal ogues. LNA can be m xed
freely with all other chem stries that e _up the
anfogue T SRTse. TR baes TS BBSfhto 557 aba Fath of the
o0li@bhPONest 8t i €iest asosh@I s at he LbsB8EURNRRSCAr i8Sto alter
onger LNA/DNA chineras. LNAs ca n¥£§%§ aced in_,
the i piArdaplesscan Be Eocybedtibnd. d 8RT QheSPOTERE ¢

posit Obll bi&MCEhE SR osrBthons: i kdAuresHEuUgs 6RAE! i BBfodified.
disturb the helical twist of nucleic acid strands. It

In parhbfieka Benth af¢yte bR sCPref BRPRESt BhEESIgntaR cell’s repair

sysﬁ%mg@@HC£€01éQ§tmtE@ MO 81 n 80k fvadi;agent thNGhis system, or
residues. Preferably, the LNA residues_are separated

at }gast Bootehds ohet (aBeli inedlvadciBofNEe gRhernsRESnghich of

theC%@EQ&@StggnbglhC@ﬁetM&§&at§H0Qn@5wﬁléﬁn¥€95h9n§5 to be used
nucleotide (A C, T €) The originally

as thy et opela BAdTPF ctle? rfé@rlamth@ﬁoﬁﬁr thensignapehxy- LNA
nononer) has been nodified into new LNA nononers. The
35 novel a-L-oxy-LNA shows superior stability against
3'LNxomxcizbbensictivity, and is al so nore powerful and

2 S i am 8 b orpal NL 1 8 L D8ROt §En

o P TRER B S0 oS0 K oo G581 84 26 very
int@&eg@hmglpoopdesleﬁjS@rxyte inNAsnandehsei peneNAsecapy- LNAs

e. use close? 9142 0, 00/ E%ﬁ .
are oty b neheY o bR PR TRy RAr oR! Sany e A Afie, RRalogues
andab@@eoly@@ﬁuﬁngobEdeéfEhatVEonnaanhseuhngnhheggealSTbé basic

t he |nvent|oP fp ed

structural and unctlona characterlstlcs of LNAs and related
analogues are disclosed in various publications and patents,
including WO 99/14226, WO 00/56748, WO00/66604, WO 98/39352,
United States Patent No.6, 043, 060, and United States Patent
No. 6,268,490, all of which are incorporated herein by

reference in their entireties.
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5 efficiency of TNE, with a preference for p-D-LNA

anal ogues. In the art on TNE, LNA nodification has
whe@n/0011st ed anongst a |ist of possible ol i gonect/ab2I08/@00151

nodi fications as alternatives for the chineric

miiceculfdsalded it PEbiMGe Ve aHdid Y &St EHin e
petudbd rlforaﬂrécg gﬂgj fﬂ{ccyﬂaéctsucgagﬁ%%tss t haty };%ﬂé@if@iﬁcyﬁ%lth

singl e-stran ol 1 gonucl €ot | des enhances TNE
veryeffidi dnicy siami ¥iteantigw ttornrnnyeaxt eaitd tmreredented

affjﬁlrleé?n(t\/ley yb Q;I‘f %3%1 \éﬁ%g%ﬂ é‘d onefjn 8fact he

t one nu eot | y fro na ch and/ or the
a f £ i1 i tgo niuned st s &d e edmesiath tw igdn tldiAn Jmﬁ\eea Hdre aboliinBoies of

rounded -t
o1 LA MR o R, IS, ooyt nodsqy, ranse.
oII.iNgbmsscIaeotRme acrrm’cmgtsaes Jal segtdhort hehatiboorst dins at

struLcE%\St y]z i setf & a &)ey( S(:) & S1:thy21e rb%flpJ[]ggJ gJeaQ,l%/ r? the 2'-

d'uc n-certain’e
oxyddie &ettihen 4dr+ddle;>cm i sgaomusc| amusjém:laigecmﬁssumczcos rire
ar

10 L di fi.e
fle%ﬁ?&qéé&u ooe:s%he £ l%(?g%real'qoaslén Teibo nrf'[eﬁt K hteheats TS
intoone diNAd Siposiltionedatt isordi SE&HJ’H:EBcD—fcaG]IlGﬂJSN tfpe (or 3'-
ucl eoti des,, prefer at nost 8 nucl eoti es,
endq)y GERAIT HhOS B hch bot dBE - B Hbr'g i CF LA
conwleflefgabiqpmxe"ﬁ),starﬂj Gns¥quznulc} entgdas kflrrﬁiﬁlltcjleafflnlties

m-snmatch. In nor e ref rede di
and GHANNA IRE Pdsict’ e DS HUADE (g vl Ly

dendrpdthel Mrematddked I\B—tyqj’ee d’UtCﬂcQ@rtaltdL&)ri oPagid iNRedsugar,
bet ween the m smatch and t he LNA. [

bt Sr RS 91 T o TR e 8 IR 90 oMt ri ™

unmd&rﬁé&%l‘?j}%w ntl d@disded Wowfrdhenrd NAs: g
| ocat ed at di stance of at | east one nucl eotide from

con foanah it &rmpqwaalfdrsef drtie d StBTRMEhCh ANt S e it ©f
LA lReatad adiacantt o &%‘Jé’hsﬂi her e Arignshacat apadde yies as

at | east one nucl eot preferably two or three
is ofifdrectises’ed ividdr tlH KL S5 aficHiaEtdusSr t he case of

U WO AP CRY&NY dys Wafh YA didd catdmoins: ofed henat
ol 1 gonucl eotide, the nodifications are spaced at

makq atfouthe awpeeﬁmlqglsq artiersussm A MR RN IRF ot her
1nco%oz%o%c$ 2 ORGT M2008/ Q00 é@r%r@rﬂﬁfﬁm yséi\?ences

I catl ons are posi tioned symTet ri ca ar ound
or ashd qricamtlet/ M exiarpias . iINAS (et are &l ditreHtternal,

3! éﬂl\% L{}Boc‘%lacrleor%os'ﬁdm Sycﬂfgatfd C@Hélyr q;rl ngl Bf@ycllc

m sma at” a di stance of 1 nucl eotide fromt
conﬁnﬁmﬁnxﬂnqéuﬁﬂxgre31dues sometimes disturb the hellcal twist

of nucleic acid strands. It is hence generally less preferred
to design an oligonucleotide with two or more adjacent LNA
residues. Preferably, the LNA residues are separated by at
least one (modified) nucleotide that does not disturb the
helical twist, such as a conventional nucleotide (A, C, T, or
G) .

The originally developed and preferred LNA monomer (the B-
D-oxy-LNA monomer) has been modified into new LNA monomers. The
novel o-L-oxy-LNA shows superior stability against 3'
exonuclease activity, and is also more powerful and more

versatile than B-D-oxy-LNA in designing potent antisense
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5 nucl eotides fromeach other), i.e.

. (LNA)-N- (M smatch) - N( LNA) _. In certain
wepdomdarent s, at nost 40 % of the nodifi ed nuck@DNL2ZI®8/000151
of the oli onucl eotide are LNA derivatives, i.e. the

oliqyniekr? s A A0 kO GNAS rapl deeiby FHAS LR 1pe used,
as S SLRare, Wederady mom7§§%w@@@%@é@ierﬁbwhe

at nost 25% even nore preferably at nmost 20% and
preﬂ’ﬁ'ﬁﬂ Predrerably any fo%t aokhe above ntyees gnay be effective

in £IPALIRNS,C LA L han ane ARLCH, can, be {gtrodiged.

eously or successively.
effzoinnegrmwccbfsdltw,e Wi ai:mrﬁﬁﬁjmrecemf@rtm—bh% M zhegeds -

n either, adj cemF ory £ %ctajt i
oI [ gottnﬁl}cl eo 031 d t 1\lfsri[;gjnag e (?r?g?)n%c cot i de es%ea%
amoriyss tacapitiest taf anmmrmldatcelaag@sccomjoisme ofodNAsca hiens as
aled @4 dDeDITNGL Rlies, QUL TRE(L Def el Ny o 25 O 9k N ver,

0 ho nter ere WI eac er'’s 1 nprove ndi ng
thenmpaa:irtcy mdnrc&f@tcnedubltdie)galctaltlammalt ythlre $wggdets that
par r co for f e LNAs in
LNA & cC?ethrf -5 .reafn peragf%l\%]ab?ll O%%% ga?%%%sd ?Ihhances TNE

effjnﬁﬁﬁﬁyﬂsfﬁnffih&ﬁﬁmyxtdﬁthbrnxﬂ&nmIthﬁﬁrhmmtﬁmﬁsently been

erta in e od| nts he oI| onucl eot.i
coufl ST g S oy 0 TP FOk £ avay
fronﬂ@ieﬁ@ﬁﬂﬁﬁﬁtdﬁliaﬂdﬁm{ tree aﬁ]pagrﬁﬂ.tcbéotrﬁdmt@oé$ ot contain

mor Sl GRS LY off P (U TR &0 HHALT f oGt of

nuclﬂﬁfttldféﬁ alT, Nz, corrprl se several sections. In certain

enbodi nents, the ol onucl ot| e i nco rate a

o 0TbrfS 12 iTh SO Yy (et BT &) GHpPrises a
sectBHEERIt Sddranhn Sueh l&{hsifn&ﬁ{é I’ﬁﬂz}’eﬂ@fa/bljﬂ Anengéilst 2, more

fromnore than five up to 100 nucleotldes a

prefgrallar wayNA MRErtifh Bl etf 55) dé%t?%@a%n be

embddilfafuced 1if sddiilal drengid yprdatu@nsof fdontdn t@odOin
nucl eot | des) The del i ver% of the oI | onucl eot| de can
Y

moreyd hedhi%vetr Vira 35 @l ebot ropotationt Haedified

nuclGUvend onal techni ques that are capabl e of delivering
either to the nucleus or the cytoplasm In vitro

~ t d3t i9Ry oFin Rehasimsd tof, tHe fleskanst mamtiBh txrPpeltioned
at amﬁ@@ﬁ{wﬁémw%g/&%@t?&& evies £t g h§t most 8

Free systemas is described i.a. in WO01/879

nuc Mo/ dx72 6%, L eNIg Y BEAiZ y W0 a5 19 nym bpyhdes, even more
preﬂg¥ggl§xgﬂ(ﬁg%t 4, 3, or 2 nucleotides from the mismatch.

In a more preferred embodiment the at least one LNA is
positioned at a distance of 1 nucleotide from the mismatch,
i.e. one nucleotide is positioned between the mismatch and the
LNA. In certain embodiments relating to oligonucleotides
containing more than one LNA, at least two of the LNAs are
located at a distance of at least one nucleotide from the
mismatch. In a preferred embodiment, LNAs are not located
adjacent to each other but are spaced apart by at least one
nucleotide, preferably two or three nucleotides. In certain
embodiments, in the case of two or more (even numbers of) ILNA
modifications of the oligonucleotide, the modifications are

spaced at (about) an equal distance from the mismatch. In other
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5In certain enbodi nents, the oligonucleotide conprises
a section that contains at |east one, preferably at
WO e@snoA50 nore preferably at |east 3 propyne neei/NLzW@8/000151
nucl eot | de(@? i ndependent I%( sel ected from apongst C7
WOrGhyr | Ve TRvcHOYY (5N vkl i PRl 1 ¢t EeRs a2 FE enDOHT Hened,
symﬁé‘@r?&?ltlgpnaﬁhﬁcﬁ‘et};@ Rl saonuc! ead d@x&%ﬁ‘ 1 EONM R Q) PPELerred
, 9, or 10 propyne fied
embarigheti dese INAT e 1@ PoRhbbeR PR nt EWtHer ket vraFeund the
mlsnﬁa}‘]ﬂléky am)dé fdfsdtarllc@ o@li M&ig&gicﬁ@sff&ntﬂ?e mlsmatch (and 3

gonucl eotide carry a - propyne substitution and/o
nuclgdtiplas nesoe gagh &Dmep)'opyn% sub&ENA utN-of1 st ¢inA- N-
(LN d.lfl cation 15 can then be | ocated at the sides of
Hé section. In certain enbodi nents there are sections
t Hat @rraa_:m emirhidirezhtsd steotdsnsd @ Hatofarteherropyiyied
fi cer j ' C ns;
nucjbech%w ﬁ\'T’Aoan hper oép%n or?rtgpd?%%e nuc% I\lﬁge(gélo ngtggf%’ nl -
the enbodimeinirs 1 the @) i Yoock eds |dsaokmmﬂ|1@3esﬂas se¢d i on

0 that, cant Ieast one r
couréiﬁ al}téféaraegﬁerak%afﬁf east pr%%&gne feabg%lye%régﬁ a’g 'most
an}eerotmcdﬁz( sgreﬂmraiely aatn mﬂmo&@%memd thessgutéeDaranly at
tt&e(bgol i gonucl eotide can contain nore than 4, 5, 6, 7,
mos%, °* or 10 propyne nodified nucleotides. In certain
empodidmidis tdubsbigidrons | sndid |tyhab arpdinfi satht¢h ecarallbe
, imgdines .in the o onucl tlde carry ne
iSRRG (o i 7 B TR Hes E P T by ey
oli%ubﬁdlietdﬂlﬁ caldm %dﬁ@%aﬁh&mm}mmld%@miﬁmmw%
. _be propynyl ated and t rim di nes e substitute
o1t PG e iates | R D St e dotu 1 6€Tae . 1o
thid easd, mlé%)cﬂflc}m&cﬂ@ﬁiéo&aﬂ&?ela’démﬁed to accommodate a

ol |gonucl eotide is |l aced by its, pro | at ed
sec¥linr (dr (LNAS et af%lje%o FPret ca]tﬁfee%/\s‘fu%ln%rkéerem'
proprfferatly & deasintdfbceyem tredr efteiably aipleasd

75% and in some cases it is preferred that at |east 90
bindhng GaRAGid ot i tRis? Hred R REEFDY AHet ¥ity due to the

par P QPYAY | & rereh U & RS tishe 306A4 gﬁﬂu@f{@%lﬂf@nucleotlde,
contai ning pyrimdine nucleotides with a propyn

i.e gt eral e SRR 2T O oFf bk Ea &bl & du Je%%n%%dof 1
nucIddP EXeSrdrhamhd Ned EmLOLk eSpond Migs By rdib S ftfents the

derivatives. W 2009/ 002150PCT/ NL2008/ 000151 Puri ne
oliggrur ket idamec it opyirer sedstTe uemreg, iy -podieFornismatch
nucT¥ QENLHRNE sipble dyplexes and-a& depfe. non-

preferred. Thus, 1 n certain preferred enbodi nents,
adjaecfemfc)u erlie sl Jarrtkeot Tde czare CAIR bRt Thethee @pmains and
secti ﬂ@pcy@yéc%%{wcéﬁpé' d§r§d (1r7 ;PJP@MMaP can comprise

erivative 8-aza- /- deaza- 2 - deoxyguanosi ne and

several st iduaza-In Cd@ot(éylarde@mmlmﬂﬁfch effrarekl @ mee heptide

f t ,
i G s e R R
the |arrtcmfptain stimardd. &8gelan ROO2r Nutd i aAC U ]F@sgtmofrcm

5- 5496, 101 n_ceft A t r

MOL Gy tgnma ch can’ nco(r?{ d‘ﬁ(‘é ,&(’ji{%%rslsrll %I?eaneousl
certalict esshkinentihe dtlgohoed ecdn dee c:artzacwmd@f esmnxbar

t han one m snat i t he dj ac o) ermved
lenq%ba\f&f%astjo?{l% hgp%?rpgg cI{qu?1 1‘lle lcéeer ai n
embmildm]mxﬁeﬁ}heaﬁ)lu}g@rmbigmtudbe@tam@ormﬂm acvhm,e\il.éd via
' ree, four or nore m tnuc ]gotl s whi ch ) %/ be_
ele%‘bﬁ%%liﬂ“oorn r%lfm?tehﬂ %O“Yu%rh Hoffacert i adees tha
capalbl@cxswczi@mxrédj_elr@@r%mm@f |h1s¢a f s gﬁmmlmrmmtlmdcytoplasm
sections to ac ate this in particular ¢
Tn Bt | 5 SEVral 9ok tTORASS | catt af 7E Siblodi RERR SL0F hgan be
ol i gonucl eot| de may incorporate a potenti al
14
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20 insert that is to be inserted in the acceptor
strand. Such an insert may vary in length fromnore
W@ bap/06l1tse up to 100 nucl eotides. In a siml| arP@ENL2008/000151

certain enbodi nents, deletions can be introduced of ,
achiG TR S 1RMgt e Ve Hati BT YT 6T 198 ol 100°Tokt ot Hed) . 11
WOO 2Bk To LA tigd 613 ATy B S0 aniss st memb 61 p$2 & he.

i nvention, nucleotide insertions have been achi eved

usi ng the oligonucl eotides of the invention. In

C 8 L Givsh &£ HRQEH AR Siord 1€ ol i gonucl eoti de may

i ncorporate a potential insert that is to be inserted

i ALt hee rocigptarbat meatd: s ,Sudte anl i gseiel eyl dargompr Boes a

engt 0 2..3 . P i des a
R S
prefentamduced bfasti g [ropwrgtiodafied i vaslédtone isto 100

.. nucl eot.i des ertai | :
i el MR R A SR RORERS oy o £
pyrimeiptiaced hy ddistqorropyniydditrech3H, coumt eeparen ém the
. certain enbodinents at. least 2 noy e prefer.abl
oL G ol TR o e BT b 4 | bast 5on andr Wy ©F 10
proAQ09/PIHDRCTH UNLIZOH8Y 0.1 5Tn | ¢ Stoen castesdientss the
referre at_at. least 90 % the nucleotides are
secPiafl o by S oy e G botrE B pafres o AE
oligyrapylast oun sy a tdh-gergaybonsahet Nt w 1 dn aatid/q@f eall
bond. The triple bond is coval entlé/ bourgd# thed. cats
PUIIRT R 3 DEHCRIIUT T Whi'cH s tota¥y Brdtheeation
can Ciﬁléms{be; imbeptfeld heer Swé( rgmé@. @f]gtlaet] s&er Toposth arevfain
t he purine nucl eotide (Fig. .. Both cytosine_an
embQf G LS e Hol T A G QI o) § bt Bt Tdene
sectCath Pe o PRE b M vh yD-is PP . Or@UPert £50l difi@diments the
C5- propynyl| -cytosi ne_and C5-propynyl -uracil, 10 ,
sectrlé?péarmaelrrz; k?T:efsh b;djzpe &E@ ﬁ?% -Ig%%}%% I?E%}%%%%Ze& n
REL SIS Sl tldm -lagehndd ide- @b TWes U agdet 1
-er by 1.7C. (Froehler et al. g1993 Tetrahedrorﬁl)fwl;ett?ers 34: Her
that ppig inactloi leatt Ane19ve B oinkni 3t riFagt 2, more
preé&ggﬁl?% M@@'?rbﬁ;pfﬂe dS9B8: Nug| 8h &1 L6t fige RES. 26!
3127-3135; Colocci et al. 1994 J. Am Chem Soc 116: 785-
certml iy gBIROFHIeN % dthe i AP P He Ut bpHIhT £° lat ¢ ecan
contd i it RS QPYNER,OTOUPS, & the &5 POositi o dhshide 3hé@ified
aIJIO)As better stacking of the bases since, t¥1e_ propyne
nuclkgiupdes. plarceriidinh rqdiorenss tHee het@r sy cl s cfbake.
modifi€ed MR oved, pi ndi ng, piopes tiesciof of | gonuc eotigdesc2Pry a
contai ni ng C5-propyne substituted pyrimdine groups
C5-thesp yeers Wt biutedbn ardier al bapbid 2es praeessa Qsﬁ-propyne
i se. ' td I i = roups
= e e AL T &% ek R
propwadiatted carath the reasienidindre nailpe t s opsoityep@ by LNAs or

. e Si ( e - %%g Scien Os
Vlcelég -%%’1 ; anag%rh éer%@%fl. 1356’ I\%’feufga%?ofgchoﬁfhe |
nuclld@Oiddd 45, e krgeiualeoRDd ntiephseed Mucles c
progggnbglrﬁ%reg%tggﬁ/étneg}r%%rgtgzg'%ﬁ%?rfg{ﬁ NELOD. Ene hOESEL 1east 25,
more preferably at least 50%, even more preferably at least 75%

and in some cases it is preferred that at least 90 % of the

nucleotides are replaced by their propynylated counterparts.
Oligonucleotides containing pyrimidine nucleotides with a

propynyl group at the C5 position form more stable duplexes and

triplexes than their corresponding pyrimidine derivatives.
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such oligonucl eotides are biologically active and that
they can be tolerated by the cell. In the art on TNE,
w@zeopoagayne 30 pyri m di ne nodification has beePCT/NBE2©8/000151

anmongst a |ist of possible oligonucleotide o
Pur eri 1 dat F e sSHEe PERPWaE | V@S FbFuehe &hj RBpi ¢-position form

eveMOhEEY! St dyhi INEs RNeYRL . hdhek eptsraerkadi eatkonin
in the art thus far that suggests tha}g C5 and or C7

ceript bpyrree hooeli ¢4 emisodighenss r anEiebc DNACYH| Yy®nfiereber dégcreased
T. ff1Cl Lgni £ i he ex

it el e e R S i e

der inoali ¥ veatd Hrd - i 2009%¢ 9021 50RETY A\ 20@8p 900a 5and) Bgaza-7-

S gn . a fur - in j e
deafEes Srerrat S b 25 FRRRELe LA YR oty t0%n
everdeglg:eememt nipdthee setprente pfopYyre geyeprbiige randlcotides.

5 least of a secti nce. around_t he
suctp bFeRt T e B Rrilotd® SRRl hr Dogeeta 2002
Nucldibc aiclbis ket 3@asi4d®;5p%@ferably 15, 20, 25 or 30

n Ieotitde.s adj,acent tto the m smatch or desi rtedh b
post t9on B tHELTHIE S prEter atg? ' o e dChF de” of 2T he®
int & Eh, e {fiosr escangl a (R EFEGXEEEK S cadet eehy X The 10
14 t he n_jLsrra,t h or insert (Ecgs%tion%' - desilgn' ng a
OLi GRS LT KU Rt CRPHAT T ST RFRATAF YT TORE op "
eithot hhdNecsectd onsemsyagenscdoi die o Stigd Chl Agonucleotide. In
cor cont alngg, é_he desired nffglicggééf%%%ﬁqggc%gcggg ggséf%rvol
thr&INtHQst Jr tier S aNosmHt ¢ 1g onuE] ot i dles Wi hch Nda @nide adjacent
propyne nodifications at desired positions.. . ,
or NHW ¥ chk i onFIRA VR TLRF el & o%igb%%i;f%ﬁt%ﬂ% can comprise
Furtoh & € W 2N0L Sa n EXS0®E £5n A€o CEFERMEYEKITCENE, and in
CCCnCCCYCCCMCCC,  CCCccceyccartnnom _
Par GO RICEIERIEC © T ETHERes, And°ebt26Mon,
emb &A1 O st a0 c Be N OTm Py ODyRSrp®ehté edl potential

nucl eotide residue. For a _djfferent acceptor sequence,

insely, tRIGOST ACKIRCCATESATE 6 o1} 5o MF 7P oRoF tTand. Such an

i ns O cleal i des her dgsigoed, t 1829 £1 to 100
tns TAO%EGY%@(I-}TACTA M2 NA or propyne) wth . |
nuckeel fdeat i Bh ass variabl v asibuEs T el reehbeebie, gsgletions

can W] 86ting, e ONA R Per %éﬁ@dvé(‘ffﬁtigﬁsd@f@ém 1 to 100

nucleotides).

In certain advantageous embodiments of the invention,
nucleotide insertions have been achieved using the
oligonucleotides of the invention. In certain embodiments, the
oligonucleotide may incorporate a potential insert that is to
be inserted in the acceptor strand. Such an insert may vary in
length from 1, 2, 3, 4, 5 up to 100 nucleotides. In a similar
way in certain embodiments, deletions can be introduced of
similar length variations (from 1 to 100 nucleotides).

In certain embodiments, at least 10 % of the nucleotides
in the oligonucleotide is replaced by its propynylated
counterpart. In certain embodiments at least 25, more

preferably at least 50%, even more preferably at least 75% and
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ol i gonucl eotide in the presence of proteins that are
capabl e of targeted nucl eotide exchange, for instance,
wa@eaoloseiparti cul ar, proteins that are functi onBtT/ND200B/@00151

~ msmatch repair nmechanismof the cell. 30
in sgmehotrsdiHy bdumke BT THEorRAT | dprbeReEt b? hdf ngt the
nucBddd MdY dSe thosthted i N eas L EHSY A Kot é00suh fetpaPt s .

ol i gonucl eoti de finds and renmains bound to its target,
t FuPHpiend rer Qe TR diF1]9 efrsPoVerR i ff e triple

pondNeR £al - Mol fi Gal 1 00S- Of - 1418 SPGELRP LACkRONRLOTedhEde

ase confer 1nproved binding affinity._ The present

basiqvemorsurowevieh thobecated orlustiom ¢hNrasddiifare@finphe

2009, PCT/ )€ : [ j - ;
oy R (et P et (8T Ty TNE VA< Gopchdont on 1 ke (F19°
2) . gosilt igntonindheand i goneicl eotépleacing thynignk het eilre

: i Lty e [ £eof i

oL CARR Qo Yol R o e yeb P L roupy
resullinbeyr ior @ elratoipye ydrmowrtio s enmedicf iC@dpraplewti-descihat

are . ncorpofated jn the nor .ol | | eqti Thi
reSpceacgtalbxﬁcliﬁf'yoAcaSnl iequéan |rg|%é/d yflorclyiq%%;iglﬁcgfebsg%ue URreases
the Ny byl 2si8AE,t ke stingdieng’aptopyhylforathé bindi A§C. (Froehler

ener i bbs Free Enger onvent i onal
ot FhreI bt dhe ST e o P Bor AT e G A0 B hdT e+ 1999
Biod}f@ni&d‘ﬁ{rr@ﬁgﬂim:wiﬁ; rHnepd i sedeaita ll. F@Sl;ftlbl@lcleic Acids
ol i gonuc] eotj des of_ the present jnvention the Relatjyv
Res B2k My AF11 W1y CHRGC bfCoath nbifid i ed uciebtsde 1E6: 785-
786 Ernildiss iscexesptdd i@ dHe anfOFdpico el e uddlds RBAropyne
= E REA(nodi fied)- E RBA(unnodified). > 0 11in Werein |
groymsa 4t ke GotResSHeton i3~ bithd P a4 ¥19i e yoeller stacking of

the RBA(dDA fied)cis $hg pun pfodher & el Bdnye »itWli Aspect to the
affinity of the nodified oligonucleotide with a Iength
heteyfoqy kit &t§®les and RBA(unnodified) is the sumof the

r el i e Rl ng A fdig e dhes wymdi fdsthicleotides
oligonucleotide with a'length of m nucleotides. For
contedanpgl®, CarP oy ibp D Horuel bR el ekt g srawppshas been

oo I o0 Pt e slatlve kgt
oliqootglepfide (Q@oraiming Gd-propyne groups forms a more
stable duplex with its target mRNA, leading to an increase in
the inhibition of gene expression (Wagner et al. 1993 Science
260: 1510-1513; Flanagan et al. 1996 Nature Biotech. 14: 1139-
1145; Meunier et al. 2001 Antisense & Nucleic Acid Drug Dev.
11: 117-123). Furthermore, these experiments demonstrate that
such oligonucleotides are biologically active and that they can
be tolerated by the cell. In the art on TNE, C5-propyne
pyrimidine modification has been listed amongst a list of
possible oligonucleotide modifications as alternatives for the
chimeric molecules used in TNE. However, there is no indication
in the art thus far that suggests that C5 and or C7 propyne
modified single-stranded DNA oligonucleotides enhances TNE

efficiency significantly to the extent that has presently been

found in combination with LNA modification.
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Note that the definition of RBAis in principle
i ndependent of the length of the nucl eotide strand

W0 bab/003580 conpared. However, when RBAs of di PEBENERINS/000151
strands are conpared it is preferred that the strands
hzme-@b@tetsitdne sane | ength or that sections of

c | engt h t
grEP X ec ccogans(pet%h o%ﬁ%ﬂ%ﬁﬁ o%@ca%e gro u%? pL the
ollgdjgei]reertmwa aast rendaichA dvigghdry degree of nodification
Of a 3(t5 Cert al n&)ﬁ'lt [ a%s@nd E(GéA iCCoen'Fr_%)afr etq’let oa& %troqustﬁfgrws or at

pstTea
leasd;OV&f‘iStar Esaa”ﬁtsleﬁilms;he:czrermm&jlngmmbcme RBAl e/t Uds to be

may be defined and us T acco date

e xR0 AT SR D0 Pl TILET R O
preﬂé’l%dlgﬂllfﬂ Lednucleaid d auwxﬂlegmmsf aaxlmceaam t® the

i nt uced into the RBA ng# For |nst ance, - hebl ch
mi Sy 0TS ISl At it &bt i I ol et ddorferaply on ea

sidedld ganicedindaerad] atentestang he Gﬂmmmbaﬂfh@f@ﬁﬁ X is
than that of a nodified 5 nucleotide that is | ocated
the gispafidt fHcd T84 RRIEGtI™Me's renpved from t he

m—S'BngL nllrﬁ; theidiit exti Pfnddie g iesenthd thvientdanp ldMmtary
(Donor)> RBA (Acceptor). In certain enbodi rrent(i
to Qe RBANE! Udi0fSaHe PohAdirgeHe & Headit FRat iy

contidiall the RBA ofed hB1 AR . td bEett@dnddd (for example
enbodi nents, the RBA val ue of the Donor nay be at

CCCqC@aYSqC@@'O3 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0,
1.5 di (arfen hamdihss iRBA e tdh AP i@nudBbotide

val ues can be derlved from conventional analysis, of
with HélArodid @@mfrrmuwﬂaﬁzfcr-aﬁx@%fa@ e s e P erel L Qe h

MOdlaél&/tlr@{se%}arVéw% thesamaynad.e dite circumstances.

nmeasurenents etc. ‘Alter nat i vel y they” can be determ ned
Exaripyl areaste éHEHCCOEY TH @i ¢ Cor EFESSCEEERESH Fodi fi ed and

ccc PR dnegn St r%ﬁéﬁs chgﬁ@fé’@ééé’@' yc%écﬂ?“d?%c@@@c@@, and so

expr essed as 't he rence in ‘Tm bet ween
on, winodfri 6 atdndse fioodisf LA St @rPpysia Fedigyied nucleotide

asur nt > cony, nti onal

resjformJI args Oglrf%aegrﬁt} #él gEBQ(ﬂre n{ﬂ&? a Set (gf
ATGOGRA G T UES] GAST, byozarwmmmq; otemér cal tadres beobhdes can be

nmeasur ement s, doporr ! 9o €0} | th
desja%%e ’dlehggt GeCAi‘Iﬁven ion maz§ ]%_n?%l@r\} ; l?ﬁé?yne Wi
modinbidt £ 1 iocat |msvatmabme ove duntel rydd | ldaalselimlwase

char act erlstlc at .t he donor j.bits 1n ed

e T M e S S
Oll@[CrﬁlﬁfI@tlaid@deOftﬁé]@mbCﬂé?Of)rmth enlrésflhleadomoe capable of

ol i gonucl eot | can al so be.further nodifi
tar%?%‘?rre%cfjs?%?ﬂt&ag%}f%?n%%cI%%}ée]sns’if s?abl ?Sie}?tﬁ%@{'@ular,
proftdind exht gtadfuptiexosdT uth utiee Mbsindtchat repadt Bé&chanism

t he LNA nodi fied donor oligonucl eotides of the
of thiertibn can conprise phosphorothioate nodification,

2-0Me substitutions, the use of further types of LNAs

at the 3 and/or 5 termnj_of the, oI|$ #C}?:l nit

PNASE R PEptR e h RIEIE 281 TRFOTY 1 bUPRITT BT i ok o o REinity

is PRsesnt had osidies, cips ef exabl oS8 enbhanggesolifenucleotide
stabrlity of the hybrid between the ollgonucleotlde
fln%dar@cﬁ]er%%gﬁ oPOoehR{ ghg 1ts target, improving the TNE

efficiency. Many different chemical modifications of the sugar
backbone or the base confer improved binding affinity. The

present inventors however, chose to focus on LNA modified
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WO 2009/ 002150PCT/ NL2008/ 000151 Particularly
useful anong such nodifications are PNAs, which are
w@baiogoomisd eot i de anal ogues where the deoxyriboﬁ@nNLﬂmwmmﬁn
_backbone of the 8|i onuc| eotide s replaced %
oligemitHeobadkborrd Ene"Suthhepbfie BALkbohE f-§ NE was

dep&RASH £ USH eeh 8f p& &peabh Ngn St AT $ 51 §6ndt1é3t agk noet hyl)
gI ci ne Ilnkedpthrough am de bonds. Each subunit of

pemd dee bakkbones | 2Rtk RbHed ¢ ERUtPRBbase (al so
011£§§&@P@5@9deb@§e1ﬂflM@h§@ fRY PeEaq8peNaal bY the type,

occurrin non-naturally occurring or nodified base
Locano®| RRHNRREPST nalt seebehtee speeint caf | jogpfied nucleotides
tha@oemaé erend A5y r NGy of n, 10n ENGo b £ hoi‘i@@ﬁucﬁéétﬂa&y THEQ
ei ther DNA or RNA. Accordingly, the resulting
capair PNAY RNID dep| @@t hbved hf@heqcn%@Wﬁgby eméma%a%%g the
bln%ﬁﬁg ot fif 'tkﬁp e h B Ty 8l o thee PNV BN, 08 PNAE RNQe rgy) )
exes is | ess sensitfve to Salt concentration
betwemam TNV ONAL ora DN ENC Bt @x@6 . 1 The: pol §ari deth AT and GC
0 f lN?s r {8 t.fo h
bln%ni%%h??%g e%?% affi gysgﬁt %éfé o%@@ al 1 For the
ollqmsmletxemdé@méx*alm@lzerewnmrgwrz@ﬂ@lz inel R@latlve Binding
92/ 207 he.c [ | AcOy pot af ed
necif el Ol ofrehe T M Pt e G 1 AC TR S PR i
exergrlel f1ddistm ad efioriola exahpbe, in W93/ 12129 and Uni ted
States Patent No. 5,539,082, 20 issued July 23,1996,
the contents of which are incorporated herein by
reference in their entireties. In additi on, many

sc:| ent|f| u&lu_:‘ccl:ﬁb%&_fldi%gs SE%% heS| of PNAs

exan‘pl e, IE’atel Nature, 1993, 365, 490 ; Ni eI sen et
al ., Science, 1991, 254, 1497; 25 Egholm J. Am Chem
Soc 1992, 114, 1895; Knudson et al., Nucleic Acids

SOC &Jg'beé% 31:8114«?’4%0{\%1 lrc@fb@f @'blncﬂln@rﬁf@ﬁf‘%y,

ol m et Sci ence,
RBAmlﬂseadnm Egehosslmme@fathe Uelmvmmdsm@ affinity of

the%%%%%%%; gﬁgoéﬁgiéﬁgﬁé a l%nﬁ@%aéfgﬂgno?fe%tldes and

RBAmmmijﬁiee@llu@st@é e @fe@e@treekw*emqa opimdengl apfinity of
nown, as; Suyp n e t -
che 0055, SPEL) 00 SUPER. Ty ! 2L1RL6, [P ARGt s

For oa}natrwha An@dto @ | h»fmaéls@d»rsmctle@midet hatnsainksldnto the
mod?ﬁ% roove Of the t%lng Inrfﬁééﬂ%hpg lleggglﬁlty ?% 1.1.

base stac
The fwttm}erRmbudaamre@d;lsaladvm a:gebwso’rbsll] ts c20*beod) ] -
10@$§ved in addition to the nodified
g hucl Dtl des WD 2009/ 002150PCT/ NL2008/ 000151

acs @i titgatt ot Hhede fvent i @m, of RBAetrs nhdipr oatiphs are

i ntroduced_into oli onuc tide that, enhance aff]
NGO o1 Gorie) DURTHD $br Cih ACTapt SHC <UF A cUamt Ee
compBXFéd . Tﬁbﬁevérhaﬁh@@GMBA@u@ﬂ dfiietéﬂtnﬁﬂrimﬁﬁ are compared

ol i gonucl eoti de accordin the 5 inventjon

Shomd

it ¥qrRherebrpr et c82%r O S e@%‘%ﬁﬁ‘%ﬁ%‘“‘ﬁnh?%‘?th or
thatCls QE Oy | o Frodbih £ 1PUE | NSyt IS By esa ke, efiét i eNgy RBA

of TNE significantly.
does not take into accdunt that modifications can be grouped
together on a strand. A higher degree of modification of a
certain strand A compared to a strand B thus means that RBA(A)
> RBA(B). For upstream and downstream sections, corresponding

(local) RBA values may be defined and used. To accommodate the
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The donor ol igonucl eotides of the invention can al so
be made chineric, i.e. contain sections of DNA RNA,

wao b/ or 10 conbi nati ons thereof. ThRGT/NL2008/000151
certain enbodi mantsd?é he ol i gonucl eot i

of .t he o
CEEG G e |G TR HErO 7 A, TRNEE ST oLant 1S a weighing
facton-&@t hyd atedsodmed | Btk Aueh&okpAesa1 hd. Cest @l Astance, the

enbodi nents, the oli onucl eotide is resistant 15

ef fega Msta riRd Haksd Nl 20 sde el atRantaRebull 1 6o prelent ide

adiddenol i gonue ! eoddde-f rom bed ngs degr adesh bynawich easegodified
and enl arges the chance that the donor oligonucleotide

nucle%mtﬂfqlqndthqfs karkpaa et cdptdrdhotaret ef 1ve nneekear hdes
rem@\y@@dff@ﬁ‘ttﬁq@fmf%ﬂd}ye@ﬂ Ofhe t OGPt €9F | ige | Brfethe

ol 1 gonucl eotide at the position of the m smatch can be
lnv&rmmfm,ecRBAM@imr or Rt theceptwatch can be nodified

Wi | ce&eaoﬁ{‘% Anllde @dEMrOAN I NG &R hére@ srmy be
nuc

of the targ eot 1'de exchange or of the ce
at BNt epal rlammamlsan @m@&&m@ﬁuﬁm@rm@tw af i n¢¢l;/taln

T

emb(ﬁog ngg&?sor r\tq‘he exac oeigcﬁfggnk%ofg%hé{r Sbermioll?f|f@£r§t 0-2.

0. 3,pd3544,| dhs5i 0 tthe Glel,gﬂb-(ﬂ»r Hood, of. Wi clnbity2od, thedS larger

tharh Sl'lrmtﬁ}% o}_ﬁvﬁqveer cce C%orhéﬁevéjiég%oé% ebé”&éfﬂ%&ﬁ’ from
e suc nuc

rein, an o eotide can be readily
conmsu:gmaﬂ anoh]tﬁstsechf ttale mopdinf teddeiuhing hzeffzasity of the

cedures for_s table 30 oligo eotid
nucjaeecgccrcgeﬁeds%er el n% Rurer et nrg’%é]e?f i e odlarﬁ ?’P(namlc
meadureenmrcd Lot ale pa]ttetﬂmatp]aselty orhey d:dme km: saet etmisedaddy

mea s BT e S T S 1T oeR (Dot heL e LA cfibafeied
strap*f]ceff erza]bieyrr%tﬁreléy S heb RBA Tcanudbe ot xshess sadya § rone

. e m snat 35 certain e t dif
SHES AU RO TR R e g TRt it R R ces B
strddy cesttaidy Qj‘gborchaﬂ?ifﬂe&ner{m(bf Ik(f,}atcté)lbmisa‘imatmr&j a

osition u streamfro
‘g%m@i TRk én%ﬁ%]ic?&%m% hel§ nTR ettt o nSet of

nucleémcaé@ntcss 53}1% rgidircation 66 doraiegde fswmdd bp to
10kB from t he m smatch, preferably from50 to 5000 bp,

measiyrgitteterably from 100 to 500 fromthe nismatch. The

ol o] Botd 1def ritate AR dES etk @SrdHPriso G Vi Werhthidn may
| ength but generally vary in | ength between 10 and 500

contraig) ot ey, MAGH et dritelfiorova e fpgpridisation

chaf&@ﬂ@ﬂétdlec% dref e Hd B der toxi90 i 11 EndF &I 8E@bi¥rinity
from20 to 70 nost preferably from30 to 60

for ke doridhis. DNh gridnss e tthathel 1 rremi 1 DRt prere hi W t@enor is
proﬁbﬂgﬂjuﬁké(HoﬁJFEoligonucleotide can also be further

modified to become more resistant against nucleases, to
stabilise the triplex or guadruplex structure. Modification of
the LNA modified donor oligonucleotides of the invention can
comprise phosphorothioate modification, 2-OMe substitutions,
the use of further types of LNAs at the 3 and/or 5’ termini of
the oligonucleotide, PNAs (Peptide nucleic acids),
ribonucleotide and other bases that modifies, preferably
enhances, the stability of the hybrid betweenithe

oligonucleotide and the acceptor strand.
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10 targeted alteration of a duplex acceptor DNA
sequence, conprising conbining the dupl ex acceptor DNA
wG@emaeomso Wit h a donor ol i gonucl eoti de, wher ei PCT/NE2008/000151

dupl ex acceptor DNA sequence contains a first DNA
sefgﬁ:%“rﬂc@la%ﬂalxé BB PRNS edfieh dROhE tFRF5ORReare PNAS,

whléﬁthgmﬁﬁ?éﬁuéf@bﬁiﬁétaﬁ$¥b§@8§eﬁﬁ@r@”@h@hﬁégkﬁrlbgse

donor I gonucl eotide conprises a domain that
bacldermr icesthke tbbgenenkedistat Eh vephacedpert 2t pephede

%@X GEC EDL O %%gtf'&egu}?é‘@}@b&ﬁe bes alt gL educPEgf §Fabl¥eating

respect to first DNA sequence, and wherein a
unitsecef dhr of21¢re1rd@¢@nybl i @bmm%olir@l@d st%@lwhe@mwi@ hoonds .

Eacils +&ﬂ§t One Al g . ODE g{@gcx}r‘gg&a‘g
|n|t

nucl eotlde as to express a |g er degree o
nucl@pbdﬁef(ahsoBmWSSQQQGQ@e"Q@@gﬁkedWhDC@nm@ﬁnhﬁlﬁl@@turally

occ{siggne tide e %ﬁaw@él S&éégﬁq%{@gat@f &é&ggw&'sggédem n

‘'esence pro |ns re ca e of targete
ollgmmém)tbjded exehaeyes wwesef hcd hly LINA ¢<smpb@nembamexd BFA or

RN a dtIhSthaJ?gChe Ofa nlt}ﬁven% o@ltlg]éjflﬁl\%;lgﬁ f{I{]ﬁdeS?&?r&Dr@gly,

ion IS, inits broat
thegmﬂﬁultxdqyPMKWENka@tePNR/%NA dmplexe& baganh sgsesunhdlting

umans, L, ant s fISh Ie S
temﬁ?ﬁé%ur?ﬁu: na%%dag L ohon The |nven |onh$sP%%%$§%a%fe
PNA fRNA td[LQa]l’mdsté i Catmeorh of e anysdrypiet Dfe 300 DNAL C SUOﬂﬁC@Btratlon

cna il O TP Lmbcoml oo L orite patbhe of

PNAéﬂwéﬂﬁﬁﬂﬂﬁﬁoi@#&eiﬂ%ﬁﬁnﬁ¢%§ ey tiventégnradanide. The
n vivo X vivo. The in

erforme vent
synflEES 1 T SISt o 1o Hr=Sppt TGP by SE iy 2/20702 and
Wo I PPEES, fOie abdefdmgs aoﬁabﬂllc}ﬁCHf@Cim@@r;aoﬂ&Jt@rﬂlD@r@yn by

restoration to wild t i nduci mut at i
re TARRRAT vel | T o ShEYRRE By ol QHUPE | BIRoIA £odl Ny P EFbRS For
exa fYEKKW¢93¥E21X9tyn@fUnﬂléd States Patent No. 5,539,082,
009/002150PCT/NL2008/000151 an en % altering
%ch Feptingrepeated

1s syl iy ¥ eyt of) 2 trodt i R B BERE Y

her&ﬂdikﬂ? FEM Qhce in tHOEr i sventd©fedl spnrehat esohp héey
use ol i gonucl eoti des essentially as descri bed

sciqmish Hbet Wbl cabiont t @pFaglle cere , SHn sttt PhgFips as well

as tREAL IO NY-F £S5 0LRL 1 @R $0 yid d f&ﬁeexéﬂ@y@|nﬁa@el Nature,
mut ation, jnactivating an enzyme by disruption

199%0di oy reHfi on, NHoEEYi %l b 0actF ARG of 14 1en%§’/111e b§/97
Eqh@ 818 NAR oA T eghon, 119sh fyi NG GoPr OkLUASHY et al.

di srupting the codi ng ion, msmatch repair,
Nuclekgdiedal Resea s o o$9%%l%t’§%‘éhéﬁ%lq‘€)nnﬁ¥eﬂal J. Am.

Chertn%i@' nw@@elf%t@ﬁé@n E M geh &gk gene, repathand gene

invention further relates to kits,
199Tohph i B ity Bateobn eoral ol | Gordrel edremesSas. det PAddl14,1895;

on TSGR Slomtbe e 99L1 gk Yoo corbiont roph !

Useful further modifications of the oligonucleotides of
the present invention are also known as Super A and Super T,
obtainable from Epoch Biosciences Germany. These modified
nucleotides contain an additional substituent that sticks into
the major groove of the DNA where it is believed to improve
base stacking in the DNA duplex.

In further embodiments, advantageous results can be

achieved when, in addition to the modified oligonucleotides
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15 targeted nutagenesis and in particular that are
capabl e of TNE. The invention further relates to
wOorR@p00ae genetic nmaterial obtai ned by the nmetPOND£008/000151

the present invention, to.cells and organisns that

accauuhipd s tie rouia e yerfett dhemierd b 1C2 bt Phart s or
intt éy%ﬁéxyﬁébtJFﬂgéH&Ef%bﬂ%ﬁé“Eﬁ%k e del F iyt Pfof the

_ I gonucl eot’l de can be achi eved via ,
oligsinatlrespords iforr drheotarFeriont et Fomdl SYRR MM Efies 1Rt 1t has
beenar%utr]qpatq‘laetl qfydeld e iy S {hehud Pedheadugl &US B tHE the

cytoplasm 1n vitro testing of the nethod of the
inveprteisentwh inve nfi o ea rcdye micke Ve e e tihed el ¢d pyeimidine

st S e i:bed. | . ' 5. 4 .
ana s b {ipdbiaTas Ppiidorlt o g etriciency o
TNE isivenitfiigraritslyd n its broadest form applicable for
pur poses .for_ alteri. cel C '

B e e
madendtaitmean,c,i niact i wadri tregi rars eriziores byt dP¥A upRiZn W¥A, PNA or

codi ng regi.on di fying bioactivity of 30 an enzyne
Combdfaaﬁlt%éﬁ n ecfoed?rﬁ'g regi on, nodifying a protein by

dlilsfumt iing ddre dadiampddigicart s, the dhiegéomueleomidealsd the
. _relates to the use of oligonucleotides,essenti
Inve st et Hisrei T8I DY 15 t%?%%n%“g%ﬂorg'ﬁéwyﬁted'
modipﬁ(rjeroeqtddugac&iraasati on by restoration to wild type,

i nduci ng a 35 tation, inactivatin enzyme. by .

di S (5 GH o PR T ey or'e rfb]glr??}?%‘gf%‘?%]a%‘%i%ﬁ t§eostant
agai&ﬂst?ﬁ?t%ﬂ%eﬁ?’jeﬁ' tl&f:ﬂ&@ﬂ%%@(}a&cﬂ*@@h@@gedﬂ@ﬁi fyipgedent the

_protein by disrupting t codi ng regi on WO

o011 GRIB STLASPE N S0 DORATIEIT Cria¥ oho LparTS T b haraes
the BHA A 1B OftH{P| BRI YTRLden Bl €5t ddle tael fillhdgi genearget

mutation, targeted gene repair and gene knockout The
(acqaptatt N 9ttHer relates to kits, conprising one or 5

e QAo Agddesmes defimed heset o) seyheigcleotide in

optionally in conbination wth proteins that are
the b efeqthidR|Hy $28 RO TBHE HoR agbnkldf shusat can be

nod P& dd CUhd - tdato Argo € apabl #: Sha dBE can be Thedi Aveatyont
urther relates to nodified genetic nmaterial obtajned

+ depasyd e aretawar GFxteRt PrsErt FRIeht NORNARLSE Pt sthpdtargeted

nucleotide exchange or of the cell’s DNA repair mechanism using
the difference in affinity between the donor and acceptor
strands. The same holds for the exact location of the other
modified positions in the neighbourhood or vicinity of the
mismatch. However, based on the disclosure presented herein,
such an oligonucleotide can be readily designed and tested,
taking into account the test procedures for suitable
oligonucleotides as described herein elsewhere. In certain
embodiments, the nucleotide at the position of the mismatch is
not modified. In certain embodiments, modification is at a
position one nucleotide away from to the mismatch, preferably
2, 3, 4, 5, 6 or 7 nucleotides away from the mismatch. In
certain embodiments, modification is located at a position
downstream from the mismatch. In certain embodiments,

modification is located at a position upstream from the
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10 organi snms that conprise the nodified genetic
material, to plants or plant parts that are so
W@ Ri0aj0on3 60 The invention relates in partiPCI/AL2008000151
the use of the TNE nmethod using the LNA and . ,
mi s toPynel Motk § § &R BTiRtiReRbti dgse Jroghel FRLERR| bh tocated
fro Y148 é&fl(ﬂgé bi e heshBiRANES | bR ABESE1Y NEASM 50 to

particul ar t invention relates to plants that have
500heen prowd derke g rablesf 5erankt@O agai 1ot Feehi eheeslispaten.

| CWH f J i Cl ) .
Do S A g e 8 M S donrs o vary i
lendui tihet getetably ovaryethobedarh ibrireesnt nkl t ange? @l
nucfr:%%:tlf%cgésl de, ex¢ haang.rf%Fé%r‘%égnfc%/r ?i; a%%%@_xn%ow@egp

conprisin e steps o tai ning an

' prefdiajohyci ot i e tonld i sioge oefmiablhafres 2Qpee| 80 grost

bridizing t figrst ce of said dupl ex,
pre%%%ﬁ%i% %%gﬁ %%ﬁ%?néﬁo%%$$%§§ﬂﬂ%$) at | east one
mi Rivedred adpdrtr esdestincenthisor i pestt Dk sequemetheedior the

ii),at.|east. one di fied nucl eot. i
taré%%%%a%]etae%tb?rha‘? ¢ art n?%y?c%eréjt(?? @@ér%%%‘?%%c?he
comsht B4 A ecdieth iveemg Siathel dmoll $x eaccreiet @ot DR segueace with a

m smaich to about 8 or fewer,_nucleofides; an C
don?%xéﬁhﬁ??ﬁf%ﬁp?ﬂéﬁbH@%?%%{?d%h?céu%s%xi%c?g?g%%e%NA sequence
contaith €04 i fler ex cvem gee qddmn e netdicel $scdras eblNdns¢dreence which
. observatjons that the Limtations given in the prior
is e GO LORTRE Of | Gonubteot | I Fedhefie' fad Frdheft the
dondPad 1 1 den ek B¢ aT@e bedmpenséfea ndanaichtlead theprises at

ol i gonuc| eoti de nust e at Ieast_%énqgleftides iS notDﬁA
leaseRR? SREFRABED t eI FRORRCH ebt i e FfPTRR Presehe”
seqhdYEAtt OMbe AS] E@FedE SEEReFEIOIY et RPPesnded: exanphesfirst

ol i gonucl eoti des that contain one or nore nodified
DNA 3Ry edR ¢ e s 3D %?%r%%?eae???E%%%tofntﬁ$E5?%%ﬁ t he

oli didbefo! { oRYG] eOLE ORI th at 1dA€t | ON¥ENLNANand at least
urther relates to an oligonucl eotide for

. targeted
one P ¥R ¥RY bnt o %u%h%@%kd?»@é Vﬁe?%?ﬁe%%iﬂ ﬁy@ﬁgr gegree of
af £ 2009 002 150PCT{ N2 OHJA 00045dn 64 | @oiviEt 89t £ eafonphbaEBied
a domain that is capable of h%brld!2|ng to a first DNA
nuc beqbhe o2 bf tisat doedtpt e abdl 5B dOHbHRRACLBABE FSesin(B)C
pregénégaéf ﬁ%ﬁs@lﬁga{ggtméEQ £ESPSTE P thegbtegtnbfeotide
sequence; ) at |east one section conpriSing at 5
exchaage, oveerodl f e WR| éstPael hboned an fnéiehde@e of at
1ea?£”ﬁﬁ§9n9é{é8££ae whergip; saj e RPsfL€En NUC] eotide is
alL or a propyne nodified nucleotide (as described
heTle¢ nieveriwhen el s whin el bs sarea gl f FeEmnugtedtrigel iy
OgLEign c ' f s3kdn ARt CBnimals,
oeoPRELLVOTEY 21, TR5ECD, DE) 0988, 100h b ShARES chyimens
plawotspof eshpdiépedlascl éosedes, séhegt edopptiepépdend| 5o on. The
.___from anpngs . n P . iLfi c ti
snr LPTLATPRERRe LA, 200c8, PROPNBRLFALLLSH Becl g L6 o
DNA} heutMNAa s sDpBsdtrbned atrohegshomhe BHA, ndingareDNRan 8
nucleotides fromthe m shatch in odi .
R R e S i R S E
chrodekenti dBSAf r BATSAI dAassnBhehinvaentiohacan be performed in
. enbodi nents, the nodified nucleotide is positioned at
Vivapads BehlcPRoffd¥dVProm said mismatch. In certain
enbedi PRAE St i bhei 8pdifi edsnuebeatstlefbsmposppi baedlat for
nost 4 nucl eotides fromsaid_msnmatch. In certa%n .
many purposes for altering a cell, correcting a mutation by
restoration to wild type, inducing a mutation, inactivating an

enzyme by disruption of coding region, modifying bicactivity of
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20 enbodi ments, the nodified nucleotide is positioned
at nost 2 nucleotides fromsaid msmatch. In certain
weeivogiarent s, the ol i gonucl eoti de conprises doPei/NL2d08D00151
i s capabl e of hybridizing to the first DNA sequence, of
an arivynfuphedl iemy FaHing dasian cdigiti 5@ 3 Npotein by

eotide for targeted 25
dlsr,ﬂj{tl[ rhq%rEg{eeecxdc?{r}ange ¥%§4 ‘dupl ex DNA, Vmgfelen said
olTihgonwseadtiiade ad@eprieded gsa)ta tﬁ‘(ﬁjllﬁ%dﬁn&]ﬂaﬂﬁ%leo’cldes
esseg'[’cq](akl)l%lég St{%stccthlﬁ@ot hd Qﬁféféfé a &4 ant of 1 5@ 4 ce11,

erein sal modi fi ed 'nucl eotide is
cormnnwrﬁednmom Iy ctesota ket eyt F rovd & i g shirdeping a
SGf, f Fi
mut qhel%erﬁal;:lI{caoérJeelc{}rqaetgler?{ Elatq} één ry ec%ls ur‘Puc]l eoﬁ%eé%%mg

regle»mhamgnfmgadmmm\mnm exE [armemznamﬂj b:somlattemrg; acoding

nucl eot at_is to am_qgg {
regig SOt ac%dldfeﬁflhnhga Qb‘ob propyn py m dene no &%Pon’

mi snacrdr nﬁpaglmwudiaecm;etcéei a\mmcﬁomomamummwl

(schemat i i ven as. . NNNI nNN \
mat ezl g ST ot S TS THe TRk (Rt (e Heir and
geneadaﬁtpﬂmdtdonor structure is subj ect ed to or brought
oc:onta %%ﬁlenwro rrent t |s La abl e of
orlné7ter1 LHegr &5t ssthaﬂ e 'capabl e of 5 °N¢ °F

morep&:rllej'd’ﬁdtgLe-H‘ﬂE,dé‘sJ(Hs aﬁfarr%dﬂlmlma:as éhﬁavﬁﬁiﬁe fregtionally
enzyne mxture or acell eetextract ee |

in ARESGSASY WAOOL PRGOS That iR B e Bfueing

taréaﬂé&ﬂmﬁﬂégéﬁeéid3kﬂﬂyﬁyiTﬁﬁﬁxyﬁufﬁmlthat are capable of TNE.

L SN Ot e e s P L material

obtad rilePXY HY Wd dﬁa@@@mﬂte ianeedooked twidells and
aci ds. gure 3. Sequence analysis of the ALS

orgamfs?mst&la&oqu fihed b st et ¢ dG g R to
plarftTe0 Ealdd .pdid Wrditala ROR prostuctseqer e ¢l oned and

S%%gsgg?idé};EEESGéEESE%%nJE%eotlde can be achieved via
electroporation or other conventional techniques that are
capable of delivering either to the nucleus or the cytoplasm.
In vitro testing of the method of the present invention can be
achieved using the Cell Free system as is described i.a. in
WO001/87914, WO03/027265, W099/58702, WO01/92512.

The invention is, in its broadest form, applicable for
many purposes for altering a cell, correcting a mutation by
restoration to wild type, inducing a mutation, inactivating an
enzyme by disruption of coding region, modifying bioactivity of
an enzyme by altering coding region, modifying a protein by
disrupting the coding region.

The invention also relates to the use of oligonucleotides
essentially as described hereinbefore, for altering a cell,
correcting a mutation by restoration to wild type, inducing a
mutation, inactivating an enzyme by disruption of coding
region, modifying biocactivity of an enzyme by altering coding

region, modifying a protein by disrupting the coding region,
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Exanpl es Exanple 1: TNE in the cell free system
A i gonucl eoti des contai ning C5-propyne pyrim di nes,
wo pa9AR1ImC] eot i de or combi nations thereof werBCT/NL2008/000151
~ purchased from Trilink Biotech, Genelink or R botask.
misr@tiqomesiadat i des aediachiadi iy adtiesy Ao disrliasy MfRNE6S des
re pur r QORI KC. S ;
mate\gﬁag‘dng&gg%t%ﬁglgfs g%rsﬁeeg%gre sr?gl\(/:(mtigr:r%% Tabl e 1.1(Ec'lphatelrle and
geneplkamikdpuised in the experinments was a derivative of

pC@%el ig‘llvré\ﬁit&ro?lg%glkt %I r.(éq.%]tﬁ%!snscog%%%,c nﬁfrriisqgl_gd one or

bot'h "’kanamycin and carbenicillin resistance. Plasm
mo reKrA2stnoe s islsFAR s aleFA® aruthetiedm &l ssopdwrer2ontionally

, the .k i F. 1.n .pl i 2 i+ d .
0 Cr?ﬁf%lé%{%g ecgpl ttgr?é) r\?f% l@‘osgzgr?a?“r%g V\?Céﬁjt a%gefjreqfe?l ed to °
targ@t@ﬂﬁﬁt@gfa&m’sﬂﬁﬁ%in{ mtaﬁ(njh:qdlaasmfp& artee depredmhciaf TNE.
as been a a . Thus. . .
e P on e e M 0, By B P material

obtagffdienahe mepheduce nid gotdsdmts ubsterttuitaronst wrcells and
insertions by incubation wih.either Kny22st.op .or

Or TS ks Iy 8 T VGG TRGE (O PP Tt AP

plar@%CER E-E%cl;@@% A tGAG h a0 2Q0 HD R2EEARER .NL2008/ 000151

F Gr DWA KnY22st op GAG A A TIC GCC T

CABTGR IR IEAN TCAG ERL I @R 3IAGAC AR RS HE G TN

methb GAG nECEHECANGAA AR IR~ rddithed &l levpntucesptenies of
of the kananycin ORF and the am.no acids encoded ar.e

the JRFRREITRe &1 MY 1nifc| RIS RS G ddt &S In
partfiIRAYG Hhed iHveh GO {TEAGs "o Wil intitatudedraeen

provided with resistance against herbicides, in particular
sulfonylurea herbicides (e.g. chlorsulfuron) and glyphosate.
The invention further relates to a method for increasing
targeted nucleotide exchange efficiency of a duplex DNA, the
method comprising the steps of (a) obtaining an oligonucleotide
comprising a domain that is capable of hybridizing to a first
DNA sequence of said dupleX, wherein said domain comprises: (1)
at least one mismatch with respect to the first DNA sequence;
and (ii) at least one modified nucleotide having an increased
binding affinity, and(b) decreasing the distance between said
modified nucleotide and said mismatch to about 8 or fewer
nucleotides; and (c) recovering an oligonucleotide for use in
targeted nucleotide exchange. This method is based on the
observations that the limitations given in the prior art for
the oligonucleotide, i.e. the requirement that the distance
between the mismatch and the oligonucleotide must e at least 8
nucleotides is not a requirement of the oligonucleotides of the
present invention. As can be seen from the appended examples,
oligonucleotides that contain one or more modified nucleotides
are more efficient in TNE than the unmodified oligonucleotide.
The invention further relates to an oligonucleotide for

targeted alteration of a duplex DNA, wherein said
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10 previously described (Sawano et al. 2000 Nucleic
Acids Res. 28: e78). The sequences of the
Wobiogoomisl eot i de used in the experinments are SPONNL2008/@00151

ol i gonucl eotide binding region is underllned on the

lidemamad il GRoomSr i s F rédnakiaiizat is epgbie ertf
| e & I O
oSS IIRITE LIS dotla o6l e B o o
domaaitd qpnidsemdera hniat orast 200 Mt efh Wbk af¢opect to the

f E 5 5

i B LRSS, SEFS e sye YU Kk bttty o

leas'ﬁhe)rpi amtd dieberd snwwelse pel det malv byg c@rmurhcﬁcm%nbﬂamdaw

aff f or I:Tp’eor mrFSsa?ﬂQ I!;l(p(?l 1 c?rﬂ%fégtm f’§ of eﬁNﬁtor
'ﬂ‘] ei n concentrati on was neasured usi ng t%e

proﬂ*ﬂﬁﬂﬁQﬂmﬁﬂé@tnqdlﬂQﬂnﬂeH ékcﬂﬂﬁﬁribﬁﬂ herobn tgpsearere,

ol at
wne gl SAOL ARSHLL S8 H AR RIE Iy SPREEN sAld 8 o o
nucmﬂzaierwdfﬁdqe daold amsrgatxdnpohemesrtapg phlasiimeDNA the
KnmY22st op or KniY226 100ng_ of. onuc| e9
secé%ﬁqﬁ ?ﬁ%ﬁ% ?ﬁ%ﬂ%ﬁ?} Fﬂ?%ﬁfho£ nuc Eig§iw§Qchted

eare
mde(;i’@gietﬁi)ly 2pdompr at@aget | MM tand na prﬁgﬁymécm@@nﬁled

te EDTA-fr r.ot ease | itor cockt ai
nuclaplG A Rore Rt as) chied (o Gfain
embd&%'@ﬂoim;n%ﬂé erNK (‘j‘rﬂ@f‘@ds'sriottnﬁr%'% 5[:,2 B@@sm\/lcﬁ@é:]liutmgbjt more
i ne eac .
Ehang o i A e TR HPe i AT SAD) L ade? i 8 e et pnts
the \tRbAHE; & ﬂﬁ&ﬁﬁoﬂﬂdé1ﬂ%ﬂﬁﬂ51816h@mxéﬂrﬁbMﬁs8Sﬁucleotldes

i ncubated at 37C for 1 hr., The asnld
from st do HLRFI 1 oW C%‘bﬁaﬁ“k%b % era%% Flea
nucféﬁﬁidéﬁhéCbééﬂ%f%ﬁéﬁt£@lﬂ&%@n@ ﬁ@&l@@@ﬂd@y POOplsaid
| kal i ne buffered phenol (pHS8-1

i ST} 00 SO N 2080 SRS 'Th‘f}%e vaa%dlv%lr?%x%ﬂ%??‘éﬁﬂ@ is
os?ﬂ"por{&?na@%éﬁ f Mgeede Bk 13Ks r prad Ofad hSmadbe. Uppetertain

aqueous phase was transferred to a new tube and 200
emb et eR T Br it RSN Frehl o duec LRt 5d%weds vBP T BX BB &F I ‘50“ 2
nuc SR @ s 18Korh PaR { @' Bs A ish anth t her egugoseb HABBEnt s, the

transterred to 5 a new tube. The DNA was precipitated,
olqugmaabmtmﬁ oFomR 71 9% U2t priopaihol S afrP ke pef | Bybridizing

ff%?@ | € Y té18dsaid domain
to {ﬁlgonuc eotl é%ﬁéxbg %ggpggs%g%y%%erﬁgécfa en PCR
compui$4$$ cat Hohs commh%mome Zﬁama@hmowml%%%% faratargeted
0 S PINA,
nuc{%%@%r%ﬁ%%ateﬁé? 9%8 1&5%?%5 €$§02$ ?nV|tr%§é%)
oli@wlmbmb@t@cvmmedsdas Nt@rm@deéte@p@uﬁgl%hl@ﬁe and(b) a
mi sELLR § f%é@&@@ 16 Lecoyehalfe SO Fediyi & OpNANT whkbrein
er|o kanamyci n was ad

saldommﬁnixadl@mcbéoﬂﬂ@@giﬂﬂp@ndtlﬁ@ede&b@umeleDUﬁbﬁ@biéé away
frofora furthe hours. The el ectroporation efficiency

Nas® t21 T a?e 15 by counting the number of col onies

obt ai ned fron1a 10-4 and 10-5 dilution of the

el ectroporation plated out on carbenicillin containing

medi um The TNE efficiency was cal cul ated by dividi ng

t he nunber of kanamnycin resistant col onies by the

t Qhd cFiipbEén OF t EwasFDgubsls cel | s cal cul ated fromthe

nunber of _ , .
Figure 1l: Schematic representation of targeted nucleotide

exchange. An acceptor duplex DNA strand containing a nucleotide
that is to be exchanged (X) is brought into contact with a LNA

and C5-propyne pyrimidine modified donor oligonucleotide
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20 carbenicillin resistant colonies. Results Cell

free experinents using Kn¥22stop 25 The nodified
woembeatisdes i ncorporated in the oligonucl eot i PEENEZOBMO0151

in table 1 are as follows. Met hyl phosphonat es

(schepR)t ied ToeHivs & BT eNeNagVl Mhal 668 taRNeR % Sfai n

nuclrgf‘bcé e d & %{r@grﬂ'@i hW)phoﬁg‘%@pﬂdﬁKﬁﬂ%r ifstiedire is
0 the nat ur al y occurring negatively charged 30

subjsidsyshddi est & dweids . 1M ycAhAC etk lexare i Vel gy that

. i . . |

1o SO SRR G0 IR e g, e of

per ficnovimg @NEor muwiy e sstats kil exestheharekhefyee enzyme

. _.carrespaondij i m dj rj ives. e,
Xt s § icgﬁqo_]&y %%ﬁ%‘?ﬁ%gg;%@é dle%f@cw;ﬁ%i ne
WOO](/E—ZNE}ZQC) has been shown to increase the Tm by 1.3C

per. substjtution. nt.hesi.s of_ 5- 1- )= = :

d Erdﬂﬂﬁ% g n th(eﬁ‘&@a%a/l - BT 5o poyén 3/5 1J)CH g!i-)&ye@x y%eyoﬁ et
5—pé?ﬂ#ﬁyl4&@6%?%@%QQ£&&QPCZV$®é&&¥#1%ﬁﬁdﬁyﬂy&r7—deaza—adenosine
enonstrated that both substitutions. enhan dupl ex .

and giheni 48P VSbEt IR O 1° FETIRA G LIE £ oy Renucleie
acids]}}e ﬁs gosi tion of pyrimdines allows better stacking
of the bases since the propyne graqup js_pl jth
r FBEe RSB Sty it b 405 HaengY ighgton
ampf¥fﬂ§ﬂ“¥fd%WH@f%ﬂB%Héwgggﬁékéﬂﬁ“hdﬁ%ﬂﬁ”céﬂmﬁ$fﬁéﬂividual PCR
property contributes further to an increase in
prodhiqidi mereDdicdediail e queersfthnded by LIRE 3 pdU
and 1.5C per pdC residue. Morpholino oligonucleotides

are DNA anal ogs in which the ribose 10 is replaced by
a norpholino nmoi ety and phoéyp@mpbasi dat e i ntersubunit

I i nkages %e ed instead o_‘];f_ohospho i ester bonds.
Tﬁ@?“%i?l e t'hs ISP ot 3 S¥6Tkout studies in
zebrafish (Genesis, Vol 30, 2001). They have al so been
used to correct aberrant, splicing of a mutan - [
pgg&gqgﬂcqﬁqqddes containf%g C5§%ropyne g;&fmfhfgé¥¥rhNA
nucleotide or combinations thereof were purchased from Trilink
Biotech, Genelink or Ribotask. Oligonucleotides containing-

other modified nucleotides were purchased from Eurogentec.

The sequences of the oligonucleotides used are shown in
Table 1. The plasmid used in the experiments was a derivative
of pCR2.1 (Invitrogen) that contains genes conferring both
kanamycin and carbenicillin resistance. Plasmid KmY22stop has a
TAT to TAG mutation at codon Y22 in the kanamycin ORF. In
plasmid KmY22A the third nucleotide of the Y22 codon (TAT) was
deleted to produce a frame shift. In both plasmids, the
kanamycin ORF has been mutated at the same position. Thus, a
single oligonucleotide can be tested for its efficiency to

produce nucleotide substitutions or insertions by incubation

with either KmY22stop or KmY22A respectively.

Km WT GAG AGG CTA TTC GGC TAT GAC TGG GCA CAA CAG
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15 (Lacerra et al. 2000, Proc. Natl.Acad. Sci. USA 97,
9591-9596) . Locked nucleic acid (p-D LNA)
wo poogoxdescri bed by Wengel and co-workers ( KosPKI/NLBIW0S/000151

al . 1998, Tetrahedron 54, 3607-3630; Singh et a
1998, Chem dnmi. 455-4B6) @nd by IPHani&hi And' Q@ @
C oS KEF Sp (e bs@tcdl -TOUWhsc Teld ahedrass Letk . cB9.cac
5401-5404) 20 are icte
nucleotlde de¥ivakives. They @ontain a nethylene 2'-Q

kag qdyC or, [ I
fl ex%élpl tyeGaAn%q%:%%f er seIgrthl\l%cf?{He— C%‘@é efﬁt&% GCA CAA CAG
conformation Eo the sugarFnoi@ty of the nucl eotide
(Petersen et al. 2002, J. Am Chem Soc. 124, 5974-5982).
This greatly enhances 25 the affinity towards DNA

The t we evant npeguénge Tof of hankahdgpnie| @BF | dedbyhd- @Ciperacids

encc'z o fod Cegh&'ﬁ\}&l’”?ﬁ‘?”g@cﬁ{%ﬁ@ﬂﬁﬁ@i& f@&ﬁ%ng@ugygk exg88

delélugnTﬁn@@@tn@g aPstori pdbden ETA@Ieg]eQeaﬁdlntroduced as

lications. . Marc Dekker, 1nc.

prefﬁ?’ %%s%%%?edTE%a%ﬁ%%e?gl 2 s ere%%gon%% grRes. 28:
e78 P- DrthdAsedihence k- éfwth@a@1£¢emu&memtSd@dmedd it tBe

we| | known that P-D- | ocke g ? A%
eXPEOHIRI Rt AT TRAY™ ho e Pigpririec bidhe A \Caien 1s
unddNA idel@pdn at e f eamariNeBh sewE et al . 2002, Chem Eur. J.

8, 3001-3009) which is the natural form of double

stranded DNA. 35 Due to their increased binding

affinity both these LNA forns have been shown to

gggfve the antisense properties of WO
EMeRPSFAY 2008/ 000151 ol i gonucl eotides (Kurreck

etcaly 2002, 2 NuCys ARl b . pdeford 914510335 . FriSfen buds
et al. 2003, Nuc. Acids Res 31, 6365-6372).

from]Ag@hg@@@@;$d§§abe@@$nge¢¢ﬁype Col-0) were collected and
gro@E&hﬁﬁﬁ 2nf§£ggéﬁac égﬁfs% %lefs@ia@i&HeEuEPQrOQZOmM

he'sequénce have ity 5 to infercalate
HEPm fph&"r’ e511 | Sy nK@la Hout¥ Mdield,x . 10mil PTTht eral Eit/or)

glyé%yd&t' NEL CRIED) hyPpj d, 54 abkhigy @{enﬁw%ﬁf | 8bris was

onal |nd|ng energy crldlne
peldtigdnugl eott defudaveobern LisledRFM é@plB@aml@ﬁsamﬁetee

supef%gggsed%é% %tereg éﬁ ‘%69@”“f65h5%g€eﬁxbéégé h@ ation was

cru fon of the dye to a gonuc I de
meaSuréerus hug amsoN@m@@E@mgetmEtolMgbmuuleothebéﬁoniHC)- A

ucl easge. degrada The 2-a
typ%ﬁ?% he TR Ay i i% it r it %}?nnégg%ggggkfgn of
appfﬁﬁﬂﬁ@ﬂeﬁyT3ammg£iIlbBS@ palt St@@lteaqtﬂunstoonhelned the

formati on of an additional hydr gen bond. 15T
fol bow ReretPRPORRRT 2ot Hie Ll Atk ANA: (GRRR2FRoR A6, Km¥32 ),

100ng of oligonucleotide, 30pg total plant protein, 4ul sheared
salmon sperm DNA (3pg/pl), 2ul protease inhibitor mix (50x
conc: Complete EDTA-free protease inhibitor cocktail tablets,
Roche Diagnostics), 50ul 2x cell free reaction buffer (400mM
Tris pH7.5, 200mM MgCl,, 2mM DTT, 0.4mM spermidine, 50mM ATP,
2mM each CTP, GTP, UTP, 0.1lmM each dNTPs and 10mM NAD) made up
to a total volume of 100ul with water. The mixture was
incubated at 37°C for 1 hr. The plasmid DNA was then isolated
as follows. 100upl H,O was added to each reaction to increase

the volume followed by 200pl alkaline buffered phenol (pH8-10).
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resistant to a variety of ribo- and deoxyri bonucl eases
and also formnore stable hybrids with conpl enentary

WG 2@9/00 66 . TNE eff. 1 0.25 0.5 0.3 T* 0> PCT/8E2008/000151
Thi;régs-Loé%éieélgiié¥iy(§;dItﬁgz ézg¥}ifuged and 13k rpm for
3 mins. The upper aqueous phase was transferred to a new tube
and 200ul chloroform was then added. This was vortexed briefly,
spun at 13k rpm for 3 mins and the aqueous phase transferred to
a new tube. The DNA was precipitated by addition of 0.7 volume
2-propanol and the pellet resuspended in TE. To eliminate any
co-purified oligonucleotide the DNA was passed over a Qiagen
PCR purification column and the plasmid DNA eluted in a final
volume of 30ul. 2pul of plasmid DNA was electroporated to 18ul
of DH10B (Invitrogen) electrocompetent cells. After
electroporation the cells were allowed to recover in SOC medium
for lhr at 37°C. After this period kanamycin was addéd to a
concentration of 100ug/ml and the cells were incubated for a
further 3 hours. The electroporation efficiency was calculated
by counting the number of colonies obtained from a 10™ and 107
dilution of the electroporation plated out on carbenicillin
containing medium. The TNE efficiency was calculated by
dividing the number of kanamycin resistant colonies by the

total number of transformed cells calculated from the number of

carbenicillin resistant colonies.

Results

Cell free experiments using KmY22stop

The modified nucleotides incorporated in the oligonucleotides
shown in table 1 are as follows.

Methylphosphonates (MP) are non-ionic nucleic acid analogs
which contain nuclease resistant methylphosphonate linkages
instead of the naturally occurring negatively charged
phosphodiester bonds. They have been extensively used in
antisense approaches in mammalian cells.

C-5 methylated pyrimidine deoxynucleotides (5Me-dC) are
known to form more stable duplexes than their corresponding
pyrimidine derivatives. For example, substitution of 5-methyl-

2’ -deoxycytidine (5-Me-dC) has been shown to increase the Tm by

"~ 1.3°C per substitution. Synthesis of 5-(l-propynyl)-2'-

deoxyuridine (pdU) and 5-(l-propynyl)-2’'-deoxycytidine (pdC)
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I 0> | 0>1 0.25 Mdification, position G.I ON
p-D-LNA, 11, 13 p-D-LNA 1, 3, 5, 7, 9, 11, 13, 15,
waz09a&1521, 23 p-D-LNA, 2, 4, 6, 8, 10 12, 14pC/BL2008/000151
20, 22, 24 p-D-LNA, 10, 14 ST 'OT 'NdNa-c-d a-L-LNA,
has demgmstrateiathap bagh gabsqbtugiops FYRGRGE - AWPHBX
statd¥ 10, subsOLMNMe 1 dA# of methyl with l-propyne at the C5
position of pyrimidines allows better stacking of the bases
since the propyne group is planar with respect to the
heterocyclic base. At the same time, propyne is more
hydrophobic than methyl and this property contributes further
to an increase in binding. Duplex binding is enhanced by 1.7°C
per pdU and 1.5°C per pdC residue.
Morpholino oligonucleotides are DNA analogs in which the ribose
is replaced by a morpholino moiety and phosphoroamidate
intersubunit linkages are used instead of phosphodiester bonds.
They are used extensively for gene knockout studies in
zebrafish (Genesis, Vol 30, 2001). They have also been used to
correct aberrant splicing of a mutant B-globin precursor mRNA
(Lacerra et al. 2000, Proc.Natl.Acad.Sci. USA 97, 9591-9596).
Locked nucleic acid (R-D-LNA), first described by Wengel
and co-workers (Koshkin et al. 1998, Tetrahedron 54, 3607-3630;
Singh et al, 1998, Chem. Commun. 455-456) and by Imanishi and
co-workers (Okiba et al. 1998, Tetrahedron Lett. 39, 5401-5404)
are conformationally restricted nucleotide derivatives. They
contain a methylene 2’-0, 4’'-C linkage that reduces the
conformational flexibility and confers a RNA-like C3’-endo
conformation to the sugar moiety of the nucleotide (Petersen et
al. 2002, J.Am.Chem.Soc. 124, 5974-5982). This greatly enhances
the affinity towards DNA targets improving Tm of an
oligonucleotide by 4-9°C per introduced LNA monomer compared to
unmodified duplexes (Wengel, J. 2001, In Crooke, S.T. (ed), ’
Antisense Drug Technology: Principles, Strategies and
Applications. Marcel Dekker, Inc., New York, Basle, pp.339-
357) . The properties of a stereoisomer 6f -D-LNA, the a-L-LNA,
has also been studied. It is well known that (B-D-LNA is locked
in a A-form with compelentary DNA, however duplexes between a-
L-LNA and DNA adopt a B form (Nielsen et al. 2002, Chem.Eur.dJ.
8, 3001-3009) which is the natural form of double stranded DNA.
Due to their increased binding affinity, both these LNA forms

have been shown to improve the antisense properties of
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p- D-adamantyl -am no LNA, 10; pD-LNA, 14
Met hyl phosphonate, 1, 2, 3, 4, 20, 21, 22, 23
wokphadisho 5Me-dC, 5, 6, 7, 11, 17, 18, 24 2' POF/NE2008/000151
~inosine, 1, 2, 23, 24 Sequence ,
oligopuyekealyt@at afffenert hget t §t gceleyt Faagetghdfagles- 30,

191 11019{E Cafd LoJatclnArTaro 443 Gole CoAL B AgREERAAIC365-6372) .
t gt gcccagTc2t Agccgaat agc tgtgcccaglc2t aGccgaat age

t R erwagt Baaydey dee and gtk ceagTmagCaeikiagracridine
molé&ﬂﬂ§Qﬁ?%ﬂ%%épQ§Q§Qngﬁthin the sequence have the ability

to intercalate efficiently into a double helix. This
intercalator thus increases hybrid stability by providing
additional binding energy. Acridine-labeled oligonucleotides
have been used in applications where increased stability of
oligonucleotide hybrids is crucial. Addition of the dye to an
oligonucleotide 3’ terminus also protects the oligonucleotide
from exonuclease degradation.

The 2-amino adenine binding to thymine is intermediate in
stability between A:T and G:C base pair stability due to the
formation of an additional hydrogen bond.

The 2’-0O-methyl nucleotides, such as 2’-0-Me inosine, are
resistant to a variety of ribo- and deoxyribonucleases and also

form more stable hybrids with complementary sequences.
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or TT zZI ET VT WO 2009/ 002150PCT/ NL2008/ 000151
Al'l oligonucl eotides shared the sane sequence and were
waele®pgeas t o convert the stop codon (TAG at YE(ZT/NL2(108V900151
kananmycin ORF into TAC (tyrosine) by TNE. The m smat
ALl (Rt EBtu P qtsl datl et 1R, CHOVRATRR ST TR T 2R preken 8signed

to AMHRAIf il NAWY o uﬂwcatseyiptcsprtsné epseSEPEin ORF
nmodi fi ed nucl eoti des (base, sugar phosphat e

int gy dlAb offey Tasti e Jo Y Eoﬂ%ﬁbﬁi&ﬁ@hsmf ?@otge ahdl
undéﬁelr{eoposwwé%agb tf&@éf@%@é&ﬁ@%ﬂ&@lﬂp@awm while

nucl eoti des 1 ncluded i n each ol onucl eoti de are
uppestea IRl . 1 Sthee rENE & 6§ 28 Teth Ao G i Mt i ohide ot hafeei ssugar

prerﬁa%%i @aﬁ é Qh ki 18 LNC SRS & A %ﬂ@ﬁﬁ@@f@as of hdNEo£)
ar e W t

e TNE efficiency of the DNA only
and diheglmmselduqie (ol ey el aptuelee oty T den Tfe%lsftiOdlfled

nuclggogi ea@%%éﬁﬂ&&&%@ @Aé@%%&s&g]ﬁso UELE d&’Péthf ., The

series of experiment
TNE reffliiciaresy off atdgo dl sgormnglefariadrel s Wldlr%?ﬁﬂ!@uﬁi%hthe fold

bet wee d| e Yy | e
inc ocat e O{ He gr‘sgaen)rs (pfl gonuc({medc‘)%lfljééi &%nwe }i‘/‘ggwfd Sfficiency
of tm:a:llﬁNPedardly gonupdreot ietetide sfm]vm'gcprruct)]c&@tﬂ(@egl . At least 4
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deoxycytidine. In control experiments, no kanamycin resistant

colonies were obtained when the oligonucleotide or protein was

omitted from the reaction.

The oligonucleotides were designed to produce a single
nucleotide substitution or insertion in the KmY22stop or KmY22A
plasmids respectively, restoring the ORF function.

The experiments demonstrated that the number and position of B-
D-LNA nucleotides in the ss oligonucleotide is of relevance. An
oligonucleotide (oligonucleotide 2) in which the [B-D-LNA
nucleotides are placed next to the mismatch nucleotide shows
less TNE activity compared to the unmodified oligonucleotide.
Increasing the number of B-D-LNA nucleotides (oligonucleotides
3 & 4) results in a biologically inactive oligonucleotide.
However, an increase in TNE efficiency is observed when the B-
D-LNA nucleotides are separated by 3 or 4 normal DNA
nucleotides that include the mismatch nucleotide

(oligonucleotides 5 & 6). Given the more DNA conformation
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The optimal oligonucleotide designs were also tested for their

ability to insert a single nucleotide and restore the

functionality of the kanamycin ORF in plasmid KmY22A (see table
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to obtain a optimal nucleotide insertion efficiency.
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Sequence analysis of cell free TNE events

All the oligonucleotides in this study were designed to
convert the stop codon (TAG) in KmY22stop to TAC, restoring the
kanamycin ORF functionality. In order to establish the fidelity
of repair of oligonucleotides containing modified nucleotides,
plasmids were purified from kanamycin resistant colonies
obtained after repair with either oligonucleotide 1 (unmodified
DNA) or oligonucleotide 18 in which all the pyrimidine
nucleotides were replaced by C5-propyne pyrimidines. When the
TNE reaction was performed with oligonucleotide 1, all 40
plasmids sequenced showed the expected TAC repair event at Y22.
However, when oligonucleotide 20 was used, 28/38 showed TAC at
Y22 while the remaining 10 plasmids contained TAT at this
position. Thus, while Cb5-propyne pyrimidines enhance the TNE
frequency, they also influence the outcome of the repair

reaction, making it more error prone

It was demonstrated that, using an in vitro TNE assay, the
cell free system, oligonucleotides containing both C5-propyne
pyrimidine nucleotides and a specific spacing of LNA’s around
the mismatch nucleotide do show significantly higher levels of
TNE compared to the TNE efficiency obtained using normal DNA
oligonucleotides. This enhancement can be as high as 14 fold.
This enhancement could be improved further by targeting
pyrimidine rich sequences so that percentage of C5-propyne
pyrimidine nucleotides is maximised. Efficiency could also be
further increased through the use of 7-propynyl purine
nucleotides which enhance binding affinity to an even greater
degree .than C5-propyne pyrimidine nucleotides (He & Seela, 2002
Nucleic Acids Res. 30: 5485-5496). Combining propyne purines
and pyrimidines allows the production of oligonucleotides in

which all the nucleotides carry propynyl groups on the bases.
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TGGAETGET ACAATEAGCEHEACACTT CEAFEGVET THaAECTTREHT AAGATRGET G s

T T . .
D R ST A ARG R RN O SRR T SIS RS 0
indeQCHIAABAGN due to the action of oligonucleotides. To this
end,mTAqr p% nts h(aI\-:’fAeGAbL%r:lT-E:%Ae%TtCeA g%rggs he
bactEARGT TG el TKXShA ECCTIVT GESAGKIARMCAT & TAET LT e ri um-

GCATATGEG , ,
med LAt PRCATERSHIERACTOA REGECAT ACHRERFT CAACENT GEACTTNACGET 795~
761 T/i ChAransformed plants have been tested for the correct

"CCACTCTGCTAGGACTCT TAACCT TCAGGATTACGGAATTGCTGCTGGAAACTC
resppQSEAACCP-FC, and were maintained as in vitro shoot

cul t%%%%@%@@@%@%%ﬂ@g AT ECEANIISTET

ver SHGHT AGCEGRA IGTIOWimi zed

SEQ Pl
tor FPEACIAS FOIRIOBleriance 0 Lronlation
effigiimglcy baseplpaitr daislert iTre atequost toDNthe ¢dwors opnini zed
c of the .CodA gene. Propynyl ated cytosine or uraci
Odﬁuﬂﬂ "ot'i%fes are indicat ed Cp or Up. At the positions
two nucl eotides away on either side fromthe
nucl eoti de corresponding to the intended insertion
(insertion nucl eotide, undarlined), LNA residues have
been incorporated (indicated AA, TA, CA or (A).
Control single strand oligonucleotides consi st of only
nornal DNA reS|dues (no ~propyne pyr|n1d|nes nor LNA




WO 2009/ 002150PCT/ NL2008/ 000151 one tenth of the
original concentration, vitam ns according to Mre
wa@eaoNexipmre' s medi um (Morel, G and R H Wt nBCENL2008/000151

RO BF TR MG AR Ao B AR AR E P e LAGRcRaaaAC

TTTGBLREATUCRUSETCAGCARGEAARBANCICIGCQAQBCAY GRaRAGTareseaGTGATGC

b Cae B R AT AR e Fal o crcacccr

ACATFEAE@ggGﬁTAQAHNTGRGHC$GCTGGQUAAQCTZ@@TQQAH@CAG@CE@GAACTCTTT
al so_ a e

TCCRREGBAT G AP COEPSBE PRCABRAPFERT CE ShAT ohTFAGEAGERIFTFAACCARA

GGG@TT@@CREAUT@T@AA¢T@GC@GR@QGQmﬁACGQA@&TéﬁGéAThTGAEGQCTCATGTGG
are transferred

ul |
ATGF@EQ?G@@@CB@CH@@T@C§§CTCEﬁﬁﬁﬁgcgﬁﬂgcE@pﬁ@@T@ﬁAGCAGGAAGTCGCGC

CGT@@A@'@GA@@TTUR@AT@@@G@@T@@t@C@CﬁﬂGA@hbXA@C@tI‘Q@b@@h@CCTﬁACGGAG
whi ch through the action of the ollgonucleotl es a

AGGREGETChARGRCRESCHEETRrPedT THORRETEAT gET CEEREASETASCEETCACTTCG

AGT@@ﬂé@AGé@ﬁA@A@@@ﬁGT@GA@@C’.f['@*i“@CQC%GQCT%E@CT@WG@@C@@QAGTACG
rollferate into r ot opl astderi ved m crocol oni es.

ATAGHKTTATEEHRETTGARECEFA ERAGABEGATEATGARBACTCAAGATTCGTTGAGACTG
TGG@’[‘@&’P@%@é@:'réﬁ'ftXii‘@A&@d;ﬁ?ﬁT@éG@é@TAéﬂ@%ﬁ&@@@T%@T%E}ACTACTGCTA

medi um The agarose beads by this tine apart
TGC%@T@TEA@&B¢§G¥@CTT%ﬁ%¢%?CTh@GﬁTETB@Gﬁﬁﬁf@gT&BEhTQTCTGGTATCAA

CTTc‘:“t%G@PdHAff@'Té'}'FéT ﬁA@A'P@&A@ET?&AébéﬁA&ﬂﬁ‘fiéﬁéCTTA CCTAAGAG

I ndi vi transferred wt orce I um
GAGGﬁ@Aéﬁﬁ%CEbﬁ@@EGAA@®A©BT@@&@@BGﬁﬁﬂGﬁﬁﬁTGﬁﬂﬁGﬁ6W§G§TCQG@CACGA

R R S R A
ACTTRATOT@D@FCAACTTAT AFGATARCGAUBERECHACGRDUEACTRARACETATCACTCA
contSAGERIATCL IR CoLgPASE Sl AR ket upencncemancon

TAT@A’SCDCT’RECT\@@I‘GIM]R@F\@GET'E@GBTGC’D@TTAGGB@GC@AG'BT(ZG}TQT’BAGGTACTC

TGT%G%ﬁg%@é%@ﬁéﬁ%@#%gﬁ@cdTGAGCA

GCCPGA8bShg Fedld: Z&EO 37. 25 ng Na2EDTA. 2H20, the

ro-putrie ordln r ashi and.
it A S eSS 5 e ot Spn SR BTy EoduSe 2 single
baséﬂﬁmiﬁrUM$eﬂﬁlod7£t4£7poé9626nainoﬂﬁef5ft@n@fofhEhe CodA
ubl i shed conqﬁgtratlon vitam ns_acco d|n to Morel
gengnd” Vel YdY £2 S et Unt {Vor @F , U CHhd B HEO Wt fidr e “indicated
Cp é&mmp JAtB@ﬁe ﬁﬁ%1ﬂ£§h§0twd9§&&le@tﬂ@&é(&%&} SHCEDBRer side
8% ( L?nannltol 0. 25 zeatin and 41nM
fror&h‘%‘? s%‘F‘F %wd%rcwmowag stecthantniendsdi tpseebion
(inde#ti On BHE N idR f COh@ERTind) , LNA residues have been
2009/ 002150PCT/ NL2008/ 000151 PCR aqgllflcatlon of
inceppeedteneindicateffii s T'sol @t e®F fFom chPoF Rl f &t bale
str&id B F cs@@éﬁé@@idwswﬁéﬁétt@bagﬁpyml@fr@&pl QN‘Ael?e51dues (no
using the DNeasy kit (Q @ and used as a tenplate
C5 H’J?P%YIF%:FPY%HH(#HF\@S R ek ¥R oRSS HRUE Rk thgetld s¥@ons
nuclébgf@ét ALS gene are detected using the priners
GGTCAAGT CGTAGGAT [SEQ ID NGO 27 ] &
5 GGGTGCTTCACTTTCTGCTC [SEQ ID NO 28 ] that anplify a

e S S

AGA%‘CE%WICCEG%EEW%WGTGTG [SEQID NO 30 ] are |ikew se
used to anplify 794 bps fragnment of the tobacco ALS
gene, including the codon 571. For PCR anplification
cﬁPtéﬁpptnhﬁ|e&hdlxbbqpamn¢m 5- FC resi stant tobacco

q!lli @ﬁ §0||OMAn% grlner set ., mas %ﬁﬁgg ﬁﬂgﬂﬁ Hepes, pH

5" AGCATCGATAGCAGAGATCTTTC3' [SEQ ID NO 32 1.
Sequenci ng to proof nucl eouede conversion

Nucl eoti de conversion in the herbicide resistant
tobacco callus is confirnmed by sequenci ng the PCR
products obtalned fromthe DNA of such callus

o s o Y I T ALl £ <A N A I NP SN 2 ~A AN\




7 x 105 per well of a 6-well plate for 24 h. Then, to
each well is added 1.4 m serumfree nedium 10 pg of
wo@bkiogoemisd eot i des and 63 pl of TransFast Tm | i ppEBENL2008/000151
- _reagent (Pronega). After 1 h, 4 m of serum ontq}lni ng
7. Zindth i ims2 L i hdialel 1 o die Gachat 3t With a
prot@Srddgien At eri R4 e of1 88l @gdd - fdeani peubatéonea. 1x10°
the cells are grown in selective nmedium containing 1Q0
per iyl /1-thefelomropgration shlysina e e57 &Y aht2 oY offt es
are co . The ol cl_eot | :
cha sl SR TS e, e T o G e e Hefifeen
pul LOrdres paridi inga tioort hef senueinoe«of. tHer cogliinge deancbofation
the regio of the neo gene around the ATG start_codon,
ca. Put2 W Houtg e 1GP eots deed AT Y Bekgroliter
i ntroduced in in aorder to create a frameshift
eleqhRORIH 1 T {gfrﬂgr/é“?l ‘al | cytosine or thynidine
nucl eoti des are propynyl ated, indicated bel ow by Cp or

Tp. At the positions two nuc] eotides away on either

s IBFRe Yopdi S th & SenfFEakan i3k S8 1GFE4MA 1 esi dues have

begh d NP U8 ddNUCHEL Ratment Cti fFdtoplasts are

Control single strand ol igonucleotides consist of only
plagsst rmal i0MA i Huesi( e CRIEIYn T i TR P IRANIRA. LINATo
cult,rlfﬁsé qﬁ&ﬁ]) m & £l i f e GT Jf rafmeshichlbpTutatd @t The,

ol'i go fol | ows:

u
nucl eot 1 de sequence 1s as

cul IR QFFHATGAGHTCFOTTh AGSTH ATAGRTAGIACP CPGAITETIATHESGA 8 25

S . ] [ tr d
ng 10k o2l hditalh a0, 100 g BB FIGE 45 A Karpos,
27 . &% raHd SGa - {7HeO ¥ eg¥ 0A5 sng r et Ty 2th€  ndédes aiarccoddirients
The PCR fr nts e,.subs ently sequ ed.in d ;
accotrooelvneqr itfoy ]}a%lerﬁ? ec% It g[g%dlﬁgtgaﬁ%%o]f%%’h eRq'f r a‘%&g h‘?ﬁ ot o Biol
Veg maatli-ap 3 EXaafi e 4vitand 20 QOAI50PCTY NL0OB/ D0 Wt more ' s

seo LTS TI) 2oL, SIChEngE Lo (gUBLS (AT, . 13540,

19510!,i gonugl Bot i desroAcetDIaetraipghthalidraseadM S adsd, 1 mg 6-

referred to as acetohydroxy acid synthase; AHAS) is
ben HAMNARUIIG rﬁzﬁ@rm%eofgir%%m%%% i i d%ﬁ%%y“i%
osmdihe ranchesh chadm amgho acids valine, |eucine and
i sgl euci ne. The pathway exists in plants and . h
M Y0 G PAMRSIRS U CIf S RERASET i1 Toufyil THRE Afgae™ Ar§ then
mixdd Witeh Rir NBfvat afdRinside DfsAatd ih fof Bled exsdpiggiie Low
structurally distinct classes of herbicides, including .
Meltgiflg GrfIRATEHSIISHI2 A Yol TonGHéd ueevmedium, kept liguid
aftdd | AZUORW iR dilne sidonamres (F)c after mixing, the
pyrimdinylsalicylates (PS). In tomato, ALS is, a
susgAiTd Qophs g RARETRAG drerfgth TESP L @RS Hredent i
pet 1iNQ RN . THANSErdds BAlahasf ed and incubated at 25/20°C
(http://planta.tigr. or%z. I n our study we have defined
(16 AZ4ars aigitoreasiad4 qodineaslamisl and transcri pt
TAZ12745 Al StourthS 10f 8Kk Of g HRIAA mea;
e er@dﬁ?%upr ot éﬁq?%7%¥AL31 and ALS2
is @Hovi g3 @releeon derthiagectranies D el protiefgnsferred to
I es. Y T ; [ i alys di i
10 GEHLS SO Ik TIRLURR A S IE L4 o
medifugr. ¢Hlioy opedistm teogeistry Tesmare these, dvH ferehcds) mg
bo ALS1 . and . AL r i a ot redi t
<0 2PoSt BF PRI crt brab AR PEacl ohSshad Be hayk s, 6 m
KH,POhpwa7t Bat mgevesal . Hivono 3dciké olgahgeEDER . 28reerviee micro-

residues are sufficient to confe | Cd [ S :
nut i e i of it R e & et St Snige,
T. JAd &kaotp, iN. fieeyAlLEGlodie Rharses mat, ohb of 4 78-S Het weeb2) at

organisns is high and identical nutations in many

organisnms result in simlar herbicide resistant

phenotypes. In this study we have introduced nornal

DNA ol i gonucl eoti des or C5-propyne and LNA nodified

ol i gonucl eotides into tomato | eaf protoplasts desi gned

to alter the P184 codon in ALS2 (or P184 in ALSl1) to

I ] o o



ALS1
gattgttgctattacaggt caagt gCCAaggaggat gat t ggt act gat gcgt
WEP1®6/002350Q | D NO 34] ALS2 PCT/NL2008/000151
gattgttgctattaccggt caagt gCCGaggaggat gat t ggt act gat gcgt
one Pienth SEQ IS NG 381181 CONTRRCBET GoRUCY LoTTHRS B4Carding to

MordP Ak tiibhiBo Be VB RedESHh NBEre 0, PEOdYEE R. F18#&more, Amer.
alteration in ALS2. Both are "anti sense"

J. Botgohicl B38THes, 1 2ohbi ebrehg apyrevathe hongramskrphealic
. str t he. e o N uckeot 8 LSt §o
ac1§% And 9§ %ﬁﬁ%ﬁé%§o€f§%lglé898, be YY%&? Qu&??i%? 82 (w/v)

f repeats - propyne and nod
manmided kot de3 mndhaehveslere aacohi¢orcidhendedi yneg 6-

bend PG RNORPROT AL NI Gat 6oL Lokages, el esh LRCLEER B8l with a
nucl ectides as suc difications are known to
sucqesdfal | NHrevett, the oY gohocsebfiden  rom d2Qradani on 5-FC

is %ﬁogtj%%ﬁea%% IW%%l‘él‘gEQf}llQ ]!’@cg i (9]981$§9 UEPECincubated at
25/ 20T GrA*ISCTICCTIGT GRACTI @G AF BIC @ ns PAB4AGSE SEQ hD. nN3.87") at a
phoé%%eriod of 16/24 h. After two weeks, the Petri dishes are
transferred to full light (80 pE.m2.s™'). During this period of
selection, most protoplasts died. Only protoplasts, in which
through the action of the oligonucleotides a base change has
occurred in the target gene so as to confer resistance to the
herbicide or 5-FC, divide and proliferate into protoplast-
derived microcolonies.

Six to eight weeks after isolation, the protoplast-derived
colonies are transferred to MAP; medium. The agarose beads by
this time fall apart sufficiently to transfer the microcolonies
with a wide-mouthed sterile pipette, or else they are
individually transferred with forceps. MAP; medium has the same
composition as MAP;AO medium, with however 3% (w/v) mannitol
instead of 6%, and 46.2 mg.l”! histidine (pH 5.7). It was
solidified with 0.8% (w/v) Difco agar.

After 2-3 weeks of growth on this solid medium, the
colonies are transferred to regeneration medium RP, 50 colonies
per 10 cm Petri dish. RP medium consisted of (per liter, pH
5.7) 273 mg KNO3, 416 mg Ca(NOs3),.4H;0, 392 mg Mg (NO3)..6H,O0, 57
mg MgSO4.7H,0, 233 mg (NH4) 2S04, 271 mg KH2PO4, 27.85 mg
FeS0,.7H,0, 37.25 mg Na,EDTA.2H,0, the micro-nutrients according
to Murashige and Skoog's'medium (Murashige, T. and Skoog, F.,
Physiologia Plantarum, lgf 473-497, 1962) at one fifth of the
published concentration, vitamins according to Morel and
Wetmore's medium (Morel, G. and R.H. Wetmore, Amer. J. Bot. 38:
138-40, 1951), 0.05% (w/v) sucrose, 1.8% (w/v) mannitol, 0.25
mg zeatin and 41nM chlorsulfuron, or 250 ng.ml™ 5-FC, and is

solidified with 0.8% (w/v) Difco agar.
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A z*y*A*zyyzyyvyTONAYyzzG  A*y*y* G P184Q SEQ I D NO 38 80
G z* A*y* ZAyAXzCAXzZAYy&Z A* G G*A*U None
W@ 289000y nyl- 2' - deoxycyti di ne; PCT/NL2008/000151
z=5-propynyl-21-deoxyuracil; s=LNA A; v=LNA T; w=LNA
C, x=LNA G U = deoxyuracil; * = phosphorot hi oate
| i peRO&EP1£Flicatiganvel eakgdesquree synt hesi zed by
Eur ogentec and HPLC purified. The nucl eotide that
forms a msmtch with the target is underlined. Tomato
| epfiapi ot Opbagtebiselahi eR18Pdul EaRshobpBELEE r¥D;i stant
2009/ 002150PCT/ NL2008/ 000151 | sol ati on and
resighenkr hPPafcef mieHACH I PBAPSpHELBEI hBEsPNEaSHekAt (Qiagen),
andPhE¥HOYS! ¥ g@ﬁ%ﬂh@@d 1hShabeR, régéélgﬁeOCOAQQEsggﬁgtof the
69: 235- 240; Tan et al. 1987 Theor. Appl. Genet. ;
targgedogodas ép Ahe 19BFCPPaRLSCaEneRape Get@¢2e@7gflng the
prlﬁggst9eeé@bygc@@écA@@yAé§§TC@gg erhoypd ba fhese
publications. Briefly, Solanumlycopersicum seeds were
S G@@EG@TTQ@@TWWG@T@%ﬁ?@oéhl6®Fté8gi‘ot\hatnampﬂ6§/oﬁ 776 bp
I m 0 d 1 t
erag Rt e s ety LT T ae o Kk ar 5. PraTere
S’ CECEEREYARATAEETEAAT eaVEQ WerBOpPackd&i h’@GHTEﬁCWCBEGTATGTGTG
and S a
1SE g D et St br °F 5 Thech e ey 80 o1t 704 bgs gragment
of thansfeaced AL$reshepl anel@dl@‘jnﬂhenczydensbvm i Bar PCR

% | k , 0. 4% .
ok AL L8 ShobiRaFror o CaM ST Rl Shgi it

tob BAEL (aarglml) tlpda-leB}lamﬂngh peshe pnst okesdeéds byredt ght

s oBaRtRy CARARcaTlt: AP ERla I pian e o

5' AGOATCGRTAEOPEASABCIETE3 Sepsr@t 2ol Ko oB2 cel | uI ar debris
by passing themthrough a 50pm si eve, and washi ng the
sieve 2x with CPWAM Protoplasts were centrifuged at
88k qiditc Bup CEH P BES £ s sleite adsh¥&esiéaken up in
hal f the voI umre of CPVOM Protoplasts were finall

t dKERL R TFE PN TRURM AN, 3rie dAesT iR Jf%hsta@la%dtobacco

calP@ée{§|édanrﬁ@@'QynﬁéQQQnébﬁ?tﬂﬁbS@@th98§ucgbeobtalned
prot opl asts were spun at 8 or 10 mns and the

from.%%@eD%ao@%p$%%msc¢l%%ﬁfr@p@ﬂe¥$k9nr@%rbh%s@obayé@ ALS P194

cod¥Rr ec€Rl L &t L) USLHg1 s | PG PASHISLE ;géé)}@téta tHB€second
protopl ast volunme was increased to by addi ng

pos CR@M ahdt i hecodemefCHR) reEbW@¥%ﬂ:p¢@@%@¢%S@@ @hsthe tobacco
ALs GRS PT A& | Prés NAS PRy OPBL &l 5 in & h9POUSL Rt L desne
were introduced into tonmato protopl asts %
secen@ctedporres vhieri g/ B Gene Pul ser (Bi oRat i). The
protopl asts were resuspended in PHBS as an
el ectroporati on nedi um (10mM HEPES, pH 7.2; 0.2M
Exammpleni 3 0| TNE SDmivhdiagsd , el @3ai3d 23tew @ellbsisi ty of
1x106/mL in 0.4cm el ectroporati on cuvettes. 5pg of

ol | eqt | was_ ad In1 of otolast
s,ufs,r(r|c:’>ens§onQC qba et et rglgeocrta 7 on s %‘é ?%%o%?t%ﬁ‘?/ TNE in
mougd2be X 3,1 &£ mMmagu s derBOOpdn tCapsatcdt a(ite). cREDl OpilaétSSV\@:E@d that
e a

xDITSIRT o P To 1T SR IR (160) Bréviding resistance

to G418 in culture, but which has been rendered non-functional

by a deliberate mutation. The objective of the TNE experiment
is to repair.this mutation and restore the functionality of the
neo gene, resulting in selection of such cells in G418.

The mouse ES cell line is derived from line E14 (Te Riele
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WO 2009/ 002150PCT/ NL2008/ 000151 8nil of 9M nedi um was

added. This was then spun at 85g for 5 mns, the
waapensasant renoved, and 2nl of fresh 9M addeRCT/NL2008/000151

Prot%glrasts wer e enbedded in alginate solution for

¢
et glgerkiet iVl AREBIS G JiFat@I sor Ik Sonl dds added PY

int AR L IOU lye £AGLE LHZ0, 14000/ dy 1 301 BRA Endan@Do/ 1

(S gma A0602)) and was m xed thoroughly by inversion. .
promiatienf e sletesct ayeree eyent ycont a110a- tgarept st enucleotides
GT 1(1117n12d,5 ?gt/ell rrac?onvlrrgs rea7m Sér%#k%%z Qrt .Sé]cé&or"f‘g@f)neo,

and alfo 0 pol'ynerize: e alginate discs were
resuliteimd riansf efrate 4hol fenjRetker deshas. comal nidgidsilRes . 31,

8 ul i um and i ncubated for ays_in the .
No- Qi a5 M S0 I e T ERE YordEialfed medium
brread ™E i anithdrayser etk 1o TWERB dadparssédiditcta afensity of

nmedi um cont ai ni ng 20nM chl or sul f uron. Her bi ci de
7 x fldsi peanvedadl PE appeurdd Blese £9F jdels iThGbatticogasgh well

: nd, i_ndi Vi 1 re. t erfe :

R

and redinimohdttargfFatte chipaenbsonsedapentDiRromega) . After 1
i sol atd ans..,. A .5 Qf tomto calli noJfu

b, 42@1 gqfeas%rruom r%//\%{e%lg{% I@%FJ[L?H uf;él néé]dcti e P a(‘rflt %%%/S are

incukiat dQ cagem i g1 dit.e Prd 4rer so s el elelsi gmelire® incubation,

S ifically anplify. either 0 L. -1
the (Y 1, 5RTE U ort (v AR e A 17 of
G418SEQ@ A2 NQ BYa vand OBIBFADE 15 t LRT GATITGCEACGAGCCAGE SED

I D.NO 40); for, ALS2 the prinmers, 082773 (5 .

AR AT GRS NG AP i £
mu t SEHCRACKHBEGAAGACICACG Shfg t RxANG ) omedt ey usedthdPClRequence of

anpl.ification erformed usi t he proofreadin
the SHBYHS AR AP L (iR Heso BFE riroind the ATG
staftegdddmg RER JiramEntth s wlid Bedt ydseqtleae eithd Tioeen
. confirmthe nucl eoti de changes, the gyldqllmt kgﬁ&R ,
intrqdififichtls giferdt & W67 HFQ HeF Pt 001 et hig® bzl M b &°n -
Furthd@id R0 Usi NG ykadk {NA POl YRk BSEnd 1LONTe o Dabicta £5pl)

+ I'pl PCR buffer + [pl dNTP's (20m\M) + 1U Tag DNA . .
ProRyBivAfdiate WP @FrdPLlonPwi (R Af TRCO)AT THE: mgsitions two
nucidAIMRY Was, e RUdf | SISt g tHige PERadsh{F€aih&brtion,

Kit (Qagen) and | Ong was cloned into the TOPO TA .

LNA gresiiditpkitava maan dgernrra¥aterdt frdierred idn tb £.C7 or

G™) .CQ!c;ntr%lpg%r{gelaé:tétofbﬂ’@so%éﬂﬁaféjO@mwi E&ns Kenagy chm y
resi stant colonies using rTth DNA pol ynmerase XL

norndodi) 1est el 3y i Grerr e eh RiERIdivesines WAt he
res MREY, aaﬂ'ﬂd fé&%&h%é’@@@%&@@ﬁ?@?%ﬁ%@f%/ 0pRd 51

~insert. These PCR products were then directly
oliguyushed desi sRAWIE prisrers. fRebe# s Two i ndependent

51T AdR ﬁ'&%&%@d ABLCAP G %‘5‘@1& chAocpGAG3' [SE
D 2 I Iﬁ (Leincf,%o |gnd%%omato V\/&@ﬁée anc@gé SI Nng P [ ©
Ol GONe | 801 63 £ AU M 4th G I ORI AL AN
mdé\?lf irlcatelqgtt‘lsa. e results ar eesg%om in table 4. a|_I}:l(%)| e
sub¥edlddomdtGotirde ot dpd amtsl t fansfiernegion surrounding the
neo start codon. The PCR fragments are subsequently sequenced

in order to verify the correct repair of the frameshift

mutation.

Example 4
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# chlorsul furon resistant calli # calli per 106
protoplasts 95 9 x 106 1 0.11 44 4.5 x 106 4 0. 88
WO 2009/002150 PCT/NL2008/000151

Targeted nucleotide exchange in tomato (Solanum lycopersicum)
using C5-propyne and LNA modified oligonucleotides

Acetolactate synthase (ALS, also referred to as acetohydroxy
acid synthase; AHAS) is the first common enzyme in the
biosynthetic pathway to the branched chain amino acids valine,
leucine and isoleucine. The pathway exists in plants and
microorganisms such as bacteria, fungi and algae. ALS is the
primary target site of action for at least four structurally
distinct classes of herbicides, including sulfonylureas (SU),
imidazolinones (IMI), triazolopyrimidine sulfonamides (TP) and
pyrimidinylsalicylates (PS). In tomato, ALS is a multicopy gene

as two full length EST’s are present in the Plant Transcript

Database (http://planta.tigr.org). In our study we have defined
transcript TA37274 4081 as ALS1 and transcript TA37275_4081 as
ALS2. ALS1 encodes a protein of 659AA while ALSZ encodes a
protein of 657AA. ALS1 and ALS2 show 93% and 96% identity at
the DNA and protein levels respectively. The two proteins
mainly differ in the signal peptide regions of the proteins
responsible for chloroplast targeting. Despite these
differences, both ALS1 and ALS2 proteins are both predicted to
be targeted to the chloroplast. Previous studies have shown
that several amino acid changes at conserved residues are
sufficient to confer herbicide resistance to the plant, such as
the P171Q, W548L & S627I mutations in rice ALS. The
conservation of ALS between organisms is high and identical
mutations in many organisms result in similar herbicide
resistant phenotypes. In this study we have introduced normal
DNA oligonucleotides or C5-propyne and LNA modified
oligonucleotides into tomato leaf protoplasts designed to alter
the P184 codon in ALS2 (or P184 in ALS1) to produce resistance
to the sulfonylurea type herbicide chlorsulfuron. As the
sequences of the modified and unmodified oligonucleotides are
identical, any differences in the TNE efficiency must therefore
be due to the C5-propyne and LNA modifications as we observed

when using the cell free system.

Materials and Methods
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80 2.5 x 106 0 0 none 9 x 106 0 O digonucleotide 44
contai ni ng both C5-propyne and LNA nodifi ed
woembeaisdes gave approxi mately 8 fold nore cabdCT/NLE@8/000151
oligo 95 consisting of unnodified DNA. The sequence of
~both of these oligonucleotides is identical.
Oligpnyeheetéde8de 80 is a "scranbl ed" ol i gonucl eoti de

whi ch al so contains nodified nucleotides. This .
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presence o I go eotide alone in the plant ce
nuCIﬁmtsdﬁfp@lEmQrpblgewéW%n@eﬁ@rbLéld@n¢e6L§€aﬁrec§hPWn in
bold N addi tion, when oligonucleotide was omtted fromthe

pr ot opl ast transfornatlon m X, no herbicide resistant

calli were observed, |nd|cat|ng that the | evel of

spont aneous her bi ci de resistance in tomato pr ot opl asts
ALS1 sgdbet gut ¢ bea ded eagdored gvelCAaggaggdogalehposécagatgegt P186
[SEQ® hed wde3¢hl orsul furon resistant calli did contain

mut ati ons at the expected site, 3 calli (1 from
ALSP! § Qondict @ot 4 thea &8y ¢ 1) a B - d4d 9ga §f 4 gpatic goic tgadgegt P184
[sEd EIBRQ ¥®7e sequenced. Sequence anal ysis of PCR

products from ALS1 or ALS2 showed that in all 3 calli

m xed peaks were present at the targeted codon. This

denonstrates that the herbicide resistant phenotype

was i ndeed due to nucleotide alterations produced by

VQI@QQIWQ‘{MW QOH X5 in table 3 were designed to

produce a P184Q alteration in ALS2. Both are “antisense”
oligonucleotides, complementary to the non-transcribed strand
of the ALS genes. Oligonucleotide 80 consists of repeats of
GATC of C5-propyne and LNA modified nucleotides and serves as a
control. The designs include phosphorothiocate linkages between
the terminal 4 nucleotides as such modifications are known to

partially protect the oligonucleotide from degradation by

nucleases.

Table 3

SEQ ID NO Oligo Sequence Mutation
SEQ ID NO 36 95 A*T*C*A*TCCTCCTCTGCACTTG*A*C*C*G P184Q
SEQ ID NO 37 44 A*z*y*A*zyyzyyVyTGwAyzzG*A*y*y*G P1840Q
SEQ ID NO 38 80 G*z*A*y*GzAyAxzCAXzZAYGZA*G*G*A*U None

y=5-propynyl-2'-deoxycytidine; z=5-propynyl-2'-deoxyuracil;
s=LNA A; v=LNA T; w=LNA C; x=LNA G; U = deoxyuracil; * =
phosphorothioate linkages. All oligonucleotides were
synthesized by Eurogentec and HPLC purified. The nucleotide

that forms a mismatch with the target is underlined.

Tomato leaf protoplast isolation and transformation
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the (500 $pls)t ivere. d?hmatvm‘twlétswtatem A8l pf PpG2fomnt0 mins

e t t I

onc QLR A0 s P ALAr R 2 LAEe G0 Pover
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a gl1e \é]?eot heq%pv%:} ed, rbnculb Ot chdlnﬁcgﬁn%maton g%%toplasts
by emrmdncfpcmtaﬂal\dm ohszgmguml ®até dteulsmr otmemaa@l anThe
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S
remq ¥Rt of Gire t'nttﬁ BT HYS taRd et el 1 e Hoi %gf%emt%e and
TTA change, was produced using a nodified
ol i gonucl eot i de. Several studi es have suggested
that the nucl eoti de changes produced in human cells
after treatnment with oligonacl eotides are due to
integration of the oligonucleotide at the target site
(Radecke et al. 2006 J. Gene Med. 8: 217-218).
Fbmever ollgonucleotlde |ntegrat|on cannot explaln
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nodi fi ed nucleotide is a C7-propyne purine or
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rein the LNAs are distributed independently over
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i gonucl eoti d cordi. I ey, S
or LSRR APALE G ARG of AR PR ar ac
30° O’IUCI]I‘EO‘I |dﬁ&§&:sofwetmae tham Z:GI)QILIIOZIJIHQPCSMNL@OM O0digds and
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chlcm’sm‘lefhﬂkdry a{eﬂmsildéO%eﬂrmtarmstholrlerf ezp.;kﬂawe—:d afostr 4-5

0% 2 Q'QOU i de_acco t.0._ anyone .of the
wee]ﬁé\ﬂ T‘PB Cj{lgfe‘l)%lt"eIaﬁ’l ({‘ﬂb ‘ﬂfae nu% qihed"le tarraensferred
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3" side of gh

medium, part o e cgyaus was used for DNA isolations.

Analysis of tomato calli

Genomic DNA was isolated from 5 week old calli using the Plant
DNAeasy Kit (Qiagen, #69104). Primers were designed to
specifidally amplify either ALSI1 or ALS2. For ALS] we used the
primers 082769 (5’ GAAAGGGAAGGTGTTACGGATGTA SEQ ID NO 39) and
08z770 (5’ CTTGATTGCGAACACCCACC SEQ ID NO 40); for ALS2 the
primers 08Z773 (5’ GAAAGGGAAGGGGTTAAGGATGTG SEQ ID NO 41) and
08Z774 (5’ CTCGACTGTGAACACCCACC SEQ ID NO 42) were used. PCR
amplification was performed using the proofreading enzyme rTth
DNA polymerase XL (Roche) and the resulting PCR fragments were
directly sequenéed. To confirm the nucleotide changes, the
blunt PCR fragments generated with the proofreading enzyme were
A-tailed using Tag DNA polymerase (100ng product (5ul) + 1ul
PCR buffer + 1lul dNTP’s (20mM) + 1lU Tag DNA polymerase + 2.8ul
H,O ; 10 mins at 72°C). The PCR fragment was then purified
using the PCR Purification Kit (Qiagen) and 10ng was cloned
into the TOPO TA cloning kit (Invitrogen). After transformation
to E. coli, a PCR reaction was performed on white, kanamycin
resistant colonies using rTth DNA polymerase XL (Roche) using

M13 primers which anneal to sites in the vector and flank the
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nucleotides gave approximately 8 fold more calli than oligo 95
consisting of unmodified DNA. The sequence of both of these
oligonucleotides is identical. Oligonucleotide 80 is a
“scrambled” oligonuéleotide which also contains modified
nucleotides. This oligonucleotide is not specific for either
ALS1 or ALS2 and serves as a control to demonstrate that the
presence of oligonucleotide alone in the plant cell is not
sufficient to generate herbicide resistant calli. In addition,
when oligonucleotide was omitted from the protoplast
transformation mix, no herbicide resistant calli were observed,
indicating that the level of spontaneous herbicide resistance

in tomato protoplasts is below the detection level.

To demonstrate that the chlorsulfuron resistant calli did
contain mutations at the expected site, 3 calli (1 from
oligonucleotide 95 (D) and 2 from oligonucleotide 44 (E &F))
were sequenced. Sequence analysis of PCR products from ALSI or
ALS2 showed that in all 3 calli mixed peaks were present at the
targeted codon. This demonstrates that the herbicide resistant

phenotype was indeed due to nucleotide alterations produced by
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resgﬁgtlvel Whl QQQHE% Q§.§Eb &05 & qgft@iation

‘ous ¢c avi ng a engt ron1 to 500
(P18ic) emt i ABSI. Studies 1r18tom¢cg@rmw@0$m@en acoot dimy amino
one_of ims, Wherein t
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ortK3igpnuct el | she SCEBY d¢d$tgféno amy@ﬂsubfutdsne m@i/:i;mme

I 3020. . Met hod f t t ed
(Ko B ncBop br NN e eBY Eombet S| hi) ORI ni TR ERETe:

the GBHE ©X1 AL CEPI $¥Vﬁ§§QUEPQ§LS@tfsal@@ﬁprto detect
ol i gonucl eoti de, wherein the dupl ex acceptor

une xR 1 EBH Al FiS £HINIIS DS STt RN valeJec%%o lead to

a h%éﬁ&&%&é"@ér@@ piseddre gonpl ement of the first DNA
35 sequence and wherein the donor ollgonucleotlde

corfpity slé%s%l%n%@mpftﬁalta%n%ﬁl%@ée%\% | 'gadt e Co-propyne
and %M&&Mé% Pesd 1o then dupl eE(h@C%@rﬁ)éPét% of

sequence to tered, preferably wt
nucmotgx@@zqsmmvmmmm 0002 Saenempeand t b tPRrE i gulapnm the

genGRAUSACELn AN, WASE Gl Ord D O 41900UC] 801 b HEnSOIPI  SE50R

sectlon t at contains at [‘east one nmodi fi ed nucl eoti de
incrmasagtle e Gherivicwi o tdfdeiey rerpereide coxchanas| in

plan%%"éfi@giré’g&iegaprs%r?ﬂgimﬂp Lhetﬁ@dézgé@dof tomato by
approximately eight fold. This type of combined modification
(LNA and propyne as described herein) provides a significant
increase in vitro over earlier described cell free assays (i.e.
in vitro) using only LNA modified oligonucleotides or only
propyne modified nucleotides. Particular noteworthy here is the
step from the cell free assay to an in vitro assay.

Surprisingly, we did not find the expected nucleotide
change (CCG to CAG, P184Q, at ALS2). Instead, in calli D & E we
observed a change (C to T) at the nucleotidé 5’ to the targeted
nucleotide in the codon. In addition, our data from callus G
indicates that an oligonucleotide sharing a single mismatch
with the target sequence is able to induce an alteration of 2
nucleotides. The sequence of the complete PCR products (500
bps) were compared with that of ALSI or ALSZ2, and besides the
changes at the targeted proline codon, no other nucleotide
alterations were observed. Thus, an oligonucleotide is able to
induce mutagenesis at a specific codon of a plant gene.

Analysis of TNE events produced using the cell free system and
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in t% r| rra e ceﬁ I eﬁrg(ctsue(ﬁ% r? cekﬁoéjeﬂ% rac(%é%f%&
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ih % utlonora
to TTIrserHdrare, ofwﬁ ;imﬁsicmelsrnunj eohncn:thfﬁmmli\@cbrhw@leotlde

or di n f_the previou cI al
\Aﬁgerveqrr? uccgye%/ ave o gaCJr@yC;ft ch’l n éot clie: %hanges
prodiydlnan Hmmmldea]nls:eiﬂtexr tacdummtce,bith ollgonu@Eeotides
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e R 1 BT L TBatt e aTget

s1tepl(amcsecwramalﬂ or2dusmans.caMR Med. 8: 217- 218). However,
2009/ 002150PCT/ NL2008/ 000151
o1 G Hg 4% AP B Tt S Pu et s T Hgsults we have

obté@Hﬂdﬂﬂhtﬂﬁhéﬂw|Q%JQN&YSSJIﬂgBdﬁﬁMﬁBﬂh&Ew£nﬁégﬁéﬁlon would
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resiglly iﬂm dhe RO micsRidde aar%ﬁql?aé}lacrnch%f'ﬁ%%bﬂﬁ%wh we
did Mntoydddd CidcohElf,0nRS By B @ uEEOIDSOBhanges in

DNA, organelle chr onosonal DNA, epi somal DNA.
ALS1 using oligonucleotides targeted to ALS2. Integration of
this oligonucleotide at ALSI would also change the single
nucleotide polymorphism present in the third nucleotide of the
P186/184 codon. As this was not observed, we conclude that
oligonucleotide integration cannot explain our results. This
may reflect a difference in the mechanism of TNE between animal
and plant cells. We prefer mechanism in which the
oligonucleotide binds to its genomic target and induces a

mutagenic process at the targeted codon, whereupon the

oligonucleotide is then degraded.
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27. Method according to any of the previous nethod
clains, for altering a cell, correcting a nutation by

WO e®PooAto on to 10 wild type, inducing a nutatPONNL2008/000151
i nactivating an enzynme by disruption of coding region,
nodi fyi ng bioactivity of an enzyne by altering coding
region, nodifying a protein byadihgrupting the coding
region. 1528. Use of an oligonucleotide as defined in
claims 1-19, for altering a cell, correcting a
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2, preferably at least 3, more preferably at least 4, even more
preferably at least 5 and most preferably at least 6

nucleotides are LNAs.

3. Oligonucleotide according to claim 1 or 2, wherein the
LNAs are distributed independently over a distance of at most
10 nucleotides, preferably at most 8 nucleotides, more
preferably at most 6 nucleotides, even more preferably at most

4, 3, or 2 nucleotides from both sides of the mismatch.

4. Oligonucleotide according to claims 1-3, wherein 2,
preferably 3, more preferably 4, even more preferably 5 and

most preferably 6 nucleotides are LNAs.

5. Oligonucleotide according to anyone of the previous

claims, wherein at most 40 % of the modified nucleotides of the
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30. Use of an oligonucleotide as defined in clains
1-19 in a nethod for providing herbicide resistance to
W@ R@nne2150 31. Kit conprising an PCT/NL2008/000151
ol i gonucl eotide as defined ipn clains -19. o
oLigonuGiRRt1dR Yehetle Jervi)?od%%%eB%bf%ea‘frﬁ%‘a 30%,
mor®fp£d fd ¥Eo 13- 27 . mdS8RN5Epl dvepms i Si phe t8EaDYi &t afost 20%,

genetic material of claim32. 34. A nethod for
anleRﬁ%%&ﬁ?@F%%Pb%t%@Iﬁﬁ%ﬁe%ﬁfde exchange efficiency of
a dupl ex DNA, conprising (a) obtaining an

ol i gonucl eoti de conprising a domain that 20 is capable

of® hybirdi TR Hee Q ot & |%%@OI§FW%e‘%ﬂJe?féﬁéorb€f ehitheiuprexious

claf%gﬂf%ﬁbﬁéﬁﬁ‘ﬁkgmﬁéﬁffﬁgﬁ'ﬁﬁ%ﬂeotlde are 1n&é% eddently
[ east one m snmatch with respect to the first

poskleipreatteon gpe 5° side and/or qnjfhet3| easde ope the
misﬂ%ﬁﬁﬁled nucl eoti de having an 25 increased binding
affinity, and (b) decreasing the distance
bet ween sai d nodi fied nucl eotide and said m smatch to

abP.UtOl%.cﬁ{nJcel terJé:lﬁecoé %?W anyone of (@ﬁe CFr?’eovious

recoveri |gonuc use’ in targete
claimg) e/dteld@rexm@@ modifiegh, nwﬂ@tgmmclmt@@ $rone

51d§ a({geghed §'| t(?]_[ agﬂ@rbﬁfsfdgu@% %% (51'?' 253175@' %Jfated
'S abl e

onucleot|de conprises a donmain
fromfeahyrbro‘mezr ngy tat aldasstomNA }Sle@ﬁ%m@@lmfa’fsal@amptmr base

palfgujﬁﬁgfgggﬂ?ln ponprlses

8. Oligonucleotide according to anyone of the previous
claims, wherein the purine is adenosine or guanosine and/or the

pyrimidine is cytosine, uracil or thymidine.

9. Oligonucleotide according to anyone of the previous
claims, wherein, independently, at least 10 % of the
pyrimidines and/or purines are replaced by their respective
propynylated derivatives, preferably at least 50%, more

preferably at least 75% and most preferably at least 90%.

10. Oligonucleotide according to anyone of the previous

claims, wherein modified nucleotide is a pyrimidine.

11. Oligonucleotide according to anyone of the previous

claims, wherein modified nucleotide is a purine.

12. Oligonucleotide according to anyone of the previous
claims, wherein at least two modified nucleotides are
propynylated nucleotides, independently selected from amongst

propynylated purines and propynylated pyrimidines.
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one msmatch with respect to the first DNA sequence;

W@ bjoome21feeast one section conprising at | east BPCENL2008/000151
nodi fi ed nucl eoti de, having an i ncreasedbi ndj

AT niQYE SIS B B2 AGE AR TS ocP 1@t Ue TRS PERBLOUS

cladher e s 0 trdidi agbmuel &0t i ge ¢&np@§$és Oﬁﬁdlééstm@t
8 nucl eotides fromsaid m snat ch.

sectolrppnut TR TR wia k| M35 SRS n‘b%l"r“? i Jeladireendently
con&t&{%oélld@agé zooqﬁcsf@rkepepérm & nuekgotides, feong, 7, g,

said m snatch The ollgonucleotlde of claim
9 OBSU%WdeﬂﬁﬂQﬁxﬂqqkﬁpﬁﬂﬁﬁ%ot|de is positioned at nost
6 nucl eotides fromsaid 15 m smatch. 38. The

ol i gonucl eoti de of claim35, wherein nodified
nulcd edlhlmmszlmsﬁltd%rmpcattdmttq FNQEDL P Helsh ¢ rppgvious

Cla%l?éa'i rﬁ%é?@l\/ﬁh:hegosec r}sgga € @éﬁeg@%éf%fdgto{he 3’ -end,

, erein nD eotide is positioned at
the Mster® sl /ot iectesormm sat dof W shetleh. PRSUOiqmeot the
mlsﬁgﬂégnumleotlde of claim35, wherein said domain

conprises 2 LNAs. 41. An ol i gonucl eoti de for
targeted nucl eotide exchange of a duplex DNA, wherein

l %%l“ll.lcclleoc}tll%ee Caoégjgfds 3c0c§ agn déf e previous
nuc ‘eo nd T
clamm,pe,dteﬁeura tSter antt lofotsiaia a:mplifee( EEDNAa,tlon of the mismatch

is not modified.

16. Oligonucleotide according to anyone of the previous
claims, wherein at least one of the propyne modified
nucleotides is located adjacent to the mismatch, preferably

within 2, 3, 4, 6, 7, 8, 9, or 10 nucleotides of the mismatch.

17. Oligonucleotide according to anyone of the previous

claims, having a length from 10 to 500 nucleotides.

18. Oligonucleotide according to anyone of the previous

claims, wherein the (modified) section is the domain.

19. Oligonucleotide according to anyone of the previous

claims.

20. Method for targeted alteration of a duplex acceptor
DNA sequence, comprising combining the duplex acceptor DNA
sequence with a donor oligonucleotide, wherein the duplex
acceptor DNA sequence contains a first DNA sequence and a
second DNA sequence which is the complement of the first DNA
sequence and wherein the donor oligonucleotide comprises a
domain that comprises at least one mismatch with respect to the

duplex acceptor DNA sequence to be altered, preferably with
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wherein said nodified nucleotide is positioned about 1
nucl eotide away fromsaid m smatch. 35
WO 2009/002150 PCT/NL2008/000151

respect to the first DNA sequence, and wherein the
oligonucleotide comprises a section that contains at least one
modified nucleotide having a higher binding affinity compared
to naturally occurring A, C, T or G and wherein the modified
nucleotide binds stronger to a nucleotide in an opposite
position in the first DNA sequence as compared to a naturally
occurring nucleotide complementary to the nucleotide in an
opposite position in the first DNA sequence, in the presence of
proteins that are capable of targeted nucleotide exchange and

wherein the modified oligonucleotide is defined in claims 1-19.

21. Method according to claim 20, wherein the alteration
is within a cell preferably selected from the group consisting
of a plant cell, a fungal cell, a rodent cell, a primate cell,

a human cell or a yeast cell.

22. Method according to anyone of the previous method

claims, wherein the proteins are derived from a cell extract.

23. Method according to anyone of the previous method
claims, wherein the cell extract is selected from the group
consisting of a plant cell extract, a fungal cell extract, a
rodent cell extract, a primate cell extract, a human cell

extract or a yeast cell extract.

24. Method according to anyone of the previous method
claims, wherein the alteration is a deletion, a substitution or

an insertion of at least one nucleotide.

24 . Method according to any of the previous method claims,
wherein the cell is a eukarydtic cell, a plant cell, a non-

human mammalian cell or a human cell.
25. Method according to any of the previous method claims,

wherein the target DNA is from fungi, bacteria, plants, mammals

or humans.
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26. Method according to any of -the previous method claims,
wherein the duplex DNA is from genomic DNA, linear DNA,
mammalian artificial chromosomes, bacterial artificial
chromosomes, yeast artificial chromosomes, plant artificial
chromosomes, nuclear chromosomal DNA, organelle chromosomal

DNA, episomal DNA.

27. Method according to any of the previous method claims,
for altering a cell, correcting a mutation by restoration to
wild type, inducing a mutation, inactivating an enzyme by
disruption of coding region, modifying bioactivity of an enzyme
by altering coding region, modifying a protein by disrupting

the coding region.

28. Use of an oligonucleotide as defined in claims 1-19,
for altering a cell, correcting a mutation by restoration to
wild type, inducing a mutation, inactivating an enzyme by
disruption of coding region, modifying bioactivity of an enzyme
by altering coding region, modifying a protein by disrupting
the coding region, mismatch repair, targeted alteration of
(plant)genetic material, including gene mutation, targeted gene

repair and gene knockout.

29. Use of an oligonucleotide as defined in claims 1-19,
for enhanced targeted alteration of a duplex DNA sequence, the
duplex DNA sequence containing a first DNA sequence and a
second DNA sequence which is the complement of the first DNA
sequence, the oligonucleotide comprising a domain that is
capable of hybridising to the first DNA sequence, which domain
comprises at least one mismatch with respect to the first DNA
sequence, and wherein the oligonucleotide compfises a section
that contains at least two modified nucleotides having a higher
binding affinity compared to naturally occurring A, C, T or G
nucleotides, wherein

- at least one modified nucleotide is a LNA that is

positioned at a distance of at least one nucleotide from the at
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least one mismatch and wherein, optionally, the oligonucleotide
contains at most about 50% LNA modified nucleotides; and

- at least one modified nucleotide is a C7-propyne purine

or a Cb-propyne pyrimidine.

30. Use of an oligonucleotide as defined in claims 1-19 in

a method for providing herbicide resistance to plants.

31. Kit comprising an oligonucleotide as defined in claims

1-19.

32. Modified genetic material produced by the method of
claims 13-27.

33. Cell comprising the modified genetic material of claim
32.
34. A method for increasing targeted nucleotide exchange
efficiency of a duplex DNA, comprising
(a) obtaining an oligonucleotide comprising a domain that
is capable of hybridizing to a first DNA sequence of said
duplex, wherein said domain comprises:
(i) at least one mismatch with respect to the first
DNA sequence; and
(ii) at least one modified nucleotide having an
increased binding affinity, and
(b) decreasing the distance between said modified
nucleotide and said mismatch to about 8 or fewer nucleotides;
and
(c) recovering a oligonucleotide for use in targeted

nucleotide exchange.

35. An oligonucleotide for targeted alteration of a duplex
DNA, wherein said oligonucleotide comprises a domain that is
capable of hybridizing to a first DNA sequence of said duplex

and said domain comprises:
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(a) at least one mismatch with respect to the first DNA
sequence;

(b) at least one section comprising at least one modified
nucleotide having an increased binding affinity, wherein
said modified nucleotide is a LNA,
wherein said modified nucleotide is positioned at most 8

nucleotides from said mismatch.

36. The oligonucleotide of claim 35, wherein modified
nucleotide is positioned at most 8 nucleotides from said

mismatch.

37.The oligonucleotide of claim 35, wherein modified
nucleotide is positioned at most 6 nucleotides from said

mismatch.

38.The oligonucleotide of claim 35, wherein modified
nucleotide is positioned at most 4 nucleotides from said

mismatch.

39. The oligonucleotide of claim 35, wherein modified
nucleotide is positioned at most 2 nucleotides from said

mismatch.

40.The oligonucleotide of claim 35, wherein said domain

comprises 2 LNAs.

41.An oligonucleotide for targeted nucleotide exchange of
a duplex DNA, wherein said oligonucleotide comprises
(a) a modified nucleotide; and
(b) a mismatch with respect to a strand of said
duplex DNA,
wherein said modified nucleotide is positioned about 1

nucleotide away from said mismatch.
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