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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

usmmmls@n e@lwﬁ@%}ﬁ@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 Ml . Biol

of TH&- Wazzgget/retsmﬁe tlrrv‘:glliﬁm(éﬁ sehridie ferlal exehatane 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 Or|a| 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%daI&bIF?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 tlﬁ@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@mgmmeﬁelmbb%mmﬂ%ﬁ V\fﬁweral

LandBL LT B PO, SISO 000 b1

011d3B0; Gamipiste et fat . TIPDOM e diav Adpelen REsun@gto glve “rore

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: Aseneer. al . 2005 J. Gene Medicine 7, 1534-1544). In

such experlnents the 0 Ieotlde effects

subBT§ Rk | DroURS A %}P”g‘h ﬁtﬁ‘%gtrée SQB%C%%%!O?]P(TTWG)CE‘H be
mimi®&idin 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 repbrter 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

3
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10 codon specifying an amno acid. Furthernore, the

cell free systemcan al so be used to study the
w@oemsgiiso t y of using oligonucl eotides to prodPCENL2008/000151

singl e nucl eotide insertions. Plasm ds can be roduced
(Colhi Thrhawe atsfhgl &9RAdclE6Lrde G@F@FeﬁeﬁroﬁLthg

1336"9@51&5(&9' EGQJ‘?”Qbogeﬂﬁclg%eﬁéﬂj@g}?ésfré‘ge §§B§L4§§9 Kmiec
nutation. In the cell free assay, the detetion is

et abpad@ed B&aaddﬂtlbﬁ o267 heé7del Ried ﬂGcﬁéot?@@l 40: 857-868;

'Thoro[fdlé’% eg]l (5615 9' I g?HgCMSQBEQSe 4S| nlbgrb@ftl?,and single

onuc |des contarnin nore ext
str&hﬂédﬁﬁli@b@@tl@@tgdealIyg@uesema eh &he EaﬁgeGenanTherapy

SO used to in nor e, nu 0
8, PiE%sE Ritn Soqhbncatos BRE BralirearoSsEobhEr onteR et
al. faeinast hecapplbgatips of ThNE4insge)ls of h| gher
or anlsns such as plants is the IOM/efflﬁlengg%that

BREH reRF T HRPIRES £ af e | fl HEeec Het $BB0>

subé\@iw&@é BioteLhy B8 chaRghe§)ar £08Ht €6d8n CONNES SEAfo a
frequenc% of 1 x 10-4. Subsequent studies in tobacco

codqik, netan| andpp3aplant FpRyRerave, 1731823 L ahgee

‘sysiérﬁ%é@ﬂ%'b@tu%d 2004 FhanthLebbs RePi1 28y’ of using

-512) have reported frequencies of 1 x 10-6 andl x
ollq@nm#eé%tpie@% VP yprafiese $ieglentiekerbhafnihodrtoans-
pladfad r@ar?’%@ﬁ@f&di&é&da@@i&l@aﬁé@@ ffsiNRe nucledMEde deleted

usi ng chimeric DNA: RNA ol i gonucl eoti deS has been
fromiedty impat ¢ nial vaeperyebf Ipae engera@mtéragu dnErgpe shift

o ddt | 5100173002,  MDOJL 027265, d b
mut%qo%migﬁ]lﬁq%%ég Lehb2, V007 48714, VD02) 10364. Thovo Y
add i 8002 the|@eb@ﬁ@@n%m@l@@t$%%tm%®l@h%dIbM/Eh@lC|ency
r DNA

o e o doe T Lor el v Dol o To Be. the t Botf't O™
mor&ﬁexkxﬁemual@mﬁtmethetd@nogl@¢lgbnMC$@©mtdes bpe target can
als %:l %e ’(chef'r?@%owcg I?%OQ%]Tﬁ(QPgrAI\qffgg‘giQQQJ'?lﬁtbnthe

the reac |on m xture or t arget celT. To renedy
tardet ssgquwdrheen it is proposed to incorporate nodified

nucl eoti des that render the resulting oligonucl eotides

resi stant agai nst nucl eases. Typical exanples include

NUEH ee af 1t etbetse st t e &b Jodro sidoi og htkmateepplnda:a‘gasnomf TNE in

' -0z et -anal ogs. These nDdlf i ons
cel{%eﬁ%iﬁ&é%é¥o%5?% TSRS L RRCRNER % %e ofléonuc %ofté lClency
that €ad Ngeen ceap o at e HNAo doamai NIs una Dea di g éheam1snﬁoeh Nature

ernore, the publication ul at es

Biofoah- oHbn 15 ShT BaPSF Rt At OBRE S oM RUBRURaEY ot 1 x

10-*betusgaghRAt18tGaRKEr tihngoskicgenygbeakivde kand Iaza 2003
proteins involved in the conversion. The effect of

Plamhchhicherd 22l 1htotatlidns ¥oChr bkeeaakiicFbagd. 2004 Plant
celf eﬁe‘? Y . t@é@l@izPShQQeﬁP@'ﬂ;&m@@&'PPéqQéﬂéieEhéﬁ 1 x 107 and

horot hi oate T1nkages or 2 -0-nethyl anal ogue
1 Xllﬂ:or peFRELEA VER YL h&hslSiegdnaarenrige rsmaAposorhllevt gor the

pra E%gft éﬁ?ﬁ@g@lggeo§5T@ oteins involved in the

terati process and their chenical interaction with
ttﬂNEﬂu%ﬁnguﬁmmm¢decs@%&tRMQK@&EQQ@@ﬁl@mty@¢Skh@&mbeen
ccordin the i r . : 0
cesGifheBSFOL S POl L 16r, PYERLor o0l PISAQORE £AT0C! incer
allmlkgonmnmbb3®@@s tas3202heeh, deset/dedlin vheopasent,

' 6967. _Th d t
w05 PRE L P RO HORR T ot it bt THER2 26 P8, FETEORbIALER tna
theiImwoyﬁﬂl@u@he@sefr@snstanter@nlbheobtagnedchemhgdenmodified
the efficienc TNE usi he cel| free stem
DA WL ST LES T ERSY o OISk Dot LRpait hat PEnE bnbEf it Of
degrad €Ddh d86 the donor oligonucleotides by nucleases present
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25 identified using the cell free system when
i ncorporated in a ss oligonucleotide, also enhance TNE
wa@eoog/osasal i an chronosonmal target. This confi POENLE@AS/000151

. information gained in the in vitro cel| free assay is,
in Gppl FeaBhEOR MF Vo atothrlofrosdreet | 62t ! - The sremedy this

proPR | cati o0 Al SHLd i s 1MddrSeverdl md@difé@dhucleotides
nucleotides, e.g. 30 C5-propyne pyrimdines, but not
that gediede huehe ke el g1y BT O UL tBEF hprdve *Peinst

nucINE& T fiency; Jhenadhors: slad enkPedBladhabith he

modi f1catlons incorporated into the oligonucleotide
phosphereforicaterl befdasarof uhctPUmst i hhtana 0Fes pbns? ol e
moad{ P b00ILAL @Rlididmy | 1L &g CASCALCAML NGk | Ao 35

and repair activity". Inm contrast, we denonstrate in
oligdmuc bpptidat i rating sevetrtarahobliA | donaie| Sotieerding the

_ : o S Vi i W0 0

mls@%]‘ggﬂbr%ﬁ“giggu gcll{aﬁ[ % %{}gﬂf%ﬁt@%, EH@'B’(E@Pl(I:QtJ\.@I glégﬁgﬁgtes
that2 09 QRS ORCEHIH It P10 031 0D0AGI1 dms t dmee TINEY phoe@ dee aineles ot he

a prediction of 1 usef jfie tj de
con T PD T B Bl i ot S e i BT bt RSBt e
conwdr enthrancBt ke Mtbaty @f fsudh ychénical jAstetmceidnsiencyroduce

of the current, nethods. of INE is.relativel
e A b B B S| 0 DR Lt 1ot st h T Ebs ¢ e
phodplraieh i vetrey Yiatlesyed dhel ‘ot O-gosucy rodnaeogie A8Gorporation

., there is a need in the art to..cone to nmethods for TN
in SO LUT e T e B 1o o SR G her SR Re Qe the
protément Ofvo ek SsettioutaItoetapt@veposcdde @xd sthegr TiNEemical
. . technol ogy. .Description of the invention The present
LNt G A G o He - Hove HGURP T HERL HYF | TR por AET Ty e qiot vet
knovw® M dAatd @b edimPdid i et Nnuelaotdtesof M@ 1T heo@bhotannot be
ol i gonucl eotide for TNE that are capabl e of binding
PreqGifiedtrongly to the acceptor DNA than the

corNrespondi ngdinimd fdieth i weiides dikoriciGothd®s has
G the rate of TNE can be increased si nif'nfggéy. ,
beeryyqeiset IR ni Bt P By hethB 1 ¢het 20 e - This
appl VAN & sudiedd evea tdate iy dhee dCoOF pRS @t § 0dH dducleotides,
nmodi fi ed nucl eotides into the donor oligonuclepotide,

con kel ok IR P PRhtl eRd e Hhstare 1 riokyl§LiPrpeleotide,
on AcCept oM pnls Nencesidgreaseseiherrad i &y HendNErhe

Furt hernore, the present inventors have found that the
app big-aibi o1 YT FOTORT i et TRY 6td et e rfhiaheed TREcleotides

ided® # £54 %iﬂ@_ﬂﬂ'@cﬁéﬁmff’é@pﬁé’&%; wHen i {ScdASs £R8L4 in a
binding affinity to its target conpared w th nornal

ss QA de kP ONIe armll sq 2nharce Bilogr e ad W@l%%f%@romosomal
TNE. pr 4 i idid ze :
cardf, PP R SR SRl ome tlap M fecty viero

in the cell.
cell nftdw sasome theappligorivicd edt | dego aate desiyreeinab bded. This

o_the co e t e ' : '
son SAUEETRLETEN Ay DO TDie B OINEILES, .o
C5-piepyrydrpyl inmidhined,i ngnigenet ekgpelessimncldhe acids, can also

oo Giad ity B Srniheed husl b reli Siioe iR e (P
16) tthat “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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35 obtain an effective antisense response are al so
characteristics that have now been found inportant to
wenivanersd he frequency of TNE. Many nodi fied PCT/NL2008/000151

~nucl eotides have been reported in literature W)
in oo PIBOFCH NUTO0B? 0D0IEA0 1 Hat o Holw € ¢ hefebnhameadet

mod P i N @fdd i dos and/ e Nt EASEL LS SARMEE, bOUhaddesolely
crucial step is to denonstrate that oligonucleotides
on WenhtE i wihand it dirg eotf ekt ¥ emai n
bi ol ogically active for the TNE process. 5The present
i nventors have used the cell free systemto screen
many nodi fied nucleotides for their ability to enhance
T ?QHQg,t t i fggHgﬁ i et
S%Ed?/&%f rétaéiifgl{olhysl ca ptr}%)é;)ec'ﬁil es ofmt e&dn%g(%fjg\gb s s
relathictedot ildes. (d: stcdiad apeviruphosdmtyesent Orsanduad -
t:hat i4fa : ' 0 -
desit SRR B M PR S Pe S RYERFOL0Ee o
90%)i rtiiduiet iENR imeadchelrcelte fage wystam ThusetihedpreseniNE that
i nvent . have identifi. dif e t]
e A€ r?gfgflsjfcllce eCo’r qbl‘({r]rcpér%!\l/lﬁj 3 ’hegﬂe% ?E? fc]#%}rgé; %‘?‘?%‘&fé% have set
out itics elnfpr dsaer tdrerutor existiindelNeviethmatoghe present
ol i gonucl eoti des 15 present advant ageous
stereochem cal and spatial configurations. The
P DRSHi pHiventcd tHwimvemtiichrdt hat ol i gonucl eot i des
contai ning one or nore LNAs at “Eno iticgnshcloti}gz o, but .
ndthe( SNty Y YRR R R hat kY drserraFating
a cdibihidrange fdiati deasic nne id entd slecHe omide
~msmatch, in 20 conbination with C7-propyne npdified
011 G it B TV I ToRf [GARFIDNA | M (P FRGLAT mOTe
st rddPgetherc H d Cath DN G | ateddtied 96 h@Bsd unmodified
i mproves the efficiency of TNE to an hitherto
nuclabistes dd kstfontCr ity g tGc g 53R ResT N hecan be
incfddd enNGh iofi ddhtvi WO WiNER ot et Boud G8Y | théSLy, the
system but for instance in a 25 protopl ast system o
presEat HinvesHdrs heldfqecttipit oy dd ol iyeomire edtierset modified

nuc I MOrRY at{g e ndPr&L Lis, AN Ofe Ot BT onor
propynyl at ed nucl eoti des at™ various positions in the

oligsinugdmadlialst ikderdbh mare f5teeienley tof TINE 3eCemieceePA and,
hencféf' el%&%éalsleég has bean J nyestigated. 30 The TNE activity
of 'such olig

onucl eot1 des was conpared with the TNE

- adhintiheyrmefreo| itgon sl esstri td e veadeo 1 o verof ereid DN torthe

. af. ol j i "1{%]%' [ &y LINAS,
abllgrt}grdo%%nnyféfﬁggdl%a%%a%od%%eeIt?&v\%ns ou%]dﬁ?%\g%éﬁ fwo
impapd tiagon uot gt tiess ¢ ot Jai i gl roreearedrdr End NG @ffinity to its
tarfIdd QNS JLNPMEA o) LRSI AR AR UsiLOLASR (31 O L he

smat iy conbi nati on with an |ncreasi ng amount of
b1iolpraipyaly laatteidr inuc | femt | des TN rsasess $ heATiNES e@fi$¢ cieplyology
ot

alsc%gu;t%kﬁjtzgessuo Sitgiénu&éloenostfgleds i oselrrgétg)@éc’ <J:\IQ épfe&.m JLnf{f?g cell.
In this case the oligonucleotides are designed to bind to the
complementary target mRNA. This DNA:RNA hybrid is recognized 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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WO 2009/ 002150PCT/ NL2008/ 000151 a |l evel hitherto
unobserved. In particul ar advant ageous effects were
w@edwmoado wi t h i nsertions of nucl eotides, i.e.PCT/NL2008/000151

inserting one or nore nucleotides at a given position
thafanghew phFReEWRRARGEH PIRYHNGyat BRit¥(RPA4Qr nuclease

resPEO10PL ast, SYysie®rud ) effdSi £8CY, SqdRen sBF kedl hat
enhanced. It was further found that this

oligemamkenieitie e oedrl 3} o HeS T aprBe@Hl byd vargl et 1¢es remain
bio%’%??%le nd?@@:%'f@é of e thigs LMAS-obser ved when

ol i gonucl eotides were used for TNE in tonmato
| itfe st oplasivaiieres tihage gaved afheinp? bk eldesr edlyaioem to

iner j l i id - h
ocrdd5FERE 40U RE 00 SOTUL B Ohor D) A0 Epld enbance
TNE prred eranbt yfaund edsit 3hhoreapref erabbyedicteddey 4study of

F e re | s fo i ot ' i d
ere GBS o ten ndADoR el Lo o el eal oy
additieords tihprovesent Divserveds wasuhdctisat miepemdent fied

i ndicating_ that oli,gonucl.eoti L pv ' i th
SR RN R TR St e S R T S L
olidanudie= ot sdred cin af sctc ajpalinl el of THE oim dilng emhlnCese system.

freqguencies of, TNE .in a .speci es-independent. nanner ,
Thug ut?ﬂe & TP atVEH S G Wg‘fe cle(?(f%tl %em%élefs]%%$ nucleotides
thaﬂ:?Mﬁnépﬁbifidrﬁbzkﬁm@xbtﬁn@rmmérn@fuéx@n@pnsfdﬁmatimmelf.

that the desired targeted nucleotide exch e can, be
rar(iing 5 I SULE TR St e B S N ARt O i des
prei%?ﬁEﬁdﬁﬁ??éﬁe@@§ts@§$@o¢ﬁ%ﬁiﬁmﬂfiﬁ@ obagnlict@of 1 glesations.

that further contain pr nyl at ed, ol.i gonuc) eoti des. ., .

e GRS i CiE d T e | L Ryt des
conttdien Dhd goeIcheahd 8 O@ms ber vies s Beli ghd hiTodéd nid s @St not

W ll_be disclosed herein pel ow, . The, present
(difsrieht) AP1HRNT it It BPFRRTP? ovi HES- L}\ig\c%%‘?f?%da
disHKEPrOPYAY| Bd o6k b gonuel ot i @estrdhechidiusi smeidh £din

ss-ol i gonucl eoti des can be used to introduce specific
combyrt 1€ 30 hdngesr IRy M dftd Bt Ak et " ora Cerpiopyne
modilffed Wfﬁmmﬂ& apphdcad e imqibecdd edd wiopyopessal

research, agriculture and to construct specifically
nuckrtatder bl B Esowr it rd Slcierfudd ho Wankhsan Thetherto
unedpVentd Ok i $h@l Sph i £AR1 £r | b hovd s etk ol £ AR EAPE of in

and gene therapy. 35The sequence of an oligonucl eotide
vivefTNEe irwemdonin sa heabl ogors svster thitgefostingrnce in a

for part that contains a m smatch base that
pro?ﬁf%%%c%%%%ﬁ' base change in the

To this end, the effect of using oligonucleotides
incorporating one or more LNAs and one or more propynylated
nucleotides at various positions in the oligonucleotide on the.
frequency of TNE in the cell free system has been investigated.
The TNE activity of such oligonucleotides was compared with the
TNE activity of oligonucleotides 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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WO 2009/ 002150PCT/ NL2008/ 000151 target strand. The
m smat ched base is introduced into the target
waeegaesasl By mani pul ating the nodification (cCPOPNLBES/000151

to conventional A C T, or G of the nucleotides, and
a leped PhtpartecubapsepyefmnipuPatt hguine PEraPrfeAcana effects

wer@MDURE e 0845y PRI {h6akEPBnof oEhguol bgpnyekeotide thakrting
I ntroduces the m snat ch, the efficiency (or t he degree

one obr smetessialeptifient ablea changesPasi t hendesflr g particular

in PHSbEan?§QEéH§ E@%&Huggeég?ggglggt §2E9%ﬁ9 @ﬂ@tg§flc1ency

ct o e i hvenfion r in a od’ for
wastmagbeéhya¢mbaa¢e@n of a parent DNA strand (flrst

st n t o t e
Gubf ol FEOLRe 5| TA0Rd Do POARE IR0 AL CEbu P e s0 be
1mpn®ee@1BﬁHVahynmglEbeldemeHpamédpQ©lth@n§aoénthstLﬁhd,

wherei n the n | i gonucl ide S eglio :
oos SRIEE, DS dRLEl 8l LOPRUALEPL POl BL IS B 5eRbL s i
tomdvo hawet ap hd gbiet a bt sdvihgre apaey t yatdaant heppacedented

, acceptor Stra | senge Of roteln t t
inctEE PR ARS Lo Sobl h S B s G R aR eh ek By  RAE BfBs are
posihfom@&e@tly@agtsi mﬁclﬁeti@aenip@ntl|p5efﬁrhhéy at least 3,

mort | DHOFCETOpY | i 20°Tboket i moe rof erred 10 as the

dOE‘l@fﬁhéf\irﬁchréTDﬂﬂ: fwg@l Aegh & ot i thesd et abh ver t sutheotide
unnodj fi ed ol i gonucl eoti de, wher

by the LD
changeis f 12 at Font PLat O cAFRAEL DAL o7 %%?%gﬁ%gm%igﬂgttﬁa?

1mp§é@eﬁ@ﬁta@b@@ﬁﬁédt@a§hBoBh§nBﬁ@@p@m@eMbﬁrSﬂ&l&éthh@rthat
pynyl at ed nucleotldes are incor

011%@¢©%%%%¢%%?$d% thpi LAV PHTLIoB %&tﬁora%bg%?QOHEC%ﬁaFldes at

par@i@uﬂ@f B & eadyn & NboiPat &4 et atigle N9t sedtEheapesthpePle of
he m snat ch. Advantageous results have al so

prOBé%hn@cﬁn%@%aeqﬁ?ﬁegﬁ%%?%¢%n% i o BA sPPefERgs iSPRgndent

mant & 0£u8@n§§|§ngﬂ§§ta§§@rghﬂ@ai0céh§s'nVent|0n W th
conmbi ned LNA an ne 30 nodifications. |t was

pa?@¢c®¥%§¢@tsh¢%@$%}%@ 19 Hote hased cthebheodnyerpive

con§1389§9£$ﬁoﬁﬁ§€stﬁga&e§£§egn9¥Pgé@e&h§H§§é8€§dE0exchange can
I nprove binding efficiency, were not as effective in

be FNEi@ved Hey pElesense cofbPahElvn(bfe LNAL apgst 50%, preferably
SQPy@§°FnﬂNﬁ'ﬁgﬁ9£i88n8fisgﬁugf§©t§§egbﬁﬁh£egurther contain

escription of e I nvention
proQ@@gl@0@45@F{g¢m&g@@g¢@@@q51The location, type and amount of

modification of the oligonucleotide 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% doﬁginp 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?%-&g% ?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

LGP ES T LEeREE riie Hupl B DA Cobidige fieBlotide
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
conprises 25 at | east, one msnmatch with respect to the
Parelp! BE L VoGl L e Bl RET S CPrek dipr g 1g hepat 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 nucl eotide is positioned at a distance of
nuclkgotidat e MreERiaed rom e atigeustlemeide, typically:
at tASTLM 1 4P e ef erablye ther ol hgonuc! &1 #8ed and not at
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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WO 2009/ 002150PCT/ NL2008/ 000151 contai ns at nost about
50% LNA nodi fied nucleotides in addition to the at
wo e@sooxane propynyl at ed nucl eoti de. The dPCEND2008/000151

that contains the m smatch and the sections containing .
t hie! rAstR 13 SRE FrudH ot I HERSY L O here NP ™ geligonucleotide

for PEORYAWVA Bt et e F OSRSELE ¥ EL YauBYx beNOVEL b ai & 0. tHAUSupl ex
in certain enbodi nents, the donmin containing the

DNA pieaiande ieentoriniaw a8 bl fRMente et es o @ t#reond DNA
seqﬁdc?@%cﬁptﬂsdecﬁ@%rg%%m | O Ofe WA £4k tH€A sequence, the

“nodification is consi ed. In certain enbodi nents,
oligdreiafernti iid reumporaieg driowrimoitabebt i omablia ab
ertai ' t i i r .
s B e L i i
at lowsotti oo mEysHEt dloonl el mespdrt swetiposii¥oh WA tequence,

' ucl.eot i de t thi :
ana JIIRUEIAR | E19 AU ORE IO SABL ST 1 &ast Hhe section
thatenbodiaierd 5t theyst carp beodiofieed harc et s&es i loav iy hi nhigher

.15 a domai.n. For , the R ' thi
oindihd SR compdfi T gRRalh ) ME g i o, T or ¢
nucloartiaigrs, twieerdismat ch which is to alter the DNA dupl ex
can be l.ocated at a different -or ,shifted bL ro
the rﬁa‘g}tle&s’% 178 1% oln{chﬁdéé‘tulcc}eeqthla i naggﬂz% etj?aéolén
positi qregd iatulaardi dtrarces tad mete ook trents mhefedthiddiefrom the at
cell's repair system (or at |east t rot.ei ns. . .
lea?%\%}%éﬁlé&ﬁ“"‘ttﬁq rﬁ%(?s%?%‘?ﬁn’orofag(tl?réag@(ﬁpr% Qi tstdqypcteotide
contafithd nmolmnedt iabAINE)S et IeNATnesi i & hnwd 1 4 diei & s anasd
contain the m smatch and, which strand is to be used as .
P e S e A% SRS S 2 PrsrebSte Burine
or dNSvBd@ieOnsyrimid#docked Nucleic Acid (LNA) is a

DNA anal ogue with very interesting properties for use
in antisense gene therapy. LNAs are bicyclic and

trirCyald GIpedteosiie anek e gld e anal g uesmadi fiet
the oligonucl eotides that contain such_anal ogues._ The

oligRpieladting ol PSRRI IR iR ot 6f | HFLeX VA

sequd¥ise andhd el gl etk anel oSt Ehrsicd Dseh | 1 Y9 IBWS sequence
publications and patents, including W 99/14226, WD
and gp/sse7s DNFo oy sBE0% e WO s/ Smpd DNA sequence is 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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United States Patent No.6, 043, 060, and United States
Patent 35 No. 6, 268,490, all of which are incorporated
weooeiomeiby reference in their entireties. W PCT/NL2008/000151
2009/ 002150PCT/ NL2008/ 000151 Specifically, it
Con%®h®$n@§ nRat apPPiEyo 0o BNAcPPHI fakd BéF%@@ﬁléﬁﬁréBtaddltlon
ﬁ@@ ECPé£§EtoﬁérgﬁééyﬁﬁlgbeéDﬁﬁbiéStEMé with very
io-stability (1ow turnover) and unprecedented
affh®|¢9m%¥@r9h®¢g%0®¢®ﬁﬂ%gt§$r@h§mﬁtﬁb eafgehy. segptions
con'é%frt: ng hene. rﬁééi?ié%f h@&i@@@fdéaegprdﬁﬁe%&b ENA Leaves
affinitfies o previousl'y reported anal ogues in
propyeylaved o- neslesttivabe. may beNAvEslapprRNA- aRhHeguén
0SE. LS t s i
cer i R D LEP D Eod SaSh ! hALSLnERRSLRE! REGnaYcA ic
locdtedanbon atdheremhigodbitdge @Bsthéc@éigheugmeotide than the
secgleXIbfl%ﬁ¥c ftﬁg 5&9@%&5@9?&e % QQn?Q ngkslhhgertaln
fucture Thto ari icyc or na
embdmnmﬁmtsd they@eménm thospdoateenboenarlmnreesatt$ohﬁ- In

n, i ncrease in of _LNA cont p e :
cer %h%éﬁ@%%%fme%?ghere Fh%n%gc%?flnl%ngggﬁg kﬁéhé?mggg'
cer$$£m|émbmdiESntﬁwEtsaedmmainsandlesehaaetaohaamhy b8 located
enonstrated, t he Iock %g e co tlondog t he
at %a?am%u?oifgbo?eQ%aT oner%nareaa
lendth Si. éhetMeU@@@diémsdcaﬁmgh@@utnnMehgﬁhldad pommtdsn In
an N—t e confornatﬂon ortantlg Bhe favouragle thi
QRLPPRES pf L ed%a ot cBREC at "t ReCBR pRRSELGR WitALD
a d@ﬁi&m i nportant properties as 20 is often observed
with nucleic acid anal ogues.
(R NG ChEar T bt HT SRR St T hs TRARS skt phE rEaBRpot the

1i @ahODuSt Uk VER S€. cbNe DasesheanibRat 8EOWROERAL €6 totalter
ol i gonuc] eoti des as_short all-LNA ggquences 0

the | Iy efulR A DRAR AP b 23t e N RarlbhESpFREedTi %h?ited

posiEﬁ@ﬁnﬁiemzéhg p&Ft 5o f POSE t bDNGonheVey el deddRat OikhRbBified.
igid bicyclic conformati ons, LNA residues sonetines

In ERSEiFBLARe Hel FEATS{ STOORLAGET 8| thaEFdnstREngs. || p repaix

systSmhensesgengsal | yndessopEehsr i £6ol pedeRi A BAis system, or
ol i gonucl eotide with two or nore adjacent LNA
at }ezsEuREot PHRS cfadl yare nenYNAVedsiuedEar detepaiapegwhich of
the e AIn39 L&ASLiQNEnE MRALLL L) AHE! fRIEHEsE Pahqd@8StBObe used
disturb the helical twst, such as a conventiona
as theleomplete Afor, the germgction of ¥he BiFgRhalty
devel oped and preferred LNA nononer (the 8- D oxy-LNA
nmononer) has been nodified into new LNA nononers. The
Sanﬁbvearaati@mg LNA shows superior stability agai nst
ucl [ f n
e R o A N U e
interdssemgeproperties for use in antlsense gene therapy LNAs

t%? same

are bicyclic and tricyclic nucleoside and nucleotide analogues
and the oligonucleotides that contain such analogues. The basic
structural and functional characteristics 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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WO 2009/ 002150PCT/ NL2008/ 000151 ol i gonucl eoti des. Al so

xyl o-LNAs and L-ribo LNAs can be used, as disclosed in
woe®90aa26, WO00/ 56748, W00/ 66604. I n the preBRENNL2008/000151

invention, any LNA of the above types may be effective

i Srechifaviald whe (e igres fde midntiitoh,tq s GrigHaae
betv%eg{ fd&fr%bocy a‘Hci~I TNEoMiddy & {gtesr rer(g{élegf}{ of eRfl[%ll—My with

ogues. e art on TNE, i cation has

verybdergh mwm@m a ]ICPVSttlbﬁfnCp@sFS) Fned oliRyaRRIV de
t ]ﬁ ﬂﬁér dv ric
afflq%dde}{:u(ﬁpes useog&}§ \/Eelsezlrgtq{ h1§e$zca%}szjér}? i nIdr|1 c%aﬁton the
ffnmuyheumneatsrws:ef@crrctehmw:sﬂgge\@t slaawvgs 1ha NX fvogi figyl of
si.n styr.an Rg% ' oQHg! t T
all &'t clloélnscfrl 3%’. |ca(r)1%da?/lto t glr{egct%‘z%n?L gjt:&ﬁ%oa\&t range-
pﬂesenkiyubé@u\ﬁmmukbguﬁﬂwﬂduwHJWN|uhqxnmhqaﬂua$ at

ast qne nucl.eot. de v
str uoq ugroan1 & S HIEE %)&f con %lréﬁrloéres{ﬁﬁéa?ﬁéq g %eo%rb tg}?e 2
oxydarountded Heo 4 'heardarre st onxol e“lrmmﬁtendg‘e Iestricts the

nucl.eati des) I n certal odlme t.s
£ 1o 1ot e RS Sait T At ont s g peture
intd easti gre bipyefleraormatt 1@astTid,s rmre:qdrlefoemabigpéz or 3'-
i fi ed nucl eot.i de(, In certain.e

end e BRCTBH IO (e IS Gorh b OeI FE T Cord M6 tndPe
conttdiaiirndgy Biplexds, fénd?cdhséhudﬂtl&)Hﬂ@hdﬁﬂhﬁndﬂhg affinities

nucl eoti des. In certain enbodi nent e at | east
and GHENAA S G T S T e e 4G G a1y

demdﬂéi:'r%ﬁ;tdcﬂﬁ:&me prefieraN Myt e rmifo%ma.tcﬂcﬁotdﬁieﬁqe nrmze sugar,
preferably at mpst 6 nucl eoti des, even nore

but Gl e lad it AN NfoRe L, @rsores 14 o‘iﬁlt%te their

unmddiSMRLE hhe idhouB i dreferdead wveodisem N-he@d | east
one LNA is gosul oned at a di stance of 1 nucl eotjde

con oI tifn ni SRR L%, Wife AKAWAE e TR IRSSI®T oiheFs ©f
LNA RS wRan ddike 'Htsr@{é:rb@%sté"'%ﬂhﬁhéﬂ" GHd@dht properties as

enbodi nents relating to oligonucl eotides 30 contai ning

is qfgran tAhaeome INAD Ftudlaist acis gnalfgusNas are

| agat ed Aty A it ance Ofy 3l dreast e dWdrati der fddmnat
the mismatch. In a preferred enbodi nent, LNAs are not

makq omattde dljAacerlaBieath BIRe- BitR fasaha kpart by
1nc<ﬂ1&3419aa§d ({r}?cdql@ll%r{ﬁecpcrﬁfeesr all s o1 1-h0ee sequences

eotides. In certain
or as longer LNA/DNA chimeras. LNAs can be placed in internal,

3' or 5 -positions. However, due to their rigid bicyclic
conformations, LNA residues sometimes disturb the helical 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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35 enbodi nents, in the case of two or nore (even
nunbers of) LNA nodifications of the oligonucl eotide,

wao b@wexdsd i cati ons are spaced at (about) an eqeeil/NL2008/000151
di stance fromthe m smatch. In other

o11iggooy boPa BT/ NSO 08Y Bo01HS v @ sh- JE)%%‘P kBT yCameLe Nased,
as dTPéjélfdé‘«ﬁa | QNS P L0586 TSRS SyIR! riG@d ) ¥e 86 SUnth t hige

m smat For exanple, in a preferred enmbodi ment, two

pregauts Jaﬂeérp‘@mru cared VARt rileel a0 ve oreie ¢ Hea yi Reree Efective
I [ he: mi s d 3

in %?qﬁ%j%.giqggi #§%#3235;§¥§erXéﬁf¥%ﬁ. 1§ nﬁ&ﬁ?b&@@

efficidriy Q@(Ml“smlcﬁi) -N@pmgderence foy nBcleri¥p nanalogues.

arhodi o iy I
op‘i}t gde%glr%%onoﬁ%:l eot’ g@‘ar{qeqi Ilgjeé?c\g}lét}?%%s I eﬂétﬁéﬁ

amomn/@tlijostaloﬂpc@sﬂbkﬂ CGI@OHIEpl@&E’@:dd¢JW¢dst¢W11@B as
count fe 9 abl

1o G NE SN TR (REF Bholifgidueves,

themmsits pTcefJeraJhizytJaIn niosttHkD%rt thus|facerhai nsuggests that

re than tch ca r
LNA é[fcfcﬁej%’ rﬁﬂrfgrdﬁeous ayn%%é]g)ul\g%eg% % & thgé é)lgl’ygr?gés TNE
eff:ﬂinegnfgucﬂmtlﬁecamm;ammmﬁa&ﬁm etrﬁmtammqamsemtbyl been
i t her, adj acent or renove t| ons_on
fourﬁf ”Eb cti‘}beo?lr% 1SR %Ell?tg onuel eo? Ut tdH away
fronbe raglapitath tch agcdiomdate cﬂlﬁgmﬁntﬂé@ttld)é ddds tdmatcontain

nor I S0 PR FLES, S| 0EEL P L0 B Sl 868 gt o

nuclcapaiddy) anaLt ai ned bi ol ogi caI act i VI ty due to the
partl cul ar, conf or O{mu on of the LNAs

O GHRIGI i |0 R o di<n 1 Mok o i iR Lees 2

sectisHmBiHdt: aéorﬁ:adlrﬁé ace fstl dnel gotdterdsoyn dtheleast 2, more
m smatch. In certain enbodi nents the oligonucl eotide

PrefesmRionpt ¥ migsil HifeduG Rptidte ke Hi SRt 25

embdWiGlaptd deshahiLdht iy die @ aceiolic 1€ML &e (¢a®. contain
nonadj acent) The ol i gonucl eoti de can conprl se furt her

moreydiEhe’ anty sectioy to dbcotmtat 0 thig m

nuclRYdifdd ar can conprise several sections. In certai n
enbodi nents, the oligonucl eotide nmay incorporate a
pdtrermd 2 imsaodiments (et nkttledh B the positioned

at A cstdantd: ush an dNSRId 1BYs VarYe f&rd i8NGt most 8

fromnore than five up to 100 nucleotides. In a
HUClSEtQﬁJI%SM/aWOITm e feiab lehsdditRst s Het eebideTare R more

preferkta[& cad r§8 sSi4M '3ar d.engt f}ld’@fé&!i@é‘é ££5RM He U1 R0 ch .

nuc The delivery of the ol I gonucl eoti de can
In shenachimesienied 3gnedigieropore iah beadt hepe LNA is

pOSl \eleéH'aO@% ;‘sc&iue&éi%ftlh%@f@o@ @bffo@ftﬁ@'m VERL G,

er to us or the c ytopl asm In vit
i.e t este nglco]feqtheierreltmm@ftltdme@r@femem ntﬁeemmmm@fa@h brnd 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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WO 2009/ 002150PCT/ NL2008/ 000151 achi eved using the

Cell Free systemas is described i.a. in WO01/87914,
woR®3H@AFR65, W99/ 58702, W01/92512. Propyne PCT/NL2008/000151

nodi fications 51 n certain enbodi nents, the

WOT Gy i JorRicd eat et RO A sBRIRL k@Rt oS tHeR ROt Bl pReGt
symnEeSic oM, HFEIL]abhy Rl sh@ash . Zro FELaib BE e bl ¥ ieferred
| east 3 propyne nodified nucleot|de(s) i ndependen
embadiesited FromhMOMEE B7S bt orrd andies t CECpl Yni”él@‘ﬁle the
mlsrﬁafk&?ratta'zp cﬁ%é@n&§ trﬁ‘@cf&%ic@é‘ berﬁ h@hé—insmatch (and 3
I gonucl eot1 de can contaln nore than 4, 8,
nuckgotorddl prapysrcinodtieed, nuck eoti %) ﬂh— (:bér%rac‘rrrch
Ze)rrbodlnents the section is fully nodified, i.e. al
pyrimdines in the oligonucleotide carry a C5-propyne
substdenits ion earzdiments purt messtt ¢ & @ I opydiet ied
uhst i tut he cat i
nuc PRSI P T Fate et B A [ PP, e
the erdtrucbrrterursalt Fer eC are secti bnsrembdcent oy NA sodiA i ed
nd sectiqns that, are_propyny. |
cou %reoré) nts S eerasbef1 |ng c(g% a%%s ({]#1 dﬁ\fép%]? i p%%emOSt
25% mogidn edb rmugdsofé desl y | st aesd @i :hO%,n‘mmhl mmt’s,prdﬂéerably at
ol%% onucl eotide conprises a section 20 that contains
most 11 ast one, preferably at |least 2, nore preferably
atIrd eastt a3 rprevmyoe nadi § embmctirem Tory::4 SI)lSIﬂEftCﬁ’Erdialil e
. egﬁfdi nts, the sec{ron on the oI| onucl eotj d
inty r?olrteleil?wa?rlrﬁu EnRUSLY o g8 %‘? 30" Hr
oligﬁﬁﬂéiéﬁtjﬂ%ﬂ?ﬁﬁIahﬁbmmédéxﬁtmbfbEﬁﬁhnﬂdﬁﬁﬂmﬂimﬁtch on
section is fu 25 no i e. all pyrjmdines in,
o1t e 251 AfEH Lol bt TR CRH 1 S R ) i S et i b L T
thiAHOr @&ld JUrddasc Cedt yda & m@m@&wsﬁétmémw&e a

certain enbodi ments all_ purines nm rop 1 g
secaiifh THe ByriAi Tt iyt Bev st (] [Tl 1o grein,

prowitd&d. tHé(}/ GRS trad ﬁ[@@ﬂfé@@tﬁltrateécﬁa%t}i@r'% Oimgﬁf@vé@
nucl eotides in the oljgonuc|eotide is repl aced

b
bingimhyiaRagidd QunierpEred R h bbbt ey d .4 a‘io “the

part fagta o my Snd €581 &Pl yhatLtRastn 50% SVRfoi®EBeot ide,
preferably at |east 75% and in sone cases it is

i.epriedgrad hatPaged easeuyd DhdfntHe it | Fotd dikskinrce of 1

nucf&ﬂ!ﬁfeedfr@fn thed m PERpyay! at e Couterddd$iments the
di gonucl eotides containing pyrimdine nucl eotides

ollqmrwplaeqatrlcqg/rgan FIUDE BEe t e CoLIpeRs i T T iR mismatch
nuclsé&bl@esdlrmleere%néxgdoé rid exsse thanddeid €ord espondi ng

pyrimdi ne deri i ves.
adjazcmg;/ )00 Zit50 RGT PO0B? Q0DAS ICPur¢oreP i ¥ et Rapredomains and

sec%&ﬁ%’e i n\rﬁ&%‘ge alph{ € Jnc@oﬁ{ t;Ba‘PPt QLT £VE N6 rise

plexes and are hence referred Thus, 1n
sevq%ﬁIEﬂechqnsurkni@ﬂﬁﬁnnmmﬂmbpdxmémtﬁenﬁwew@%AQwa¢k#0tlde

may 1%%%?%%344“0 ert]t’?lé(' r?éex_jt piflﬁpém:yé '@é”kl)@ inserted in

nuc es ( - propyny
the acceptor strand. Such an insert may vary in length from

more than five up to 100 nucleotides. In a similar way in
certain embodiments, deletions can be introduced of similar
length variations (from 1 to 100 nucleotides).

_ The delivery of the oligonucleotide 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
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5 derivatives of 8-aza-7-deaza-2'-deoxyguanosi ne and
8-aza-7- deaza-2' - deoxyadeni ne) whi ch enhance bi ndi ng
W(aﬁffobmzlyoto an even greater degree than C5-prR@EyNE2008/000151
yrim di ne nucl eotides. Such nucl eotjdes are, di cl osed
achigied WHiB0| e % SoRioE FOVEMAT ol & ART ULLFES. in
W00 BABDe BA9610 3D}t TS % Al o SIbosti oNtBe0 TPEE5 T han one
mi smat ch can be introduced, either sinultaneous y or
successi vely. The ollgonucleotlde can accomodat e nore
t o Qe HSAPE b Qb4 ther adj acent or renoved
| ocati"ons on the oligonucleotide. In certain
erbodiarera i téeb ol ingoriuel ddté del teeneohget sde toppnbses a
sec’é Qggr?ech @uéor%aﬂ?sre {nlsé?blt?horpé"c Péf??at’l%#é &@ f@é(stbeZ, more
adj acent " or reno a( . non- ad]
pre i aoiycd eotéaet chmmpmre geod uf t d@drngohed hsdans) ,
sect to t
inaGeRi s SR R S S LA G e £ e
pyrmlcgmmclhmtc@hetamy emhzrmd pur:]mtse, atlpot eat i adn 20n i tiser t
s to,be inserte n.the accepfor stra uch a
Oll?%%‘fjte%ﬁ/d%aﬁfll% rfte‘_’lnlgr% hm?rorﬁahrmr ei‘than |\r/lgI UBS tg 8 10
pro;ﬂ.}ﬂ{b nmdjeioiecﬂ:lemc]larbtal@asn | x mﬂytamc«anb@aiments the
nbodj ment del can be jntroduced. of sim
ST IG P At | B IO (1 m i 5 o 20D MOEHEo | ety L o8
ollgmﬁ]llca]lé’b‘%m/@rﬁa&g@i)% Gﬂhlﬁtmﬁb'pbga’m Ssm']isthaatimrﬁm@,fDr all
nucl eoti de insertions ha een achi ev t he_. .
bur Gy G Bt | HEE PN Ho SHRRE ROt es ¢ i hodfEication
can effdipent Scatde o iganucl @ot i Ty $é1@toi¢smr ale @rtain

potential insert that is to e |nsert h :
b oY S S S T DAt oo vaTY TorB5

sectf 1618 hakt Bre brépwpyt Qndc@ﬂffét@] emld;"@ﬁtairﬁl anisédith@tits the
way in certain enbodi nents, deletions can

Secqlrﬂf‘r SRR o %ﬁ’?ﬁl%“%t@ﬁ%ﬂ%ﬂ%%f%?‘? dHdleetiges. In

certiil egfisleSlents, thd b XCRSdRLEL LMD NBHhSKi s | £a8&ction
10 % of the nucleotides in the oligonucleotide is

that gnfctin byt tkepilofifl eRf IRRbuer Rt 4n more
pre&&F il ebodi et Al JRashodPrid@rfuPT &€l @bl y) attn

| east 50% even nore preferably at |east 75% and WO
cer gD/ PUZAGOECTY N 2008/ DO0AEHAN | ¢n s ehseeni¢leqtide can

contpa{ﬁ{ gided that at 4 east PO 96 of the ﬁ@‘oﬂn@@éyrgeesm@(ﬁffled

repl aced by their propynyl at'ed count er part's.

nuclm@‘pwﬁsﬁr gFougr i i teieed Heeboh EhRi PeeF PP al $ rf\leeY
mod 28 L det régiaepﬁﬁ%df‘né;@vﬁll e{}ﬁéyoPP {Pedhege carry a

nuc si'c structure which ocated at the
C5-r@sommoset t$ WS ot t utheorpyaiav @i r@lhrmmatn%eca?rlpbs@ i @h-BFopyne

subdi& BUd e Céeexoéaﬁg rga&dlr@ntﬁom cYlPsioe Ad be

uraciI” (replacing t Ine on t gonucl eot 1 de
promlﬂ@mr@@hw@ﬂ@@mnﬁy @@u@ubweswwcﬁg}oy nbNAs or

v1ce vepfé) +y§é{l§-\9§ir{] n%%l%erptgé)py Ié'!x?'t_mi@ 9’]'oof the

espec ive propyhyT - cytosi ne residue
nuclewtrsdsesin hehdnebigch 80 eat siagl e CSp propynyy - Lkaci |

orofsh A AN Sl s e P I AN L 512851 o,
morel&%eﬂeQfoblyM‘mtadle&rstetS(a% 4998 mdumdaepr,eiﬁerdslﬁe&t PSast 75%
and 33'1127891%5’5éa CO| OCCI (:'\tpfaelfez_;l'rgegé1r tl"léb‘{n Qefééggg &&6% o7§5fhe
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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15 786). This is attributed to the hydrophobic nature
of 1-propyne groups at the C5 position and it al so
w@bdooms21bet t er stacki ng of the bases since thePQr/Np300&000151
group is planar with respect to the heterocyclic base.
Puriipe Wi ovie’l $ATRII PECPYdPef tPesibrcnt i gontiefedtPaestzpn form

ever M AL NENG, (5- PLODYRASs Sibstd tutedh PYTH AL B PEedl ORSs, in
has been exploited to alter a cellular process. An
certatn sersie ol ¢ ored@bneiies conf bi ol elC C5Y PP opyhENGF obipsreased
e Ul ' it , 7
thr%%ééﬁ%ﬁ%{%g§ﬁ§€ﬁgﬁggse iﬁft ef?% i%?%?%ﬁg%?ggﬁﬁ;7 propynyl
der expriess ont (Snapgrer’ edeata-299deSeyemeroEngeand 8-aza-7-

10 1 ; : . Bi 0 14
R i e
everAcdedrary Meyred Ithdrl 7C3-23op Fue tther i @ine hegeleotides.

experi ment s de S t. | go '
sucf SRR PP S AL LT ED ol gouohect des gt ez002
Nucldiec catlds |Red he3@r t5 005 AN 6 C5- propyne 30 pyri m di ne

i fication has been |listed anpngst a |ist of
p i?ﬁéi%ﬂqgf <§iﬂﬁ?5ﬁyrﬁ%ﬁ?F@5 P oS 8T AT eFhafiieRs
intf@dudd, ittt Csimhecah@susbedor nsdde s Howelver , Théer e
.1s no indication in the art thus far that suggests
o1 qHUIC K L T T OB T dT TS St &P AS o1 F Aded” CRA
eitigd i GOl &0 | $hesr @b ebodiNE &s edd i ehensyigonucleotide. In

significantly to the extent that has presently, bee
ceriaithcE TP oM riat i oh o PO S 95 o oTOMRS 5SS tWo,
t hr&009 002 150 REIY N OO OO0 15ic R b gdleshighch may b8 &djacent
further aspect of the invention, the qgéi n of th

or XARHUGE dot iR T BBk SR By 0N et B T P nGaR hgomPrise

furSeatenses of s tey ascept Ofis sté adhotfio@dtd teas) hdain
section of the sequence around the nucleotide to be

Par ekl R TP ITEIE (ST 5t + ySHet 1oRT hel BreRFtat at
embdBMNdD, Heferapbyudbeo?lue 2Ra Pridto Y6 £04 1 desotential

~adjacent to the msmatch or desired position of the
insgpseritat prefler dif Ve BN 57 dehdfa¢rP P snat ERnd( forch an

ins&AmRl ¢ FEEEHGEEXIG 1hsh 6hdrX 182 0r1he ) st eho or

I nsert” position); - designing a donor ,
nuclkg¢lgotrred ebt idlesihigtay svannph epentaty eePoREnert pot peletions

M ' . e _ " . o nen t
can (38 SRFAMIS A Scell 0 gL e e g0t} 2601148 100
); 15- providing (e.g. by synthesis) the

d%ﬂ?%é%ééﬂH“&A&%Hﬂég%ous embodiments of the invention,

nucleotide insertions have been achieved using the

nuc

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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with LNA and propyne nodifications at desired
positions. Modifications may vary w dely, dependi ng on
wWo b@ooirisunst ances. Exanpl es are CCCnCCmCYCCnORONEL2008/000151
~ CCCmCCCYCCCnCCC, CCCCCCYCCOmCmCnCm .
in RO GYcCoa « Braeesrivariontocee sand® sb 20 e
nuc MY £ids GRSt AQGE EQN 18y LIVE OF PFOPYRe1 &l féSdnterparts.

nucl eoti de residue. For a different” acceptor sequence,
e .Fy P TOUTFACKGIOTCATGAT , Lt e esbdirh i @fohofith a triple

bon | iganugl 4 d8s, fas b@o@ﬁé.rg@fg’b&ﬂgd to the nucleotide
ACCCALGYCLGGTACTA (L= LNA or propyne), W th

basimditfieetion wsicariablecatedat i eel hemsisibeiay ©f 2he
pyrfﬁ%ﬁfﬁgl t§@ gﬁg\if?&g%{gﬁhéf(¥ﬁéﬂéikfﬁ§ HORPL ot 1 de (Fig.
ol 1 gonuc € presence O r

eotide int oteins that are
2) . Gapableytods tree get@durel kot i efel axichangeymidine nen afee,

' . . , : ; el o E
o1 bR dL S oA P Eled N S AVR o1 b
resuftirentibel re rdopynd 1by ytteedne, ainedpiCSvedobinstilngracil,

ffinity is,thought te | i kel
eSOt oot 1 00 1S ERACPEa 50 TSUR (6 L af G bses

the thu®yi BpBSG,ng tsHedINE C8f propengy-ubanyldbyf ér @A€C. (Froehler

chem difications of th u 5 backbone or, th
ot hied Lo BT AT EURE BT LTy ST 1 HT9- O THe pregent® - 1999
Bio%%%gﬁotgfz;i m%%b%%%ﬁo}tmjw on Alz.NA n%m fiedl N> Acids
50P L 00151 ol i gonucl eoti des and
Res £ Qi TVl 1hot i GRITHTT o8 1 TN s deiBridiel . O7C kb 785

786)POSHEH ON 4 Ny el 9 Gonue | @ i rophob AS sEErdies €i Thpropyne
the capability of the donor oligonucleotide to ,
groyni |aferidte tthe ANE Ty i off tHeSQ ypklows | Rl s oS tifgking of

the MHRES éﬁnéé”@ﬁéVﬁkéﬁ%&%“gﬁguﬁnxgfﬂfﬁh&WC&fﬁﬁi£@§pé@@Ito the
n the

are incorporated i donor ol i gonucl eotide. This
hetengratsilic yash be quantified for instance by

ol sin 9, 46 NG R dd 1t s (OF Syl &1 1 des
energy (G bbs Free Energy)) between conventiona
contrpigligul | ePraryne | sulstigrutRAd P YWILRHL IGE Q0° W hdidgsHeen

expl & i r@? ng, af ié”c%é’li@la{prﬂ@écgé@. atn lanfodedde
~oligonucleotides of the present invention the Relative
oliimuirptaide et RBA)I dfS gaede YRRl 95 @b hiukd &bt | dnese

ceal I S 0 R A S B -
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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11in Wherein RBA is the total relative binding

affinity, 20 RBA(nodified) is the sumof the relative
whemdiosgsaf finity of the nodified ol i gonucl eot PABENRBRIOB/000151

a length of n nucleotides and RBA(unnodified) is the

smicg‘o td@i@si ative binding affinity of the unnodified

gongc ecﬁltelfg%%gptgﬁ i gonuc:t e&QIJ{eE conlt gcﬁésqg%sjgp%f the

1i gmdicﬂjazﬁi:lctms;arearm attieweed éwat i ve binding affini ty
The tot RBA then e I

(90*df]t®r]mlnl(nﬁ0 eqUeIC qtiuta ttsrhea %eé)tlof;%l t]jil i ot @t
leadBAT & igedquidiciq echmdﬁ@mim afour® tlengtbchéotide to be

nucleti estrandthat 0 caomp ver
ex s i DY it ol e R ey 10,
prefté@bltwe@t reends hasee Fhauic tdwet b d@jlgién@rtd; htal11e
~ sections of co ar abl e Iegqj{q%nre t aken. ]gss q?ai n cach
misnpded (gt IS tR?%.‘ctc“dUht e M?F%’atﬁ’% CTHN he &

sidddrupet thoogstdieth on fostdaithlA degherxelEgr®®, ofherein X is
nodi fi cation of a 35 certain strand A conpared to a

the gpisiaf B (Hus s R T IRBNGA) > RBA(B). For upstream

and JowRstirRAm SRETdORSLi ?iﬁidﬁ%hd:léﬁgzl'(dtoﬁéé )cdMN ementary
val ues rnalyn(t;?fa1 defined an sed. To accommdate the

to PEHNEFRIHDACH NSTIF T RGR @ ectO of'e He PRt ¢i ot of
conttdig M d i £ nucd gatd der & yeiaNing i digedn(Her example

i ntroduced into the RBA value. For instance, the
CCCC@GY&QC(&C & nmodi fi ed nucl eoti de on the donor

ol ] £i0ld d& afl] agendy i ddies M SHBtddhGan Peydigesot ide

t ha that of am)dlfledSnucIeotldethat is | ocated
withatLNp dilrgi aneeP s anarlic] et i s rahle ¥edrRefet tons.

ModJ(r@[% sRélRa}I h%ffmfaglff A e RIESE N | tVENE | APumsBnces.

pt or) In cert ain enbodi nent s,
ExamHﬂ@S?BaATa/al%C@fncifﬁ@ Ct%h@rr PEF BECHECLEE, 0. 1 1 arger

?PCA“ fom @ ccd N @@éé@dﬂfc&’“ccccc, d
cccéd@&&f e&ggEAéa ue of the Donor O@iy ane =9
, Weestein " 6t3nds. £010.25 LNG ®r ®IPPYREgm léle]d @UCleOtlde
tpgg Rgéﬁt‘[ e Aceceptor. RBA
reSldﬁléueiFocranazble%dlagr| ved ronﬁS conven 1?50%%? aér?a yS| s of
ATGGGTBA@WGGZEEGMF,ndBCWQr@EﬁEMMI% ofondre eltdene¢Heotsdep can be
as rml ec r ppdyngm h
deSJn%%% r event S%ZS(EG&&%F% a Z’i\“é/@? hey (:a(%r klxér(é%¥ermvrv1%e%
mod i deeaisan enentaofaie dai f@n@hx:reesd be¢ neemoebar€i ed and
unnodi fie ds ternat [ e
expraddlsf q:a]sn S er en(r:]oe i f%Jé({ﬂween tﬁfi‘@ Rnor
1i gbﬁﬁﬁﬂédﬁﬁﬁéﬂuhtﬁhkrpmbiemmbséfamdqtelmﬁetth are capable of
rement or | cul ati on_using 20 convgn%ogﬂtlcular'

tar@f%"r |4t ecfibjrd%a?’é H9hg the T ot set’ of

protwl €othgesa ror fyced eoabi trat tloe of soat clul a¢paihr andchanism

nmeasurenents.
of the cell

Without being bound by theory, improved binding affinity
is thought to increase the likelihdod that an oligonucleotide
finds and remains bound to its target, thus 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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The donor ol igonucl eotides according to the invention

may contain further nodifications to inprove the
whydpioedisat i on 25 characteristics such that theCHND2NI08/000151

exhibits i,ncreas(gd af finij for the ta trand

oligenikheot hee? car tfaﬂ%ft?%‘e HoRbF ?%‘Cb?bmst 4. I*i”ﬁewas

dep&ONOfi+ 0bh JOREICHEOL t dencan ahsOobegbrrthestmadified to
becone nore resistant against nuc?eases to stabilise

t HeS t4591 e BR Luah @ipfaRaRt Hiey (. EMBdRPTREL i on- of
oli@htdeedNgoods figd dones ohi opmrichepthdesonf thletype,

I nvention can conprise phosphorothi oate nodification
locat e 2BSTRTRET ofS, Tehet iike JROYRF t RErmegpEscef npRpgotides

tha@tafgelﬁc@%f’étéd {eropoi d<9rflof h@l?&bﬂ@@ﬂ@!}@?&é deThlS
Peptide nucl eic acids), bonucl eoti de and ot her

capmlsﬂesty hean nlmn anastipred efabl yn%aléﬁﬁalﬁze%ormﬁblsmg the
bln%%g& zjﬁffi/ni){ ther h‘é’l@é']&’lﬁ’@lﬂ\@e&éf‘&y k& 9OPYCEEOLI Bfergy) )

| accept or strand
betm/mmmﬂmle)@m@qs at 1, parei chparpytiysdf upnd GC

a , h
bind0, D RIS AL TR A L WL eh Bt 1 o he
oll@mokdabm@tmi% hef ot hgopuesent | tevest fepl tleedRdyanive Binding

i d n bpne, i
ner DO PR P ac e e L DRSS, it
exengh yict ed | i mkadf @ hmolghoahdwle bonds. Each subunit of
t he peptide backbone is attached to a nucl eobase (al so

desi gnated "base"), which may be a naturally
occurrimg, non-naturally accurring or nodified base.

PNA oIi orrers bi nd_sequence speci fi ly.to
c R ehentBRY (tegi Hied: I-'&'\Mé){e ‘Si'r%z’rg%\‘ﬁn?ty t han

ei t her DI\IA or RNA. Accordiggly, the resulting PNA/ DNA
or PNA/ RNA dupl exes have higher nelting tenperatures
(Tm. In addition, the Tm of the PNA/ DNA or PNA/ RNA

d S C v, C n
ML R M BT S sl el
RBA peekbbied bf 14 StiRNAsuh so &l sloe o bateve shamding affinity of

che SERUTRLLS SERIAELI A DS, ApCIoBL 3 FMS dcrcotices anc

RBA Qmmﬁ&edhelaom@n@sm of £ it hr@l@tlmdvp@dam@daffinity of

cne IFGEHS, Pled SLELS0A LG T BOU othgon P, Flerqrices.
For Stredmgsl Patamt 10ND. b, <5B9g@t&2c;l@@t1<$esu<e<dnﬂ@ilys 2801996,

t ent f. whi ch d h
nost ESEMLED! Sl WLER 50 LECRIPERER DL IRy o7 1.1

The stoomllmﬂsz& pudoh | eqiha bns RS cE i bel @ hke. Bynt he%@*sl ofD) PNAs

is. wel | _as their properties and uses. See, for
(10@%% tel, Nature, 1993, 365, 490 ; N el sen et

aINotGSCti}eimet;hé&%.flrQﬂ:ﬂaori@ﬁ REZ5 Eghih rprﬂncﬁprle Chem

i ndqIe T, ok 96 s f o il et HS' SLEAG Rac 1

comp¥fed . ]-I*Q&ﬁedéﬁ 2218 ; R@@%ﬂ@lfﬁérenﬁ%‘@ﬂ@@ds are compared
1991, 254, 1497; E hol m et al Chem
it hHdor9hgr 5edstnahdtiy ot reRts afrave JRgnt d#%?nS%% length or

thatl 992 dildn S6J7 . cSblseinl o f LEddrer aodli farah | OLm&t@ftMﬂe RBA

ol i gonucl eotides of the present jnventjon are als

doek iy Bk %u]p@%OA@%awshp%?atr Mot St rAb 7 F r oA éb%c%rouped

togdIASEi gncessELNaNYa Hhgser naeh féedo NUsb@OE1 EL6ion of a
contain an additional substituent that sticks into the

cerin}rs i dvY eh oF PR BAL Aher 8EFANG B b v RD that RBA(A)
> RBAPEPVEr3p BESEr SLACKAAIIb IS hee INASEUPL 8Xs, corresponding

(local) RBA values may be defined and used. To accommodate the
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In further enbodi nents, advantageous results can be
achi eved when, in addition to the nodified

w®@bkiogoemisd eot i des WO 2009/ 002150PCT/ NL2008/ 00ORGIV/NL2008/000151
according to the invention, further dj fi cgér ons are

effegk robuded ot ot g%ufc*r%dt?%f%rq%tméﬁtq%% Af R rr?rghlng

factdr thign obd ganued atddei f1s the megephDie strandi @¥€ance, the
more. Thus it has been found that LNA nodified

effeftt gohuwk | e AT Mgt 40 PhetBe | A0RPT | ot GPReplectide

adiddEANef o GNP SEn{R1PrORY NS NP §é £0c RYA | Ph&H NSF aAGHOA1 fied
propynyl nodified purines inproves the eff|C|encg
€S

nuckﬁoq1q§5ﬁgﬁﬁquxﬁﬂq%ted at a dhetepeerfive nucleoti
remdOfHGH QG dessilt dle 1 vaRd | Odly el abgoche PRdSent

chimeric, i.e. contaln sections of
invert 190 c A nERIHNE X rP&AaofACCGPtor)Thus | n cert ai n

enhodiden etnﬁa%oqr Sganuclgot nfgfﬁ? oJafthéa S AvEN 'l9<5‘nor may be

further cont al ns ot er, ‘optio y non- net hyl at ed
at Jpsi i@dl nkeieot itdes) e A 20 H gt o PRt BT - tHe certain

emboé]: ‘%{%" eé:ﬁé ngA Sva(ﬁ?é S& @hé%&‘ﬂ@f r}ﬁéey né‘é:lﬁsfg‘ast 0.2,

may be advant ageous o prevent t
0.3,oIOg®,nL£tJ%,otOcFe, f&r.ohn tﬁe.uan,g Wer atledl, by- hwck edsed. antarger

thar} r}: CFr %t h].g haz}ls:cecet rt?? ecu?fl}@é 15 Cer% ec%ffj\?ecﬁ:aflrom

it tar ge acc
conwsrboidh raeintesn aolf y  iree qﬁtvtém um:mlith@d noch@iot g dzeffmﬂbytché the

ol i,gonucl eot.i de at i tion em b
nuClneooc}%fclpee’ etahe?) Yot étD YHe m %rreajtir]n%an&g%}ﬁr%ﬁrggmlg
mea sM tdmen ke peetid. tml@ﬂrasrtg]sree])gt etrttepm&rhdoeex@ecttermmhmam Isyn

of the tar ed,. | eoti de .exchange o
mea BT, b T T SRR, T raeHted g i dqt fied
stré)ﬁiy\emadmnmlﬁnotmaaﬁ atarR o st gmiss sddea s atnfee
|ds for t act o ation he,oth nodi fi

i IR DN | %r%%gﬂof 194 i tv%fmt%ﬂe&ed
strancsnvéi:ﬂheﬂ-w\n@ras&aa@torbﬁ hey dtél:&@jsalt[ﬁorprt%ﬁm ed

herer n, such an oligonucleotide can be readil
CONYRI AL hRFTHASE T Lﬁt%tlar&%oﬁh 1 @yset of

nucIHdﬂ&%ﬂH{eSDJCHyfaﬂddﬂﬂﬁhéﬂldmrMg@ﬂﬂ£1@ﬁﬁatﬁxﬁ1a§nd
descri bed herein el sewhere. In certain enbodi nents,

meag e ot i de at the position of the mismatch is not

matid iRthod b1GRIIAIN MR JTBIH So rdmieh fﬂ@aﬂﬁ@mﬂt\ﬁerﬂil(ﬁh may
p05|t| on one nucl eotide away fromto the m smatch

contiigt fpIiE D, m%dlfzrcastl@%rtor HIRT 28R i e AvRKA 41 ot ion

chafat@cé?ﬁéﬁ@lt@sh sudh InLerdipd DO o St s "Dk Fd £8dd ORf Finity
| ocated at a position downstream fromthe m snatch.

for mrbe_e;eta%gqt o i it | St 3 cER T FC3 R Fbetat @fl e gdonor is
prom@aid i ofh IR S IR NM de can also be further

mod izfoioegcé 0t002 1b5eOcF:3C1:nTe/ %Lozroe 83:/ eosoiosltsaln t 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 between the

oligonucleotide and the acceptor strand.
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m smatch. In certain enbodinents, the nodification is
| ocated from 10 bp to 10kB fromthe m snmatch

w@e@beoabl y from 50 to 5000 bp, nore preferabl pCT/ND2N08/000151
100 to 500 fromthe m smatch. The oljgpnucleotides

t hRAT Gk@ hasekly 445 bhbr el 4FY M5t edbt AnpurTe PNAS,

whi@eneral by y@Ycldot £AGt AnbesYEED Qe ABU:RO0deoxyribose
nucl eotides, wth a preference for 11 to 100

backhenent ddsc pregeradl §oridm 15 repbacedoPe preeRFabry
bac%ﬁ 2010 g@%ﬁ“ﬁép@f&éeﬁggkﬂoﬁépf%39059t§@cted_of repeating

. cl eot1 des. n one aspect, _the | nventl on pert al ns to
units nef Mbd (drantreodohy bl get veine t bink¢dntbroagdupnése bonds.

FacttCS8RL % %g%ﬂﬁ%&?ld& LS f&”@%@é@}gf&hf?o dypl ex

accept or ence W th a donor oligonucleotide,
nucldsraia thbsdude ekgaetept Bra BN sedueplc enegynpai asnaturally

irs € nd i chpy
occ e DA SHINER % 2o seP g ELhastbenacotol ookt
oliddreedd Whiomdrsadwgorrctroti tecebhyrisesomp HenanhatpabNA or
conpri.ses at |east. one_m t i r t :
o SO Sl APPRCL AR e bl S0086A | 8ed Doy oy,
the wddu Iteigpe CRNA DNAeof | PNA/RINA daglueree, hane Whgher nmalting

sect.ion of the nor .ol i gonucl.eotide s _podifj ith
temgﬁr?Eﬂﬁﬁso'%nlhgf rﬁﬁéﬁtg%%Stt%%'%%eo%r%%§n§$%?g%xnér
PNA /RNA edipdexas 19 mxqh ebssa degheri degreesait atdnoenyration

to th i rst uence conpar.ed t o, an unnodifi.ed
that, LV o U e AT h e 17 GURET Bt HEon? rof
PNAS hﬁT MB&M@E@SED&*@&;AIES tdhaénaymea chpadideradat acget Bde

ucl eoti de exchange, rein the LNA is position

Sy &3 e FIAS aps J7 Shgronet hcTBBtn te vi s USure/ fho2 and
WO U ANEtEd, the cdieehtwyest iwmidls,atd itSobpondesd fiorain by

generically applicaple to all sorts_of organjsns_ such
refeieifradts, LA nef St BT ahtS; PHRH ?Wi?ﬁg,lﬁ%w%?edr for

exafdigj ,iapd €3] B2 BN $60d oUni dhe $twesd | pacést appl i sabse, 082,
- for the nodification of any type_of 30 DNA, such as
issyen GekY vty F3 30 gt BRI S |9 heth i B rar 1R FPEPQFated

her &Y WP SUESrete] £21 1601 prosoMed t NG, D gade@l t €on, many
chronbsomal DNA, BACs, YACs. The invention can be

sC g F Hrarei R HiGA VEORS JRFFT HR® % Y CHRRLF noentlan as well

as tfeid bidSebrpadesiqf@say . anpl | cabl et OHp 8BS, NBaWel, Nature,
urposes for altering a cell, correctlnf%a mutation b

199Fesi®ratddh t Nigleer ype, al ndRsPee nut 88t on254, 1497;

Eqhd RCtE Vald NGeiady, enzyae, bygeh st upti o9s of kceeing £edhon,
modi fyi ng bioactivity of WO .
Nuc DD/ Aods FaTe NEQD08E 990154, % enieksdy aftaking’ - Am.

Chengg%c%%. {:gé;%ﬁ,jlf@,dﬁé”} ng ggRsaheln by, discpptiag the
1991, 254,1497;Egholm et al., J. Am. Chem. Soc., 1992,114,1895;
and Egholm et al., J Am. Chem. Soc., 1992,114,9677.

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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The invention also relates to the use of
ol i gonucl eoti des essentially as descri bed

wegoeiootied ore, for altering a cell, 5 correctiPQI/NL2008/000151
mutati on by restoration to wild type, inducing

. : . a
accangtiard din Ghraci WA IR ant e By Ht SFaipton HFe
int GRA T O 1 RN o O A VT dyh S c@Na BAZYIRY BYE the
~altering coding Tegion, nodifying a protein by ,
oligfinsraimatriglie Mo ddinpaaspiont it s chveRpeeFs- Thus it has
peert aqu‘%tdnedcl"?altt angl 1Y :0of; dPl dfdaenet &S 18 L& @ing to the
I ncl'udi ng gene mutation, targeted gene repair and gene
invekrdeckowhich furlifer mammy ore fQr threePyRs dredi fiekipyrinidine
Q j Si.n or e, ol i eqf i f ;
<o FETE SRR, HodTe, i pontel o fose2s eldpefbsency or
TNE prigirei fniscdrtaty .ar e capabl e of i nducing 15 targeted
agenpesi s and in rti.c r T
TS R s A er sttt Sle R ERPER L A5 pe
madaTaitamed i gbtiaieneddnt dire swtthiochofof heNjr eR¥ht LNA, PNA or
i.nvention, to.cells and organi sns that conprise the
com E%ﬁ%ﬁfgﬁﬁﬁﬁ%o material, to plants or plant parts
t tusyr & rs cettaimethblifien toe) i thes yobfgdecleotide of the

. |, I id b i : :
P ORI Y% deh T qUcks (HY &r: Ehpaararey L Eled,

modidelddetidig®itdwsr. to the nucl eus or the cytoplasm In

vitro testing of the method of the present. inventjon.

cant E(?rgaﬁrb\?é% H}ﬁ-?ttsﬂe $ IO]FJI‘%%IP ¢QHide 15 resistant
agaidgscridetbdsas . iThi2d MOP WS 7Advan VPS602 7265prevent the

- W99/ 58702, W01/ 92512. The invention is, in i{s

oL gRTYHRRT ¥4t AT IS TR i phseeet gnd entdrges
the dHEdNE B Cle dHFLQBIgorRudLESt i@ Byn T EEL@r Bt $ Obarget

to wild type, inducing a nutation, inactivating an
(accapffre MLAFSYUpti on of coding region, nodifying

bigactd Middh Bm3BEEZ Ve e & hesh o pdig Hegieftide in

modi fying a protein by disrupting the codjing region.
the el JONEPkG I 8 - ridlatResS ol eheChiskhgfmismatch can be

mod 0 1 GPNupl &atd desr assenth @l hysRst 88S€ah DBE modified will
erel nbefore, for altering a cell, correcting a

+ depend di¢ oh WArFestEreRt oin tiehai $EREY pReChARLET Yt athhe targeted

nucTBE AL dONx dacdd Vet | B @fe eAEY s bynAll 8EPPI F ORe Ohanism using
codi ng region,” nodi fying bioactivity of an enzyne b

the ali®fergneodim@ Feip by PoEVegRngha peoeE| Angyacceptor
str%%%%y8%%%%ﬁ%%§ﬂﬁf§%%%§%%%ﬁ@€’exgg% 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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m smatch repair, targeted alteration of (plant)genetic
material, including gene nutation, targeted gene
wo epaio21and gene knockout The invention furthePCT/NL2008/800151
to kits, conprising one or 5 nore oligonucleotides as
miset¢hedl herer ta B sPRE BBt i oHae IOFhE torbt At + ontocated

froer(g] of &1 1\§ri Net oM en&aRpbh £ Of, | HEWied PPt Ar 8868d50 to

fagenesis and in particular that are capable of TNE
SOOOFHEP;I ryerng i ore ferahby feomt Be0 tieo Rl f @M geletpEsmatceh.

materi o rgoé’&?éfbe e d hﬁné‘@tﬂp@ Wed Nes RISSEAE can vary in

i nventio to cell's and organi sns t hat corrprl se the
1engmd|1¢m1edgegre¢m1by mea ey i 'am l@@gm dmelswern pl Anangap@Q

ekl 07, 59 0P £ Peforpnes s v ! ehet e Lo

pre@amdahﬂlyip&rm nbﬁltfcp e%olmgmt&t@fﬁx@l@lsyofr@hew nvent ¢ grost
pre%ea_ﬁ}% V:gror?oﬁo heg bé(? Q&C{e(?{fcﬁgglce in plants. In 15

he i hventi on’r es to plants that have
bern qriovd ekt tthe esmseratrw aue testnherdi zimgeshod nfor the

rticular sulfonylure e
tar%h eo‘# s%h?ﬁ%%orén# gy ‘ﬁ%sa eaccegt&?'h%%n%% Ton ’
Omﬁ]ﬂf.‘fﬂ% %@h}@ireim_t; Otlee n?ﬁﬂmbeixfmwmbmea&ﬁﬁngsd&@mg@edwith a
nucl epti de exchange icie
Qon RS RO LI T & T HE ST el o1 (AJELBY o g dh R SShuence
contﬁéibrg@(rjﬁmffﬁét dlﬂ\l]@?ii@djlhémcﬂ@ &n dl oares ec bt DA sa@aéamee ofhich
ybri di zj to a_fjrst S nce of said,dupl ex
is GheretmPseer dorhi W2 ofbff Eeﬁﬁ-&l(??q%‘?mf%ag?do‘ﬁ}gerein the
don@iS@Pi§$hﬂwlébﬁ£@@e@®mp@1é@@ ild@mafﬁwtbaﬂueﬂmprlaﬁﬁ at
(i) | east one, nodi fi ed nucl eot Vi n
lea$‘hc?%%ls‘%3ds%t%hn"ﬂjr% AL ALAS i ﬁa?b u%€%¥e%%?%@t?ﬁeDNA
seqébStanes @@t&@@@réﬁ}dpﬂ@ﬂéféﬁﬂynMﬁ&EOiéﬁﬁe@ﬂdtsatHe first
m smatch to about 8 or fewer nucleoti des and (c)

DNA  ge@9@R¢hig 3 of hebfir %o%‘?%l%l?%roﬁs%h?n ?3PHet ed

ol1@%5%@5%6&@@@X§56ﬂ9§1ff@ﬁSwﬂ?ﬁhQﬂ 1SaHasele onNAhgnd at least
observations that the limtations given in the prior

one gpYORYHRY BOtePenBF I goRieE edt i B, S¥PESSE he REFURF e%ﬁfee of

affl@?ﬁ the dhstapest bsinesdqtbe- sombshe@ntot &8 unmodified
ol |gonucl eotide nmust e at |least 8 nucleotides is not a

nuclequl deneht tloit tPesbFi-gonie| Boti AbkIdruehechtdgentn the
preé?ﬂ@gtégnpr§§ef§§ aBeghfromthe appendgd:eyanptesotide

i gonucl eoti des that contain one or nore nodified
exchacgeot videse 85 the Hbhelafpeibhened arNEatﬁaﬁt@ﬁ%e of at

lea%@n?ﬁéfﬁ&é}@&fﬂ@@”&lsgéLgfs the midhgtéRvention
er re

ates to an oligonucleotide for targeted
al Tlee atoenioiom Hepl BX DNA Pupedesh Sefm, ggnerically

appflggéggz%gog¥I/g%gpgségoggé&nlsms such as humans, animals,

plants, fish, reptiles, insects, fungi, bacteria and so on. The
invention is applicable for the modification of any type of
DNA, such as DNA derived from genomic DNA, linear DNA, |
artificial chromosomes, nuclear chromosomal DNA, organelle
chromosomal DNA, BACs, YACs. The invention can be performed in
vivo as well as ex vivo. \

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 bicactivity of
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ol i gonucl eoti de conprises a domain that is capabl e of
hybridizing to a first DNA sequence of said duplex and
W@ 200d/0easmi N conpri ses: (a) at | east one m sSnEPCHNRBRWB/000151

respect to the first DNA sequence; (b)_ at |east one,
an e ohigre Ginty rAINg G iGhe TR FY P MIAEOTFHR PY

ais A NG ahd N gaseddyinding affinity, wherein said
o rﬁﬁlfq%ed nucl eof}i?gge eitblsl a LNA or a propyne nodified .
ndhlee gmivia t(imn ddsier insdd s din Wdisaififere ahg@yrleotides

C i p : y (.1i onesk at, 1
esseﬁﬁdcj]%elg@ijdgeésg%r om skgelq% }%ersérrlg} ch. Ién' cert Zéi n enb%(%j arre%?_s
corndw i1 Sedtutartsi oy i angd iorn oy & odli fyre)y inducing a
cl eot.i des . . ' gg@ug | v t LNA
mutagnl‘i o plrngapc)écnlz\%%glgff?aé{d Q%u I eo?%l edlaifl%&%?g% %(Z? el n
regigirsewheti€ yilny derdaaiti vertyodi et ssnaymee INA dstering coding

.positio at | east .0 Q r 8. :
reoilfE) HPiocte st Ui i ¥ dPEGd I dagingreaion
misni dtherapedidf,i ech ryedesbtdldeeriast iposidf ofelhrat) grostt 8-

nucl.eot.ides fromsaid msmatch. In certai :
mat e s r}éhci%su,gjtrf?e 9B f1Ed r£ﬁluocr} ’eoftalLr eetf(esaap%(esrll? i‘ored Iétand
gendm&iodkauicl eoti des fromsaid msmatch. In certain

enpodi.nents,. th i fied.nycleqtide ., s positioned at

rrgg"te &Wﬁa%el&fi %élsr e&mrseajnagferﬁ %r?aﬂ%ﬁc.s’l nCertain 20 ¢ °F
moreerqujdmrmlseoﬂmm fdesfd et Iheatd ide d lssqpdsdtd ongek &tnally
, nost, 2 nucl eotides framsaid msmatch. .Inh certai .
in RIS ¥ iHe RAG GOl Bt & T ot Gorti s HAY
tardeﬁte@gmalmae;@fm%ﬁ;éorardi Ziin;q:atxij;diﬂafﬂ rts;amé;membeLNAs off TNE.

t he dupl ex, wherein sai onmai n _conprj.ses . .

Fden emvs e 2 9&h TGt sTudcedtticde ?%F‘P%Adr%eﬁcﬁoﬂe&etlc material
obtIHd R Wy AL xERNGE Ff theduptevedINA nwher e, Sted dcells and

ol i gonucl eoti de conpri ses a nmodi fied nucl eoti de;

a
orgagidly) dah AR SA (S é@éﬂé)&l% RN DSy t°
plarfuplax Mt Wrerel nrsal drwdid iqstnuedeotide is

posi ti oned about 1 nucl eotide away from said m smatch.

3G hesiediipiaroh off Hhife Rilgipraicleotide carpihg,aehieved via

ele RNIBLH G JiERI e HAt | Qhwin et et e aadd dendd are
exchange. An acceptor dupl ex DNA strand contai ni ng

a
capai@ ot idfel ivRiring idhse SR IHgUT LChridigHiY FoRAS™-

In v&%@@eé’ﬂfr{b & - NA AR (G5 PP WNR %yfééﬁrgi nenv@h fdedcan be
donor ol igonucleotide WO 2009/002150PCT/ NL2008/ 000151
achifestsebmatiinenl ihe diaden Bee NNNSTOINAANIHNIgFggibed 1.a. 1n

WOO 1SR N1 R e I LoD 1B R, | Negi 1 psh41) . The

acceptor/donor structure is subjected to or br.ougrg#

i Mhe dorveadtion tirs ,an rerds egthaftoriy, caprbl@afe for

T | €25t M d Y lns thadr L& Gapabligy Ot fon b
manypggﬁrgj;ornsaé}lsg %,algu%%r%%afdeé@nbﬁras the cell-free n' Y
restenamemiba wieldrtyeelinduaanea muctali{swe jipactivating an

enz%g%fsdaogrup%oo]r{ 70@0&)ding region, modifying biocactivity 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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Figure 2: Chem cal structures of

5- propynyl -deoxyuracil, 5-propynyl -deoxycyt osi ne,
WQ@200D0a450 7- pr opynyl- 7- deaza- adenosi ne 10 and PEENL2008/000151

2' deoxy- 7- propynyl - deaza- guanosi ne and | ocked nucl ei c

mismadiads repair, Riagigedest addquaridenamd] yidlant) e s

P186/ 1 ifi :in h & resiest ;
e o B N B HLal” PR Bt oducks eor e 5 o nd ™
geneséqueerkeed i n this instance. 15 Exanpl es Exanple 1: TNE

in e . | .f.ree i clieotyi: 1Ny
DoIe S0l UL doagnucleplides SO one or
morecé@’ihjgmﬁm%e@uﬂwse@fs weerfa gt dieasdah felemawhddd nkoptionally

) i ot.ech,. neLink or. Ri_ho . i t] :

0 9ﬁﬁ§llﬁ%ﬁ%§ 8Fhé%Fﬁ%ﬂ%?fgbgﬁﬁgiéé%ﬁ3§§£§%$§‘%ﬁ$§F%&&§ J
tardeten Dutegenteed.s Hrel sieqerendessudfan Hdadl igenusredtlicdest TNE.

used are shown i Tabl ...Th I i, ' :

ol Phaere s Tefdek delvb ey o it e Mererial
obtatihﬁgi egNtthien segdives cfonfrer rdmegsdidat Hrkvemenyaoi n tandcells and

carbenicillin resistance. Pl.asm d Kn¥22st op .has. TAT
organg SfRG tatqog}?rdtsecgt&lgn “@?lneoﬁﬁg egcr%é:rrynga}tne ! 'I%no
planlét[ﬁ?5 @Mﬁﬁgg%grltﬂa;e tghaitr dmudceatitda refd .t he Y22 codon

was el eted to .produce a.fra hift. In th

DI 9 SRS Ao (ORE= TS Hedn tutdled'SE Anare TNE
meth%’iﬂt 'tﬁ.lsgi%fij tﬂk@-LN@;aﬁmd Epfdﬁ}gié}ntddggfdrwlc@ﬂtddiﬂmﬂaﬁbtﬁ&ies of

ested for its efficiency . to produce nucleotide
the GRFSITIRN Gifs RO 8 TR T G S B orF W Gh et gHGnEs - o
partii(A25t G eOr iR d6n nesiReEd W Yl a3t Ko HAGAHa AEB LA

TTC GEC TAT GAC TGG GCA CAA CAG WO, , ,
PTOVAGSY) 0BAT5CHNEITB/ AT S 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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ER L F GY DWA QQ Kn¥22stop GAG AGG CTA TTC GGC TAG
GAC TGG GCA CAA CAG ERL F G* Kn¥224GAG AGG CTA TTC G&C
WA 2008MQ15GG GCA CAA CAG 5ER LF G The rel evant PGEYLZN08/@00151
~of the kananycin ORF and the am no acids encoded are
olighowmleTthiedss i FRIIRE hiRT edbtdQiea kubshat ut§ offRAL /ePEt i on

hyb SOAHG top, codah (JhGRien €sd 1 rQEbiced Asd19a;
Y prcgl\%ﬁou(js]%/@dgescrlﬁgd (Sasvvanoe%%e\z:\?f 52%%% Nucl ei c&z%i%%ld
domeHgs.cAPreys): Mhe slequrrriesonsd mhenaf¢lyontieh eeesrrct to the

: ' erj . . ol i i d
i BB ROPLIE S, MESI T8 0 Sapvelgoigde.
lea<Geldnd mesdasay snucleotCedd Hawngszaytnoesas ¢@rh brdbeg

as. follagws, Flo ¥ ' i S: [4
az 2tohy o e ) ik O LOTLE TP ERR i R o 2
propyrie agedi. f 200plupreatteide | 6ot adéorr Pudd drefQDm\e boewhere,

HEPES pH/7.5. .5 Cl .5 C 0] 1T, 0 /
eno TS AL g ol QMM oo dOUMERT, a0 0
nuc Mast i d ef wsh bya cenrsiiatgai i ain ateﬂ’d&irRW@diI@@im nshe
sec P P S P B RIS pfrectec
inde(;i\@{ml d]aj Prabesmorgey) .a ANS drypizapropphatnonified
resulted in, a praot ! trati f [ I
nuC LGS 25 TS CHTEd R ot | S ehnt al hedb T et o 7
embcflwzég\éﬂﬂglmomlpm Feni|§_.pd.$)g:' f}%r@édiﬂeﬁ:lt[l[@aiﬁ(lﬁﬁéslb@ip oot more
, . of o tide, 30 | pl .
char et oA ok 58 Her bl RSt oh Bk mencs.

the Qi £RSe | itk Db d©7 ddN Xs (T8 Blogemcat Gavipt €8 enucleotides
EDTA-free protease inhibitor cocktail tablets, Roche

from sajfbdti WGt CIEOpn 5e et i (BRI HRRE Fon B 1Pt atoiv
nucléd i i S, p SO0 NIEL: oM [F Tau &1 ot gper At ¢th N€aid
~_50mM ATP,” 2nM each CTP,  GIP, UTP, 0.1nM each dNTPs and .
mismara NAD) FREled U TBPRC TR S vot Rremef L ApRp 1Rt Rot 1de is
pos¥eiSied The Mt uf e V@B 361 ddE UbpbR s 1 d I eh@tcl. hin certain

The plasm d DNA was then isol ated as fol | ows. 100pl
embePinepiss addetl 1o vhked raaet R €9 Jr%cﬁ"é%%’%l?%%dv%{)u%“ 2

nucidoyed pY.R00p14 ah kahd ten buif ex e phenohpd@tiBedOs, the
WO 2009/ 002150PCT/ NL2008/ 000151
oligonucleotide comprises domain that is capable of hybridizing

to the first DNA sequence of the duplex, wherein said domain
comprises 2 LNAs. Furthermore, 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 sfrand of said duplex DNA, wherein
said modified nucleotide is positioned about 1 nucleotide away

from said mismatch.

Description of the Figures

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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This was vortexed briefly and then centrifuged and 13k
rpmfor 3 mns. The upper aqueous phase was

W e@n®dBrred to a new tube and 200pl chl or of or PCTAE2008/000151
then added. This was vortexed briefly, spuyn at 13k rpm

(schegatd anlly aid he adlBbiSNpRES &Y P arenéiiad "o e
nucl\r}ég\"&itdébeco e iPNA masy p{]&e)c.' prat £y fddddON Hfrtiure is

ume 2-propanol and the pellet resuspended in TE. To
subjeldtreichdtce canyp Tt gl i 1 tedl @ igbHu ol €6t i afe AHEL TRpNSRs that
] aqd quer ' R i1 Gt d Qi (60! AL ah thpable of
s c%%zazorrll%d%ﬁb&r% fjgtrzg&lnnla t?n%a%gv%ne of 30pl. 2p1 éﬁpa ©°
per fulmasimiol TNNA wasshelasctasp derevad a Wep Icalol of r THIOB yme

. (1 nvi tragen) elect oqgﬁn‘g Nt &84 S5 Alded /58702
lete réectorrop?grcg]‘llont?%eg e séﬁlegrseé:alll'ov\ieﬁs to /recove'r in
woo1saGatedi.um for | hr at 37C. After this period kananycin

added tao.a_concentrati.on of t .
m@ﬁg‘ﬁﬁ% 'a;&ggn\‘locra a2 FTUrtHer 3 hog%%g%%ﬁw d¥ofiflidein,
5-pRIBEVICRHALIt Bfifric] encyDawmsy Catmtd@tredl 16-dyaza-adenosine
count i,rg% t he nunber of _Cé)' oni es obt ai ned fC§ thm d0-4 1eic
and Fhe 0.9 YU R R Y Hed /A 2t TEHE St ot Bt atSd But™ &
acidgarbenicillin containing medium The TNE effici ency

was cal cul ated by dividi.ng the nunber_of cjn

r Edigeent3 ic &e&ﬂ%g:eo)ﬁptarﬂe‘/gstlo?t At rﬁﬂ?oel}L%fPHtaa?%efdorCr%ian
ampf%%ﬂéﬁ(¥¥dﬂﬂﬁgfﬁiéfdgnfégﬁiﬂﬁﬁﬁﬂtéﬁaég)ééﬂi&ﬂ“lﬂdi&iﬁual PCR

resistant colonies. Results Cell free experinents
prodisitfy Wwane Zshaslr DR Irhes et TERY Huch bt i Heztance.

i ncorporated in the oligonucl eotides shown in table 1

are as foll ows. Met hyl phosphonates (MP) are

non-ionic nucleic acid analEgampheésh contai n nucl ease

resi stant nethy| phosphonate | inkages jnstead of the

néﬁﬁ%ﬁi%/%ka%&}ﬁﬂ;éhﬁﬁﬁ?iiﬂ Sharged 30

phosphodi est er bonds. They have been extensively used

in _antisense approaches in ma lian cells. ., ., . C5

n&m%%&e@ﬁ%%%iwwcnﬁa%@ﬁ e gy A Hes . DNA
nuc KWWHd O F UdREIH L SEab | enshtdd £xpsrd hardieddd from Trilink

correspondi ng pyrinm dine derivatives, For exa

le,. .
Biotwmst iqarglo fors-fhéé%%ﬁsk3501219%1&)9(1;/%%%%?%%“31“1“@'

ot hd PRy e d1as; PRSI Shown,d £ | fieF Eassed her I byrdgéitec.
per substitution. Synthesis of 5-(1-propynyl)-2'-

deoxyuri di ne (pdU) and 5-(1-propynyl)-2'-deoxycytidi ne
(F’H@ se\ﬁgeg'&%%/ W%@fﬂ&%f@@ﬂc@s 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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has denonstrated that both substitutions enhance
dupl ex stability. Substitution of nethyl with
wa2ppomise at the C5 position of pyrimdines aP¢DNBE2008/000151
better stacking of the bases since the propyne group
is planar with reBpect tofthe®5 héterBeyclic Base? AtQ
t hen SR L B EAPYRR I Brdic Ryt aplrebi¢c tdan @A hydc
and this property Tontributes further to an i Ncrease
|n bi ndi ng. Dapl ek bikdi ng i sGenh&inced by 1.7C per pdU
per, n [
are % anal %}gg%%@ %ﬁfq%@gﬂgse%l%& |g§t?(tetr§3él‘§gée}}j]ge€AG
a nor phol i no koi eRy almd phosphor oani date i ntersubunit
| i nkages are used instead of phosphodi ester bonds.
They are used extensively for gene knockout studies in
The zeblavash ¢$Epnests, of/oth8Okan@@usin THRY hadethesembeenacids
c t r o 0
enc%re%uég%rgﬁ 1§Q%L%C lg Aégi$8t§%%osgy£@f£uglg£ Qh@
delé&rmnf@ﬁbd@@ﬁﬂgsnlstmﬁybéﬂanBEHGBSQB)were 1ntrQ@cked as

oroIS\SH§ FELECIRR: Hend EELaBe R0 DfuBYpHETgEL a8 e 2.

e78BﬁOﬁh§6§éhuéh@@§ ef wahe dBB@QHﬁhE@@tf@@ﬂWﬂed455 456€)
| mani s and {o WO kers é i ba,et, al 1998

and b
XD P O LareT 361164011 Ei04) 190" spe PInding region is

und €O REABGH Ot | Vari@ey¢iet@RE nucl eoti de derivati ves.
They contain a nethylene 2'-0O, 4'-C |inkage that
reduces the conformational flexibility and confers a
RNA-1i ke C3'-endo conformation to the sugar noiety of
the nucleotide (Petersen et al. 2002, J. Am Chem Soc.
1RelEofmeegm3§ayshi s greatly enhances 25 the affinity

t ovay dsg DNA 1 88 984 Syd APV AGrldl of s afbpiwgnuﬂ@@éf dsuds

by 4-9C per introduced LNA nononer conpare
fromynfalb { demds daptexbsaperedtyne Qob10) meaeo@%lesterd and

groér? )undéptﬂ@@%;\pp Uﬂodr&f';é‘%@&i’n f§6f‘§tﬂ>ﬁsbuffer \L2om!

at egi es and lications. Marce
HEPR®rikil7 Bas| B7M pigC B3OL - F0M 359G 12, THOMM dIIdHt i 105 ofv /&)

oi 80
sLy ool oat T 8 TP e A el I RS eBPLSoFEs
pelletfed nby\n ténconpedznt am ya DN k v veer dBJQ)I Bkes bedweks
al.- LNA and t WE
sup el e e et 800 af a0 o i P fgEe f, Spupéibtarion was
meaﬂ@u@ﬂeusim@nﬂMd N»MOOBﬁn@MeKib {Mel eciher eBsedebi ndnnp. A
n|t ot h thes téﬁ“&

ff f have b
typ?ﬁ%*ob% }%g LAt TSRNsE pr&bgﬁgseséo 6§£o§§9¥@t£8m of

appﬁﬁ&&M@ﬂéﬂﬁOP€NM®MQD08M&QOi5llofr@®nneéebioﬂesc@ﬁﬂaxee& the
et al. 2002, Nuc. Acids. Res, 30, 1911-1918; Frieden
£0l kWY monmt—:s ABRGSP FeEmi g DNE 3E8E37950p or Kmy224),

100%%C%fngfl ?ﬁéo%%ﬁgl %g;et tal plante?t%teln, 4pl sheared

or o- 0X acrl nD ecul’e at er end
salmwmh$pBIMeD&hqUém@épthethepgmﬁ¢a$q 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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5tointercalate efficiently into a double helix. This
intercal ator thus increases hybrid stability by
w@e@gieiing addi ti onal binding energy. Acridi nePCENEL®S8/000151

_oligonucl eoti des have been used in application ere
This yreased steshianisf o 419 gté}ﬁMCeedtﬁrdleﬂlﬁﬁd{iacﬁigk rpm for
3 midUCite IR I Rfud hahee Wl afraklk @i ganucd eotidle tube
3" termnus also protects the oligonucl eotide from

and @Wm@d%md@tq dimen addephe Thismives duaiigred briefly,
spurﬁ'aq:d'l@c Lot %C? ne nlid R el ‘%Icﬁ.}e%%sﬂ;ﬁ@éé tYransferred to

etween AT and G C base pair sta due to the
a neforves-ofhef DA addi tHirsalp ifadrash &y tigriet 0.7 volume

2-pr%'ga9fotietamd %%C{?%%ﬂedcesfeéf%rﬁﬁed?i—rp-ﬂe. IO N1 A& any
resistant to a variety of ribo- and deoxyribonucl eases
co-parrd falesb ofldrgamorleodtigy &gy INAdgvag thp st Brfehtargiagen

PCR _qu%i‘iﬁ%%%lgn gggu%{nf 'an]d t%ez%l%sénié)'D’%\IAT*elQPced 42 alfinal
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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0> 0> | 0> T*0> | 0> 1 0>1 0.25 Mdification,
position GLION p-D-LNA, 11, 13 p-D-LNA 1, 3, 5, 7, 9,

waooa®isds, 17, 19, 21, 23 p-D-LNA, 2, 4, 6, BCT/N02008p00151
has]égmgggtgggegoﬁhgg’bgéhpégﬁéﬁfkuggéng4énhance duplex
stability. Substitution 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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ST "Ol ' NdNa-c-d a-L-LNA, 11, 13 a-L-LNA, 10, 11, 13,
16, 17 p-D-glycyl-am no LNA, 10,; p-DLNA, 14
w@2@m9acasant yl - am no LNA 10 pD- LNA, 14 PCT/NL2008/000151
N%thylphosphonate 3, 4, 20, 21, 22, 23
SERE: (i T Y fa@r%ck eet 721112007, Ngc- s4crdsg.Res-

1911081 8, 5 ls e fon 23 £F. SEENCRuc. Acids Res. 31, 6365-6372).
t gt geccagt cst agecgaat age t gt gcccagt C2Tagecgaat age

TP RTAG BT AdaGnd Gl ety Te@ Aglr@itt agacridine
molé&ﬂﬂ§Qﬁ?%ﬂ%%épQ§Q§Qngﬁthln 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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WO 2009/002150 PCT/NL2008/000151

All oligonucleotides shared the same sequence and were designed
to convert the stop codon (TAG) at Y22 of the kanamycin ORF
into TAC (tyrosine) by TNE. The mismatch nucleotide is
underlined. Lowercase letters represent unmodified DNA while
uppercase letters represent modified nucleotides (base, sugar
or phosphate backbone modifications or combinations thereof)
and their position in the oligonucleotide. The modified
nucleotides included in each oligonucleotide are stated. The
TNE efficiency of each oligonucleotide is expressed as the fold
increase (or decrease) of TNE compared with the TNE efficiency
of the DNA only oligonucleotide (oligonucleotide 1). At least 4
replicates with each oligonucleotide were performed and each
series of experiments also included multiple replicates of
oligo 1 as a reference. To distinguish between different types
of modified nucleotides located on the same oligonucleotide,
one type of modified oligonucleotide is shown in bold (e.g
oligonucleotides 9, 10, 21 & 22). pdC, 5-(l-propynyl)-2'-
deoxycytidine; pdU, 5-(l-propynyl)-2’-deoxyuridine; LNA, locked
nucleic acid; MP, methylphosphonate linkages; 5Me-dC, 5-methyl-
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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due to the addition of extra groups to the LNA
nucl eotide that can provide additional DNA

Cell free experiments using KmY22A

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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o QRIH KA THE LR F S 017 Gomict eot T He! TesY gns
were also tested for their ability to insert a single
nucl eoti de and restore the functionality of the
kananycin ORF in plasm d KnY22 (see table WO
2009/ 002150PCT/ NL2008/ 000151 2). Using the unnodified
DNA ol i gonucl eotide, we found that its ability to
i ntroduce insertions via TNE was approxi mately 5 fold
lower than its ability to produce substitutions. Wen
we tested oligonucleotides 5 19 and 20, contai ning
LNA and/ or 05- 5 propyne pyrimdine nucl eotides for
their ability to introduce insertions, in contrast to
our data on substitutions, these nodified
ol i gonucl eoti des did not enhance the efficiency above
that obtained with the unnodified oligonucleotide
(oligonucl eotide 1). However, a synergistic increase
in 10 nucleotide insertion efficiency was obtai ned
when ol i gonucl eotides 21 or 22 were used. This
denonstrated that both LNA and C5-propyne pyrim di nes
are preferably both present on the sane
ol i gonucl eoti de to enhance the efficiency of TNE
whereby a nucleotide is inserted into the target.
Furthernore, 15 the difference in efficiency seen
bet ween ol i gonucl eotide 20 and ol i gonucl eoti de 21
i ndi cates that the nunber of C5-propyne pyrimdine
nucl eotides in the oligonucleotide nay be maxim zed to
obtain a optiml nucleotide insertion efficiency.
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Sequence tgtgcccagt cgt agccgaat agc
t gt gcccagTcgt Agccgaat agc t gt gcccagt CgEagccgaat agc

WQRNgoTam UOgUagCCgaalagC t gt gcccagTCgUAgccgaarGyNL2008/000151
UgUgCCCagTCgUAgCCgaalUagC A i gonucl eotide i--1 if) 61
z Tz 2z # C CES

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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ml, filtered over Whatman paper and filter-sterilized. The
Petri dishes are sealed and incubated overnight in the dark at
25°C without movement to digest the cell walls.

Next morning, the protoplast suspension is passed through
500 pym and 100 um sieves into 250 ml Erlenmeyer flasks, mixed
with an equal volume of KCl wash medium, and centrifuged in 50
ml tubes at 85 x g for 10 min. KC1l wash medium consisted of 2.0
g CaCl,.2H,0 per liter and a sufficient quantity of KCl to bring
the osmolality to 540 mOsm.kg™'.

The centrifugation step is repeéted twice, first with the
protoplasts resuspended in MLm wash medium, which is the macro-

nutrients of MS medium (Murashige, T. and Skoog, F.,
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plan tCi lesedefojrstpa!n nttoc@_oErb usage in order to enhance

Its transtation efficiency in plant cells. The
sdaquende efxdntpd e oddre auidATirzerh tGodA et ion WY stem is

explZO. 9/ 0%150P%CT/ N!lF2008/ Oo%l‘ltél& ] 1 , .

inde@Autation due to the action of oligonucleotides. To this
end,-&mgg%gﬂa% a-|;7e beecr;’lA-E:CJ:fTegt ed /_}:Tha Texp%Gqurlr%

bactEHAEIACHACAAGECTIGIOHAT GEMNA GBASEAGIHEIT AT AGIBAEE 1 um-
e R PO ORI ARCT GRGACT G RSN EC AT RN GG 755+

761, T ransformed plants have been tested for the correct
TCGA TCGAAAGAT GAGAGAAAGCCCTCTTCTTACTCACGATGATG
resprogm/AOmAL -FC, and were maintained as in vitro shoot

| cult%ér%%%%%T%@W%TWﬁ%ﬁﬁU CAHISTFRA

ver SATET GRCTGAT GORERCTETRACEGC HEETAAGRCTATGETCHAGIGRAGCABG ni zed

for A Tt AR o ST T SRR AT %

ef fiCIAMCGGAB plant cells. The sequence of the codon-optimized
GCCTCT.TCTTGAAGAGGECTCTTAGGCT TCGGAGCTGATGT TGT TGGAGCTATCC

COTRARET I

AGTTCACTAGGGAATACGGAGI TGAGTCTCTTCACAAGACTTTCGCTCTTGCTC
AGAAGTACG
ATAGCCTTATCGATGI TCACT GCGAT@AGAT CGATGATGAGCAGT CAAGATTCG
TTGAGACTG
TGGCTGCCTCTTGCTCATCATGAAGGAAT GCGGAGCTAGAGT TACTGCTTCTCACA
CTACTGCTA
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charge and 800 gF capacitance with a recovery tine
bet ween pul se and cultivation of 10 m nutes. For each
webk@enoxpor ati on ca. 1-2 gg oligonucl eoti de arBCT/NEZD08/000151

T

TTTEeGEAGAUPORACTUOAGGRAGGRARGATIE COGATAFCaalrsSCICAGRICECEAGTGATGC

T L T T

ACAgESATCTEﬁéghtgggTUBGAGm@cm@G@cn@dc@a&mTCGAACCAGWCEG@AACTCTTT
TCCR SRR T b OARGA RGO RFEBEACABA SRS T hy TEQ G4 TORGG N T TS5 CARGCARA

GGGUTHNBZERA AT AAGTbecAEATOsathACERhaTRCAOLATRGGROGACTCATGTGG

ATGTQTCTG§§§CT&§§§?%A9T§QF¢F?AQQGSFBFHETFGAﬁEF@ﬁAﬁﬁéGGA%GTCGCGC

CGTM@Aﬂ@@ﬁT@T@@ﬂGMﬁtéﬁ@G@TTTétc@@ﬂAB@GbGXﬁ@ﬁ@ﬁ@TCé@ﬁtCC@AACGGAG
Bot. 38: 138-40, 1951), 2% mﬂv% sSucr ose,

AGGCREPhT RAT eARCACEt TeT BRt @CT”iGé‘rﬁ GB@ﬁi’y'"ﬁ%iﬁﬁﬁéE FRARECGRGACTTCG

AGT@CHG@QGGGXAﬁﬁc@@H@TT@AGT@T@TT@QCAR@A@@@@&@&T&YTE@T@A@AAGTACG
roto asts resusp ended

' ATA@@@TEA%C%E@EW%QEG@ﬁg"ﬁGW edGHL 5ﬁT§ﬁG€GGECAﬂﬁﬁ@%GH’GAGACTG
TGG@T@@%@%T@@T@ATéA@&@ﬁ@@i%@@é@Aé@@h&ﬁb%Tﬂ@g&@@ﬁ@@é&éA@TACTGCTA

arose In To cul ture nedium kept |
TGC%@T6@T&QB&@GGhG@T%&@%@Bﬁ@HAQ@CQEEECGﬁﬁETCﬁTABﬁQTGFﬁ@GGTATCAA

cTTé@%@@@@Aﬂ@Cé?Gﬁ@@%éﬂA@AP@&%@@TTBAéGéAﬁEﬁ@ HOhS T R&@gTAAGAG
Petri di shes. The di shes are sea |ncu te

GAG@@GQET?@@T%Q@$?QAAG@M@AB@@TTﬁﬂﬁTCﬁGGﬁéTQAAWGTGTGCTTCGGACACGA
TGAf@%?fT@GAPC@@¥§GT£@ GA&C&E gkggéfgcﬁgﬁﬁgﬁ?ggéTATGGG

flumis cut 1nto |es

ACTT@éﬂ@T@T@@@Ak@ﬂHAE@@GK%A@GGHCéﬁégcéA@GAE@@B@TﬁAh@C??AECACTCA '

CCA?%%?& #%g#AST%fi?ﬁ?bg@gAéﬁkﬁiﬁﬁéegggr88%§§3§E§£2g5g§GCTAACCT

TATQBEHQT?GETSCHGEGE@ﬂG@ﬁmmcGAQGCTBBTA©63$BGEEGT?QCBGTﬁgGGTACTC
T e g A AL TR e, e ang ohe G Ehe TRE AL Bac Treacca
GCCﬂGAahﬂESkDDgNOF25]PhyS|oIogla Pl antarum 15: 473-497,
19 2) Oglqg %gOPQ%/NLQSOSIOOO 51 one_tenth of 1

mr BACERT rAET on Vi (o S Actor tithgofyce @ single

basébpsiran@sa!ﬁﬂ@meas @E@®@ﬂti&@rﬁh tle BNdefiHof the Coda
Bot , 138-40, 1951), 6 o
Gen gy Baiou LBt o CUCH LR naF | RE AT b, R ONAY T E188; rgnipdicated
Cp @ttmpc RBEi the %iﬂﬂ6n§u’@rﬁ@sﬁuc§&®ﬁ%(¥é aRapi 60! 10838 side
napht hal ene acetic acid_and O.

fro%eﬁ&?l%ﬁﬁrﬁﬁﬁﬂ@?r O?%ﬁsEﬁﬁ%b%%st%ftg%lé%??%ﬂeﬁflnsertlon

1n§é&@i@ﬁsnwtl$b@h§@0C@@@éﬂi153&-?VEWA réddi s have been
chlorsulfuron or 250 pg.ml-1 5-FC is also added to

1INCP RO FRER A ni ﬁ¢%§¢%ﬁ@|Adrs%es @r e°F neUbat €N B o bsg dpgle
stréﬂﬁ'éWﬁééﬁH@lééﬁEﬁé&‘é$ﬁ§1§€n§ft8n9§ ROrRE ™RASrddi@bes (no

a photoperiod of 16/24 h. After two weeks, the Petri

5 RF QPSS AP HRERSIRY el t VA uFesidyns) (BOtHELhe 2sama) |
nuci%gﬁ{@kti@éﬁéﬁgéod of selection, nost protoplasts

died. Only protoplasts, in whi ch t hrough the action of

t he ol igonucl eoti des a base change has occurred in the

herblCI%E?§?65Aé§?éqPQ?qﬁééuéf?§$§§“ﬁﬁggé?éiﬁbAGCpGUpUpGUpUp
AGA DY ot Hp akk d¥? i 22l ni crocol oni es. Six to eight

weeks after isolation, the protoplast-derived col oni es
are transferred to MAP]. nedium The agarose beads by
tI?Ept¢pﬁaétuéleqzudpqxﬁﬁlqnentIy to transfer the

rocol s with de nout hed ste rIe

O o T A TP T st i« b P (RS, o
MAPl medi um has the same conposition as MAPlAO medi um
wi th however 3% (w v) manni4tol instead of 6% and 46.2
ng.1-1 histidine (pH5.7). It was solidified with 0.8%
(wv) Difco agar. After 2-3 weeks of growth on
thls SO|Id nedrunr t he colonles are transferred to

N o~ o o o A~ g o4
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Exanpl e 3: TNE in nouse enbryonic stemcells In
order to have a selectable systemto denonstrate TNE

WO poopoedeo cel | s, a nouse enbryonic stem (ES) CE¢T/NL'200$'000151
is used that expresses a sel ectable mar ke &eo)

2iprva df et &t anktdd s 1@431]8 ith I@ﬁquﬁjez fas

proé@ﬁw@nﬂ@r@ﬂy% e td 1008 r dPo 190 01 et 2t erenid atéHN. 1x10°
obj ective of the TNE experinent is to re al r t hi §

per rffult,atﬁftm HRE TR 1 T Bha 12 y2 1V t he2 heb om

C f s
ena L st DLl ﬁ%ﬁﬁ%%ﬁaﬁm%ﬁ%%%mn
pul f edred \@WM&QEPCIIU MO0 DOEEA edctalelectroporation
Proc. Natl . Acad. Sci . USA 89: 5128-5132, 1992) by
ca. iim% mahmwclﬁq@f@l@:tq% Ul Refe &G VBP IR HHRE MoL
ronot er.., The ect] ve neo gene contains two extra
ele R Gr 4 Wiely downstream from the ATG
start codon of neo, resulti ng in a franmeshift (Dekker
et al., Nucl. Acids Res. 31, No.6 e27, 2003). The
c@‘l"st%léﬁj-'r FRIEREHL QT 7Y SEIRFHERR um For TNE
Cx¥eld Mes'elctféﬂr%éy&raq:l@ﬁﬁﬁ%ec%é{t a &%‘%ﬁ&tdﬁla@@% are
105 per wel |l of well plate for 24 h hen, to_each
plaages |or1 siegddear BY D e AT netm}mrquwed in To
culﬁjfeg%@{ﬁlﬁ@ta{ﬁjeas Sk 63, Ris of Trl@"-’s';:)%tt%lla's&%f qattonr,

eagent (Pronmega). After 1 h, 4 serum cont ai ni ng
cultncem wmdlyr@amalamﬁtmltelmt@rar @H n%u”b)at%%p mg KNO3, 825

ni ght t 4 f keg e C t
ma RO P e CRGE BT aet Ve ad e ot & e ba HS
27. 8"Eg m FesfO.cAH80, ABT 25 1I@gd&qﬁiDmﬁﬁz@esﬁﬁ%mlC@@l—@mtéﬁents

nt cl eotd de b S t
accorrepa Lﬁ%gp%lrlaerrres ({helrrl%{ a gin%écrg’ns% st SAIg §Cg6§%%r§0t Biol
Veg doy:r és{aaili npid) t hamuumcae:cm:frdm ctodli Mgrest ramdl Wétmore's

nes b (R, To D9 TG SR A TS At S0,

1951)Nt rxduGedy )i e dd), @ dey daphtedtena d¢emeshdid, 1 mg 6-
mut ati on. Further al | tosi ne or thym di ne

benzy | AMGIRIS eaftf{m cf’pﬂﬂﬂrﬁi]étdy fﬁdﬁ*aémlefuofge‘}%a?w%p%%

osmolk1 Ay the Posiddamnskd W nucl eoti des away on elther

S|defromthefrarresh|ft insertion, LNA resid have
be&® |Pr¥@&|—0@31|aa?[ LESHRRSSE A Tpr cubtuge @ 1um aré then

mixePREH a3 r&i@lstxf@mﬂnévldigwtydmil&e%@onsas%ts@pmwe Low
normal DNA residues (no C5 propyne pyrim di nes nor

Meltrw ﬂﬁé@er%ﬁbr%oﬁﬁaawq het @p Frafski ﬂe%t .k&rP %H@uld

pCpTp p p
SUSHE3IS {SEQ 9 B!emlxa?qpette INE % %&taﬂa]c%at?r o © %)

pet FAIBr RS st £ eSne M 18UD) B eth q AR 1 & oF%lero°c

to amplify the region surrounding the neo start codon.
(16/Bfe IPCRIrerpieimd die CibsEguent |y sequenced in order

t%ﬂ:eerrlf —1t(fI néé&r ﬁféukfaeoqi?ﬂnr Q‘I tt}'[ée cf SJHJt arose medium
mut at 1 on. WO 2009/ 002150PCT/ ‘NL2008/ 000151

is crdr gietted mlﬁq@ﬂt |mee@mrm¢g@antq,omaocfe Sranumnsferred to

5% gonuii e;%aedse@&g SR QY AN LA JPdi {48 mapin0

medium. This medium consisted of (per liter, pH 5.7) 950 mg
KNO;, 825 mg NH4NO;, 220 mg CaCl,.2H,0, 185 mg MgSO;.7H,0, 85 mg
KH,PO4, 27.85 mg FeSO4.7H;O0, 37.25 mg NaEDTA.2H,0, the micro-
nutrients according to Murashige and Skoog's medium (Murashige,

T. and Skoog, F., Physiologia Plantarum, 15: 473-497, 1962) at
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Acet ol actate synthase (ALS, also referred to as

acet ohydroxy acid synthase; AHAS) is the first conmon
weewype215h t he bi osynthetic pathway to the brapchau2008/000151

chain am no acids valine, |eucine, and i sol eucine.

one R Hway° BxiRe sOF HI praht %O%H%HH%Fb%?gaﬁ?%%lgﬁcﬂcﬁgrgmg to

Mor PR S | Re th&PDi s aREh BhlaeMoALS, | §. tASAPRI ABIYetRbH8] Amer.
site of action for at |least four structurall y distinct

J. Botasstd: of 3tet®i clUel) i AchadPygusateony? uRgagagisUpt malic

ac1<{,Tp1§{ﬂ% @Q—Q@ﬁj (é%)61$£i829<¥9@yr3m %7‘@ Sé‘ué98§g‘ d@% (w/v)

pyrimdinyl salicylates (PS). t omat o,
manniteal ml 10Eopy napetaslene mrstlrze@@m EST Q. hrig 6-

ben&f&?’?ﬂﬁ? LFIaIn e, Pﬁ@Pthg§8§§§'8% g@i@@@f‘@n f colo?les with a

a. ti n our study we have delne
succterssnf‘srclrmE TBT27A_4D81Mash hoSsubfidronanger2p® ng.ml™ 5-FC

1 ST 0 e P OO P LT e o

25/3(]1"03N93%<amdlﬂﬁ%| tembioy Atux hdeDNA mnaf p2@teEam >.s™) at a
I ly. Jhe.l f
e QL FPERELY, TR B OB erlg <.

trarfﬁezcﬂ‘éd)rto@lﬁsllthi@lettl 080 Despite” ]theielrdrrfg‘ G]'l’Eer:QB?,rlOd of
both ALS1 rote| ns re bot red| ted to.be

Sel?%tr]g%?'edn? t%reoLtc ?ﬁ adte Pr%\l/f %J%%%laessgﬁavln which
cﬁl’\;ﬂ\/\/r\tl’délaicﬁm/rer@f tolie n@l_ﬂgdndu@ha@’gESeﬂta Ciomserokgnge has
resr(ﬂues re suffl cient to confer her ICI de reﬁc,l st ance

ocotiy dhe bl G, CRUEH ST ReSPITI O VEABLE R, SpopTLance T0 the

herpitaid oS 5-F1F@) i Alde dhe soobefyndteonintoAbfobepest-
organi sns is high and identical nutations in many
de“o‘feg%ﬁ?%%ocr%]scﬂﬁjte?n simlar herbicide resistant

phsnotiypesigHtn wddiss sd Bigyr Wes dieyveei b} raﬂerqeﬂompr@ét -derived
DNA ol i gonucl eoti des or Cb- }(9,1r %%gne and LNA nodi fi
colQfiRriict dofIELT RS tonke 1ot TS aaﬁas‘“ifeesetber?éjrf Dy
thid @ ghd efathes 84 SeePNcidnALp2t § Of rfHShet Nt W& Sh)ctOcolonies
produce resistance to the sul fonyl urea 1g‘%pe her bi ci de

Wltrtrﬂ dr g TiRWrhehss kel ke qrriaPe ek of O hel FBdF RF e P ERd

1nd1%'m5jé]flﬁdtloérﬁsgﬁ‘#ﬁé@%igﬁsf@f@epgemmﬁla'mec&nﬁn has the same
differences in the TNE efficiency nust therefore be

comrameﬂrﬂoorr Hes AR PAShPIRE iatitt NA B RWa Vet i s W& wgnannitol
nstObReryedshes yisi g the, ool hikkegisystem shaterital gas
and Met hods WO 2009/ 0 2150PCT/ NL2008/ 000151
SOlel@kﬁfirdd”e@hQﬂe%/ (W/V) FhEceer@@hces of the regions
ofp Al zar§i W3S cept@réwm Metﬂ@%éﬁ@dq@@f@m the
(uppercase are shown™ bel ow. Single nucleotid
colqrolgaror i snan Hiee weedh ms&eememis;zoerree@hwr’n pol golonies
ted of lit ‘ H
P Gal U TR it AT (BT bl 2
5.7 )P1B63 [BEFN® ,NQ 134 maAICSA(NO3) 2. 4H20, 392 mg Mg(NO3 HO, 57

mo B TRoR0 g) (Ree) g 9aRAE ARG Ges i ¥

FeS@5 7|Hr30t abBlie28 mgr §adlé@T@néfdizQ,o tpra)duc;erca-rmltazh@nts according

Iteratlon i D L S2, ban
to BEAILTAR BBy CMMBLE (ALLSEIGE, 1. and Skooqy
PhySIdSBdﬂglla)fPldnzetaAtlSngeh@S 4@+g@>ﬁucl@®2 ) det 8Oneohsishsof the
of repeats of ropyne and . LNA i fi
pub P e R e Lt Me o RE e ar e [RVHES and
Wetrhdlﬁé L@&n@@mhm@f@ma@e hhakrRges dmetM@;eea t,hzeererm nabt. 38:
nucl eotides as such nodificatio f‘?{ynown

138+ Aa%ﬂam prdt Lt Wvbr ?@%%reo Y d%@?%aaﬂono 235

mg AV ik | g es1nM abh BoBsu BEQ-&B, NQcQBOu@eﬂLlén@eFC, and is

Mutation SEQ ID NO 9
solidified with 0.8% (w/v) Difco agar.
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95 A*T*C*A* TCCTCCTCTGCACTTGA*C*C*G _ P184Q SEQ I D NO

37 44 A*z*y*ArzyyzyyvyTOMAYzzG A*y*y*G P184Q SEQ | D NO
W@ 00800235@ * A*y* &z AyAxz CAxzAy Gz A* G G* A*U None  PCT/NL2008/000151

y=5- propynyl-2' - deoxycyti di ne;

z=5-propynyl-21-deoxyuracil; s=LNA A; v=LNA T, w=LNA

C, PeRLAMp G FikatdeaxyEr 8akrget* geng@hosphor ot hi oat e

I i nkages. Al'l oligonucl eotides were synthesized by

Eur ogentec and HPLC purified. The nucl eotide that

fOPRA 8sM SHREEBIWELBmE BR1bAEGeFuESHUBdesL FRede sTORBRE
resggggngrgéggtggtmagggggigglggduggggsiggHEEEggy kit (Qiagen),
and used as a template in a PCR reaction. Conversions of the
targeted codons in the tobacco ALS gene are detected using the
primers 5’GGTCAAGTGCCACGTAGGAT [SEQ ID NO: 27 ] &
5;GGGTGCTTCACTTTCTGCTC [SEQ ID NO: 28 ] that amplify a 776 bp
fragment of this gene, including codon 194. The primers
5’CCCGTGGCAAGTACTTTGATl[SEQ ID NO:29 ] & 5'GGATTCCCCAGGTATGTGTG
[SEQ ID NO:30 ] are likewise used to amplify 794 bps fragment
of the tobacco ALS gene, including the codon 571. For PCR
amplification of the modified CodA gene in 5-FC resistant
tobacco calli, the following primer set was designed:

5'GTGGAAAAAGAAGACGTTCCAAC3' [SEQ ID NO:31 ] and
5'AGCATCGATAGCAGAGATCTTTC3"' [SEQ ID NO:32 ].

Sequencing to proof nucleotide conversion

Nucleotide conversion in the herbicide resistant tobacco
callus is confirmed by sequencing the PCR products obtained
from the DNA of such callus. Conversion of the tobacco ALS P194
codon (CCA to CAA) results in a double peak at the second
position of the codon (C/A). Finally, conversion of the tobacco
ALS W571 codon (TGG to TTG) results in a double peak at the

second codon position (G/T).

Example 3: TNE in mouse embryonic stem cells

In order to have a selectable system to demonstrate TNE in
mouse cells, a mouse embryonic stem (ES) cell line is used that
expresses a selectable marker gene (neo) providing 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 I sol ati on and
regeneration of tomato | eaf protoplasts has been
w@e@giaisd y descri bed (Shahin, 1985 Theor. Appl P@GENE2008/000151
69: 235- 240; Tan et_al. 1987 Theor % | . Genet. 75:
et abs. Tome Mt A SOBIE - Col FOREDI26: 11921 178)
1nt?&ﬂfc§ﬁeor§%f“a{ Qﬂéfé@&% eﬁe&a@e@@ dPupgh i By theseuc:
publications. Briefly, Solanum |ycopersi cum seeds were
promsttery J i e d/ﬂﬁdﬁ@‘l&%ﬁ@@d]ﬂﬂ@@@@t@l@ﬁth% YXt¥a opcleotides

o1 ShEbi1 ST LD SEmA el AR pue A

resdlreisty ylrhasr vfestn&ﬁsﬂneﬁan/eel)e/\le{@r peacad. j anacbIJ thcwi$ hrRes. 31,

usi a scal pel bl ade, t L .
No. B ndh b TS (900 T 7L & G Bbe g’ Wy TSt gpgd mediun
th&j’ISf'IENEI’ &ﬁkpﬁerﬁfn@i’tsp,l adedl Iof Wordl engyeressdlat iardensity of
(CRV@M cont ai ni ng 2% cel | ul ose onozyka RS, 0.4%
7 % rié)cepéz”yl'f@lén@fu@a6R1’@112P4a[9€( Fegl 7t h-NERe2ngompRch well

e BRI AR - gl AR R e
and @aghoef rﬂmartfrt“@t "Sr bipafeshaker re40e80 (prprneon)1 After 1
h, QY - tPr o Sthroug}‘?S %Bﬁﬁrﬁdlg er&Qi&?l lé'lrllér }ggbéijgls are

y paSSI ng pm si'eve, and washing ft
incuiaed z)wemrurgr(tPV\@l\ﬂtd?r dtbpt acsf ssa\mcetc@rmflré@gzerdcmation,

85 the s err nat ant | Scar ;JI ?{19 t j -1
the Sche v e’ of" Cﬁ%ﬁ\ﬁ otop as sgv\llézltrgeﬂ#< uf(_\’/é r}ng'l of
G41& al@eﬁtaxp Tt Byl ,CRYEINA -areeks Bitfla rGP\VGBo miass tdven mideued

ef ul.l.y

to v0| d the t sol utions., Th
ordeop AR el el BTl D T g peremeshife
mutad i ecqritay ast s f363aﬁemg:ca1trésmaomdlireg ptastehe¢ ayegquence of
re colle a lo| st.eur pette The
the sl o Ae i ik Teere Ao e ABhiSHS syt the ATG

staftP\Mand gie wilgrert afhe @pwmepb@uzméml tatsas W&s$ been

determ ned in a haenpcytoneter. cl eoti des
intxeueqhtidiRed RS0 & Hrtdpt a@f%m [HE mitation.
Fur 8 SHd@POoratl oyt it & 50 Iﬁlﬁtp&;lttides Thee -

pr ot op | asts were resuspended in PHBS as an

Proléﬂé@tartc%br AGrFaRaf RRYTORY HEPES Bt 722, the Rpsitions two
nuc B 4 3 IR NaGlh e SNM e Gidom ath f.jﬁﬂﬁééb’lﬂtf 1nsertlon,

1x106/ml in "0.4cm el ectroporation cuvettes. 5pg A .
LNA 19 jotins étﬁwedeb%rs TPt efl bingierpt &t T7, C° or
G*) SUSRRNSION %%@Eér{@mﬁdmy@&p@éi of SRSk St @éoafnly
(625 Cc-1 cm and 800pF capacitance. Protoplasts were
norndePVarefldues eh‘tﬂ/ mmﬁw\% RYFERE@igpy nor LNA
ASf erged d aoer A s+ mutat Th
res R A s LG o e g ucarion. The
ollgdugdledruwc@ veeuaere sipuraatf@bkewdr 5 nmins, the

%iﬂ?ﬂ%sts V\%% In a i%%%g%?\gy [SEQ
(manﬂ r txgcgcg% baqﬁlo@g%—ggé %ﬁ#él al%]?%ar?géjse a209/1

subeSitgrrh YADGTZR )1ram:irdms o >@nplhby oUg@l yepion nyerspwmnding the

I f this ed ev 0 - e

neo 2 G Gl S ol 270y egr Tt B apgauenced

in cardkaldowss iy pﬂieyrmm’nzect Thepal gi ofit ehei Scamewnef t
then transferred to 4cm Petri di shes containing 4nl of

mutaEGPNyl t ure medi um and i ncubated for 7 days in the
dark at 30C. Then discs were then cut up into 5mm
broad strips and | ayered on TM DB cal l us i nduction

Ex cont ai ni ng 20nM chl orsul furon. Herbici de
resistant calli appeared after 4-5 weeks incubation at
30C, and individuals were then transferred to Gw ZG
medi um for further gromh. After 2-3 weeks on this
medi um part of the callus4was used for DNA
i solations. Analysis of tomato calli Genom ¢ DNA was
isolated from5 week old calli using the Plant DNAeasy
Kit (Q agen, #69104) Pr| ners vere desi gned to

e ALl ~A o N1 NS 1 r~NA S



Results Two i ndependent experinments were performed to
test whether the efficiency, of TNE in tonmato was
wenivaneansh usi ng ol i gonucl eoti des contai ni ng CSPET/NPN0&000151

and LNA npdifijcations. The results are shown in tabl e
Ta%tqqmm & A s e ' Ll N e e S-S A
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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

47



1 0.11 44 4.5 x 106 4 0.88 80 2.5 x 106 0 O none 9 x
106 0 O
WO 2009/002150 PCT/NL2008/000151

Oligonucleotides

The sequences of the regions of ALSI and ALS2 containing
the P184/186 codons (uppercase) are shown below. Single
nucleotide polymorphisms between ALSI1 and ALS2 are shown in
bold.

ALS1 gattgttgctattacaggtcaagtgCCAaggaggatgattggtactgatgcgt P186
[SEQ ID NO 34]

ALS2 gattgttgctattaceggtcaagtgCCGaggaggatgattggtactgatgecgt P184
[SEQ ID NO 35]

The oligonucleotides 44 and 95 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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Gendali O oNIc e 118 1a6eRl dirgn t9 wwenel dfcd el preMiPushe 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
082770 (5’ CTTGATTGCGAACACCCACC SEQ ID NO 40); for ALSZ the
primers 08Z773 (5’ GAAAGGGAAGGGGTTAAGGATGTG SEQ ID NO 41) and
082774 (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 sequeneed. 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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nucl dseneasleqd o/ §§¢ﬁ@iﬁﬂafépﬁ1&nﬁﬁgﬁtmore 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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inctdmsd it ©fNfAiciency of targeted nucleotlde exchange in
plant cells in general significantly, in the case of 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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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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nucl eotide is a LNA that is positioned at a distance
nuckolgtdgeadte o fiucl eotide fromthe at

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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wherein, optionally, the oligonucl eotide contains at
wore@v/oeisut 50% LNA nodi fi ed nucl eoti des; and PCT/NL2008/000151
,at least one nodified nucleotide is a_C7-pro e o
0 Li GRATHE T 8 CBEpr Uy i pyTT i U e, BESTorabLBAT s by 305,
mor@ped f GOMIT] eot i flesasy sef | desh ifoeé ap AEEdrd¥1 y Na® most 20%,
met hod for providing herbjcide resistance to plants.
and Faos i RTERFRR LY myt dHP D i Hohucl eoti de as defined in
clainms 10 1-109. 32. Modified genetic materi al
produced by the nethod of clainms 13-27. 1533. Cell |
c FIpralsi IR e ok T | R Yehiatd e ereRg of draipggoious

claids, Aietdod 108 haes eash nud pEgeied neel eRddslendently
exchange efficiency of a ex DNA, conprisin

S up !
posYtaongsd smi Hee ah’ of i Fprard € | de Eotmp? i sThe aogofhlaﬁfn
mishdtdin 20 is capable of hybridizing to afirst DNA
sequence of said duplex, wherein said domain
conpri ses: (i) at least one msmatch with

respeel; ddh | NGe; f th i
(i i')%afltlc‘it ea%gt?eo({}ﬂel%oﬁ%e%ﬁﬂﬁl eotaixggqheav? ng aeh erSeVlous
claimﬂx(ﬁhﬁﬂhiﬂrﬂmeLMﬁfquigéequmpcleotides located on one

side of the 5’ or the 3’ side of the mismatch are separated
from each other by at least one, preferably at least two, base

pairs (nucleotides).

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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(b) decreasing the distance between said nodified

nucl eoti de and said m smatch to about 8 or fewer
woembeaisdes; and (c) recovering a  PCT/NL2008/000151

ol i onucleotide for use in targeted 30 nucl eoti de

excharyjelgonucleofsid QM?Qﬂ?EéﬂﬂHHERn?Q%P?%r aryetReevious

claBhd eratd ani oft i du eon RN o th@E et din ﬁiﬂes at least 2
oligonucleotide conprises a donain t is 35 capabl e

sectgforymmE APt at figatt Di‘\lAS%%"q{i‘eIh%et}o‘?t shidenepiextly

conttdih sal & domain G iSeSter My at least 3, 4, 5, 6, 7, 8,
2009/ 002150PCT/'NL2008/000151 (a) at Ieast one

9 o¥ri Khatred i k9t rexpeetideshe first DNA sequence;
(b) at |east one section conprising at |east one
nodi fi ed nucl eoti de having an i ncreasedbi ndi ng
af¥4 niqmgmmﬁl@%a@qu deP ARy @ | @ Fle aprgwmious

I i d, at -
claigi&f{uc L d'fejsﬂ-f]%j Jé@& £t fﬂ(ﬁcé@e@%éw@f L8l 0SEr —end,

rom sali nisna

the di I‘@J@@WO@@@OTM@%% £ ek elilre noels $§ e 1@f the

mis deotide is positioned at nost 8 nucl eotides from
sai d m smat ch. 37. The oligonucl eotide of claim
35 wherein nodified nucleotide is positioned at nost

cl Oth}s fr ;g Eiﬁgag T

ol rk’;oricﬁLchgeo i ai m g erein %onffog%hgeprekus
claime| edtdmdein stlm)mualmadldﬁ atosthel prel eoen def fhemismatch
. said m.smatch. 20 39. The oligonucl eoti de of
ls‘Eﬁefﬁg%ggﬁﬁﬁerein nodi fi ed nucl eotide is positioned at

nost 2 nucl eotides fromsaid m smatch.

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

56



10

15

20

25

30

35

2540. The ol i gonucl eoti de of claim 35, wherein said
domai n conprises 2 LNAs. 41. An ol i gonucl eoti de
wo eoovpexiget ed nucl eoti de exchange of a dupl ex BINBNL2008/000151

wherein said_pligo | eoti de conprises 30(a), a
re ST {1 od ol bt § v peidied BRSSO e
olidbilcTESPREd t¢omBrii¢and sdcisndnl €pt exoDA nwhet eldast one
sajd nodified nucleotide is, positioned ab

oAb o ke Gk 1P ORTSh & T AFet G StEiRity 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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