Title:Targeted nucleotide exchange with improved modified oligonucleotides Field of the invention
The present invention relates to a method for the specific and selective alteration of a nucleotide
sequence at a specific site of the DNA in a target cell by the introduction Into that cell of an
oligonucleotlde. The result is the targeted alteration of one or more nucleotides so that the sequence
of the target DNA is converted where they are different. More in particular, the invention relates to the
targeted nucleotiletexehange Usirapivedifieddligohudle oddesartecinvetition fupthey eclates to
oligonuclegtldes and kits; The invention also relates to the application of the method. Background of
the invention Genetic modification is the process of deliberately creating changes in the genetic
material of living cells with the purpose of modifying one or more genetically encoded biological
properties of that cell, or of the organism of winch the cell forms part or Into which it can regenerate.
These changes Gan, ﬁge otge t1f5)1rm Jc_)}°1 ggleggg z?f parts of the genetic material, addition of exogenous
genetic material, or changes In the exist?ng nucleotide sequence of the genetic material. Methods for
the genetic modifibatignrefseukaryotte mrgamsms lhaveshean knovert fardver 20tears andiiave found
widespreag.application in,plant, human and apinal cellsand micrarganisms far Improyements in the
fields of agriculture, human health, food quality and environmental protection. The common methods
of geneticThé6ifieatidn €ondidt offaddlingtédsgerous DX fidtents 16 e §erdmeia dele inch will
trllen gonf@@ meWﬂor@a?&l icgmaﬁ@@&l@t ﬂa@rgam%m]ﬁwfﬁ;aﬂdia@%éhemw@as encodltledhby ]
already existing genes (including applications in which.the expression of existing genes will thereby
b suppre L AR Aty sith Ao 16 CHotise REoBing: 1 dE e Bpgies, those
methods areeneverthelessiiot verycpreciset; bdcabise therd ésyne contidliover ¢hne geMomdc positions in
which the expgenaus, PNA fragmentsaredpserted (and hencs,aver the Ultimate Jevels of gxpression),

and because the desired effect will have to manifest itself over the natural properties encoded by the
original arftFRbfarted gertnte. IOf the éamtrary ChrRNdEEst-geetic Madificatish that WitPfesult in
the additian; delelionter conversionr Dk puclgetides i predefinad genomisnlocvwillallow the precise
modification ff existir%% genes. lOIngotnucIeoti e;:qilrecte 'kl'larcgeted Nucleotide Exchange (TNE) is a
method that is based on FheedéE‘IP\}%ry% ifto te el aryoﬁc C&lrntideus of synthetic oligonucleotides
(molecules consisting of short stretches of nucleotide-like moieties that resemble DNA in their
Watson-Crick baéggﬁjéipglggap%rg'eg_hgutirﬂggggic&?micaIIy different from DNA) (Alexeev and loon,
Nature Blotechnol. 1671343, 1998; Rice, Nature Blotechnol. 19: 321, 2001; Kmiec, J. din. Invest. 112:
632, 2003). By defibéraicly Besdighirtpa heismatch-hgcleatideeinthe hotedié§y sedgerite of the
oligonuclegtide thejmismateh sucleotide nay induece ghanges in the aenemig DNA seqyeree. This
method allows the conversian of single or at most a few nucleotides in the target, but may be applied

to create S0P dOUDRS T exiStifly Gehes 1esiiifig I aHidrtptSh of tHedr fuhcfidlr BH96 create codon
cha_nges,_ hdsnﬂldmiiua@er;escgmdi{r@spmfeinha\ﬁthcmtbled amind atldegmmpy_esiﬁsm(prﬁte&ﬁnich
engineering),, Ce‘[@rgggerqngu%ggt&d%gxq}l e 4T NEF) has been g%%%l?@?a’@@!a”ith?%@al and yeast

cells. The first TNE reports utilized a so-called DNA:RNA self-complementary oligonucleotide that is
designed 3 imterealate at thekehrbh sbmdl tar§eflSite THe chimera Ebftafis & fisHafchiethucleotide

on the DN#ystsand, that ferms thertenwlateJgeintredugivgdhe mutatian at the ehromosemal target. The
first examE es of TNE using chigericj@lA:RNA oligonuc eotides came from animal cells (reviewed in
Igoucheva 8fa/ 2081 Cehd Therapy s 391 S584) EStensive Tesg&reh by mARY fabdtatories has shown

that the TNEtﬁenﬂﬂenﬁgmsh’rge_sgénel‘@onuct&biiﬂéséast\i@rriabi;é, anckem averageoveryiowmand depends
on such fagtrs a5.the transeriptional satis of the target, theyinfluence-gfithe cell cycle and cell type
transformed. TNE using chimeric DNA:RNA oligonucleotides has also been demonstrated in plant
cells (Bee@®dm €t aF 19991Prde Nath Acad el USKI96 78 T4 8778 Zhipefam 1999 Proc. Natl. Acad.
Sci. USA 8687688473 i4Nu Rbale 28R NajurenBietecht 181 §855b8; Kochevenkesst al Q03 Plant
Phys. 132: 174-184; ?ku§aki et.a/. 2004 Plant Cell Rep. 2t2: 509-51%. In, %ener , the freﬁuencies
reported iRt BotH Brant 8RE aRifarstdid8 Were 166 T Forsracticéal Bpplication EGH "
npn-selecﬂaiﬁ@ohmmdsq;n&ld(octic mod‘i\ﬂiusinﬁgcnhimerisDﬁgom;ftlemtdbsgya&g@eﬁouﬂd i be
difficult to repraduge (Ruiter gta/, (2003) Plant Mal. Biol. 53,,735-729) resplting.in & search for,

alternative oligonucleotide designs giving more reliable results. Several laboratories have focussed on
the use of SiRgie8Stranted ?és’l)tol@%%ﬂécl%tiéléssfd?fl@f@E‘.i'ﬁﬂbééVﬁéveaﬁéeﬁm tblfive more
reproduciblegpsultsi wdath platangyanimabeells @i etan2092Nuc.Acids Res: 89: 2742-2750;
review, Parekh-Olmedo et al. 2005 Gene Therapy 12: 639-646; Dong et a/.2006 Plant Cell Rep. 25:
457-65). Several groups have shown that the process of TNE can be mimicked in vitro using total
cellular protein extracts. Such assays for TNE activity are called cell free assays. The assay
involves the repair of a mutation that inactivates abadcterial reporter gene (such as LacZ or an
antibiotic resistance gene) by incubation of a plasmid carrying such a reporter 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 efficiency. The cell
fraee cvetem hac heen riced in combination with both chimeric DNA-RNA (Cole-<trarice at 7/ 1000



degradation of the donor oligonucleotides by nucleases present -4- in the reaction mixture or the target
cell. To remedy this problem, it is proposed to incorporate modified nucleotides that render the
resulting oligonucleotides resistant against nucleases. Typical examples include nucleotides with
phosphoretbipaie finkages am2'«hinethylranadogs: dHese maedifieationsiatg prefesablyiacated at the
ends of thghoeli%(e) uc egtid%, Iea\(/eingéaldcient%aiall\éA d mr%rrllsugo%rpldiggatlpﬂe Teissmgtceh nucleotide.
Furthermore, the ﬁ/ub |cat5|or?%ﬁptflates tha spemﬁlcgc emical interactions are involved between the
converting ligoHucieotide arftttherproteindihvokedrindhe corgarsions Theleffeet vesdshdechemical
interactions {0 preduce nuglease fesistant-termini Using modifications gther than phospharothioate
linkages or 2'-0-methyl analogue incorporation in the oligonucleotide is impossible to predict because
the proteif¥ fivolved iH tREAREr BN Process dnd tHetcheniRaFmtstatisrwith Anhe biigdifiticotide
substituenis are netyetddowmandaccording to thesinventors 0EWQHO17 8603 fcannot be predicted.
TNE usin mordcjfisesd. %in le stgla&qoegcolilgjgnu%llgloti es. El%se §68§ Peeg%ril%eq'p t}Qae atent application WO
02/26967. This appﬁcé} on demonstrates the effect of modifie nucleotl(lzles, conferring improved
nuclease fesistaacd on tee bligonirciedtite, vatthe 2ficargofiNE usingrthetellfréesystem. The
applicatiop theny gaes 9ndo s8ow-that theragdified ncleaydes identifigd using the-gellfree system,
when incorporated in a ss oligonucleotide, also enhance TNE at a mammalian, chromosomal target.
This confiffi8 Bfat infBnfationr GaiEd ik R inVitrd cenSree asayit appiicatie M vivest Thréfosomal
loci. This application aisiooelaints that severad rodifie biecledtides; eqg: rioS-propynei pyinidines, but
not Iockedari %I%ict%ceids rcggiaslseo bg s gl l9 %@gaoveftheXTil\é lertlficienecIyé The authors state (pg 16)
that the modifications ir%orporate&nto the gllgonuc%otiae will notalter ceNilar functions that are
responsible for bidlégiealactivity lidahidicasetredombirzgiondriiuepan aelity= ieosfast, we
demonstratenn this applicationthat agverakmoglified nycleotidesshowing enhanaced,kinding activity
named in WO 02/26967 are_biologically inactive -5- in the TNE process_and so a prediction of the
usefulnes§ of Afodifed nGE&tideEihTHE TNE PrStEss thnnBt BE Mt S5 the basis of
enhanced (indiagaftnity- on s As the efficiendycafthe currenhmethadtdshefcINB s celatiiety: low (as
stated preyiously, between 10-6 an 4, despite reported high delivery rates of the oliganucleotlde of
90%) therI(TaKfsl %Jcnieee%l :I}réﬁ r(]aC a]r:tet%ecn(l)(ij)n%e8 toD%?étﬁo%sgongrN Ewt a%%rrle %o){r(e%f |ca|1(-:-snét.p %\éé%r%%gly, the
present INVEARES have sePoiit BaMPreveBATHE exisiing TNEE teehhologynDeXériptichlekihe invention
The present investers hayeurav EisecibrhbY incosporatng a gankination. of meslfipebnucleotides Into
the donor oliaonu leotlde for TNE that are capable of binding more sﬂ?n ly to the acceptor DNA than

the corredpbRbRG MM odified nicieotidds fike Anee T, of 6, Yd Pate canbe’Inéréased
significantho W¥ithow beirg boumnd by theaty sthendreseat inventots bekievel that byd¢he inconaoration of
modified @luocl%lc%tides Into tlrllgndoeno(gglig%nu%eigtldoe tfﬁtggr%gr %”90@}1@%9{'996{){“0%5 more strongly to
the acceptornb Xga%d? hence Increases the ratio OIH' . urthermore, the present Inventors have
found thatthe lability &¢ amaodified noeleotide 36 @nhance FNESRNES OniND IATOHANE propeties, (1)
its Increased-bipdingiaffinity tonits targetcompared with; permal uinmadified DNA andl, (2) its biological
activity for the TNE process. Antlsense technology also utilizes oligonucleotldes to Induce an effect in
the cell. IT'this &de- tHeSoligontidfeotides Gte d@éﬁén@&i’o ]BﬁmdatBRﬁé TOmifleMERETS talgBPmMRNA.
This DNARNAHybtid i recoghize dieyn R&Naseklswinchreyts theaRNAsstrandi ofithe hybrid i inhibiting
gene expreggion, The oligonucleolds charagleristies, Imoroved ainging affiity gnd ephanced
nuclease resistance, necessary to obtain an effective antlsénse response are afso characteristics that
have nowdeepdbnad MapbRaRttoEriHante the héqaBhey oPTNE. Maapbdified nlielsvtidés have
been repasteghinditeratiye that show either enhanced binding affinity and/or nuclease resistance, but
the crucial step is to demonstrate that oligonucleotides containing such modified nucleotides remain
biologically activé IGhESENE proceds 9& PREProsENt iventorsHavRidediRE el tfed system to
screen maramodifiedimiclectidessfentheircaility to ehbande INErand hape faundithat this daanot be
predicted by study afthg,physieal aoperies ofihemediied uelsofides o adition, the present
inventors found that many modified nucleotides used to ehhance the properties of antisense
oligonucledtigés W fact ihhibit FREShake cefl frekssystferATPres the Fresentinténtdrs Rage identified
modified nucleqtides dhat-arerspegificifonimpriovingthe rificieney ohTNEdtselfaFurtherporeritis
believed that the present oligonuclegtides present advantageous stereochemical and spatial
configuratighs™®  “Ffie bf érﬁ%e%?&rs%%qgﬁﬁd%t%ﬁiaoﬁﬁa%ﬁﬁéjs @dnthiting one or more
LNAs at pokitioms stoseltof butyrat (direetly) adiacent tthieemisniatcNE i.eslocatedhate distance of at
least one legtide fror [ tch. in c ination with C7-pro ifi ine and/or
C5-propyr?§ %nb%‘iﬁedggﬁ%;ng}dﬂlrrgg%ggge%ﬁgr i(rgl) icate %réﬂ p%gp{/;?w?/?ateg ggcszrlg%% ess %ﬂ%ﬁo&%@ the
efficiency of TNE to an hitherto unexpected extent; ir particular improves the efficiency of in vivo TNE,
i.e. not in a cell free system, but for instance in a protoplast system. 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 activvityvy of c11eb olicdoniicleotidee wae comnared with the TNE activvityy of oliconiiclentidec



target strand. The mismatched base is Introduced Into the target sequence. By manipulating the
modification (compared to conventional A, C, T, or G) of the nucleotides, and more in particular, by
manipulating the location and amount of modification of the ollgonucleotEde that Introduces the
mismatchrtheeffieieacy torabe degoae GesuccHsskhpycleptide thanges. akthedeasired position in the
DNA duplex). can b Improved, | Another aspect of dhe invention resides in.gumathod for the
targeted aiteration of a garent}f)l\if1 s?rana ?nrrs Strannd, second stran ) by con acting?ﬁe pare¥1t DNA
duplex withsamellgonticlevtEde thiatlcomtaids at feasy ane Ansmatcmaucleotidescomparezito the parent
strand, whesgin the donor oliganugleatEde contains a section thatis modified withIINA at paiicular

positions to have a higher binding capacity than the parent (acceptor)strand in the presence of
proteins tidt dr8TapabRSitargited NGLBBHEE eXchdrite. €€ 1 FhG¥ the iAvéhtive gistofRRe invention
lies in the tmprevemeridn therbingdiichgapacity<of ke pDiigamiteoiEde {sometimesdeterredsto as the
donor) with.madified nucleotides relative to the.unmodified ollggnucleotEde, whereby, LNA
odiTcatio EI0CaEl A ARG G horS fodtioRa Tt a7e Hot AdaEaHt 5 e ey whereby
further prdpyegidied hubleatdd&s Ard)fofforatediifithé digorsieSEde] typlcally &t ¥IRE positions that
are not alfgagy LNG-mpdifiagjangsat althegpsitiorefthe spismajchy ) - Aslyaniagegue results have

also been achieved with insertions Into DNA stretches using the ollgonucleotEdes according to the
invention RARESRbindd LA and plopyiehedifitatorkt iddas Bgrai%u%!@%rﬁﬁyﬁg td-Adte that
other modified-oligonuclectzdes tatale known i lkenesaledd tRRipprove binding efficjencyn were not
as effective in TNE as the present combination of Né and Rropyne-mo ified 8llgaonuclelotEdes.
Detailed d%%%ﬁf):t?orf oft e invention -9- > ‘Iitone aespe%:fl the invertion relates to rallrlf[b&figonucleotide
for targetettalteratiomefa duptexlDNAfseguenge L theadupler DNR sequence oftaining@first DNA
sequenceand.a secand 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 ¥fledstéite AiidMatchavith rekpRetithe fiteCDNASsetiehcé CaRd wherdlR the
oligonuclegtide comprises atdeass @nesectian that contzils at leass iwe ientifietbduclediides having a

higher binding affinity compared to. naturally occurring A, C,. T or ucleotides, wherein - at least
one modiﬂg-:gf} nﬁzglgc;%?c?e% i)s’a Eﬁliut%gtl |I§gpo}éﬁioa|11e?:ieaailr acgisgaonrceagr%?%?s ohe nucleotide from the at
Ieast_ one nﬂis’ma_mhqimb\méﬁeini,e@dtmmally;,jmerp_j;igmnmele@&del 9@d1@im3@@tuﬂm@@tatﬁﬁﬂ6@% LNA
modified nugleotides; .aad 1,558t legst,ene modified,aucleatiderisa ¢4 1Rropyne pYHRe L Q)

C5-propyne pyrimidine.  In one aspect, the invention pertains to a modified ollgonucleotlde for
targeted aftet@HIH G e AlPER DNARSeGUENcE e diER DIeARedGerct Eontdinga FREDNA
sequenceaiska saeamd BNA-sequencen Thetsecpnd NA sequenee: s the complemeneef ik first
DNA seq nd pairs.to it fo form g duplex, T onucleotlde comprises a domain that
comprisetsbeéﬂ&lgaqéltu &?2\ miSmate SvVitkﬁrje'spBeﬁ'fl {Zo_tl%eie‘Lg)aHLgfgpIerxe Bf\ﬁ'qéec(%l?erngcﬁé?h_) %emaGIg]eoreg .{:Praeq‘érably,
the domainds thé&par of ied alyoniictectide-thatis conmyerienady 26 e fibaskahe lilciRemg the at
least one psmateh. .-\ Preferably, the mismatch in the domain is with respect to the first DNA
sequence. The ollgonucleotlde comprises a section that is modified with at least one LNA and a
section that is megifigd HitPa B8RSt Se’FropyRYRted AlicIESfItPRaRSa RifgheY birdiRg Affinity than
the (corregpending aitrofidrsecondINAseguenese whilstretainingibiologicas activitys Preferably the
at least one modifiegl LN,%NnéJcleotide .i% ositioned ﬂ[%éjist%ﬁe gf at least one nucleotide from the at
least one MiSmAteh: Roré Prefarably the ofifénucieotide o' cohtiing 3P mbat about 50% LNA
modified nucleotides in addition to the at least one propynylated nucleotide. The domain that
contains the mismatch and the sections containing the modified nucleotide(s), whether LNA or
propynylated, respetivels aiaylhe’ evetspping. T irf cerfain embedifents: ¢ domain containing
the mismatgh i logatedsata different nositienen-theroligonuiclestide than the-secsk.18)n of which the

modification is, considered. In certain embodiments, the domain Incorporates one, or more sections. In

certain enfBbdiments’ SefiohsCat fricoRsdtate the dOHIEME I C&rt&ln emnBoditiBht, the G8iath and
the sections ohayebe vatectat thessarhe positioh carthe lollgonuciéetide. dnrd dave tkd safwrength 1.e.

the sections gpincidedp angthandnositian. Insestain embodimers. hers.an b majeahan one

sec-L.18)n within a domain. For the present invention, this means that the part of the
oligonucledtidenhat dontsihs #ie ansmatcttwhichds ko afeHthe DN ATHupfexicatbe focated at a
different or shiftegipasition:fromdhepast-afithe oligenueleotiderthat issmpedifiegl I-particalas-n certain
embodiments wherein the cell's repair system%g?o,r at least the proteins Involyed wijth this system, or at
least prot&iKs Al 418 Tnvived I TNE) detetiiiie s which SFid shahids COnfaRiT the MISMateR and
which strand is to be used as the template for the correction of the mismatch. LNA variations A
Locked Nucleic And (LNA) is a DNA analogue with véry interesting properties for use in antlsense
gene therapy. LNAs are bicyclic and tricyclic nucleoside and nucleotide analogues and the
ollgonucleotldes that contain such analogues. The basic structural and functional characteristics of

LNAs and related analogues are disclosed in various publications and patents, including WO
00/14226 WO ONO/ER7AL \WONNO/ARRENA \WO 02/202°E2 | Inited Statac Patent No & 042 O&RNO and



LNA can be Jinxed freely with all other chemistries that make up the DNA analogue universe. LNA
bases can be Incorporated Into oligonucleotldes as short all-LNA sequences or as longer LNA/DNA
chimeras. LNAs can be placed in Internal, 3' or 5'-positions. However, due to their rigid bicyclic
conformatians) ¢ Nt tesiduesetoradtimes distiiicbe ielidalidsstRé siucleic and sgands. It is hence
generally referred to design an oligonucleatide wi o] ore adj L esidues.
Preferablyhf?r?go L mPees]fduegge aéfqen 'se%ggagte ‘%/(ia %agéqn(ﬁe\g(m%ﬁeo&ﬁugﬁ%e at5 doggmrllce)tcdisturb
the helicabivigtl suél 83 aPdaivendenal huckotide (A; Ricerel). al .Ti® brigihaly 8eveldpéd and
preferred L4 mongines fthe b D-gxyddis mpigiegmbas beep nadified infongy LNA monomers.

The novel a-L-oxy-LNA shows superior stability against 3' exonuclease activity, and is also more
powerful S ATOTE FeRbHROMAR ERDISEALNATR delRjrihFloRht artehsEe"® ThRE8RYCIeotides.
Also xylo-ENAscandlglbe LMAscaaralle usedaDriscRepd inr V09422640056 H& Tt
WO000/66604. In the_present inveption, any LNA of the abave types may be effective in achieving the
goals of tr?gl ihv%%gn,iie.e Ierrpperogg & fc%enwofll%é, v?n ﬁl% preference for 13-D-LNA analogues.

In the art on TNE,"LNA ehodificationnirastiseert isted Anwngst adist ofipossilile otlgoaucleotlde
modificatiansas sltemalives farhe chimeric Malgaules ysed i, T bowenveg, ingre. s np indication
in the art thus far that suggests that LNA modified single-stranded DNA ollgonucleotldes enhances
TNE efficieRépBighitantly i the’exteRtthat ASs Presently HeeRTsnd Whendhié LNA &Spositioned at

least one Byeleetide away feam the mismatch andiartherellgenyelestide gges not sentain more than

about 50 %’l rounqlecdltgotpg C{gesar%%t WhroI§ ngénbeirnof Puclrlel?tigg%)tLllgAs.i eIrr1 cle(gtain embodiments,
the oIIgonucIe%ﬁ&e comprisesa sectibh tat Containg at Iéast one, pre?era%?y atﬁea&sz, more

preferablyP2 Al modified Meleotiiéis)eih sértaih embodiments) dfie sectioreon thisoligonictebtide
can contaimore fhan.2,.3,4. b, 6. Ze%o%t%r 11%;%‘t}ﬁgar?ggﬁégwfl?gﬂge%ramén geitain

embodiments, the at least one LNA is positione ance of at most 10 nucleotides, preferably at
most 8 nuBlEbtidés 'more pletsrabRldt hosEo AtcRBidés Ve RbrepreférabRPatmest £3, or 2
nucleotidesdinarmitbe nismateh. de adnete prefarsed embagimenttbe atjeastone LNA is positioned at
a distance if.l nuclegtid%frgm the.mi atfh, l.e. one nucﬁeotigeés gositiort\ed between the mismatch
and the LNAT Y Cettain em oed'lmeﬁiﬂslre?é;[m%’toogllb%%ﬂgl%oﬁaesl cgntafn?ﬁg fiore thary one ?.T\IA, at
least two ofcthe LNAg arelocatedtaice distancerofat edst wrenratedtidenframeahé migmatchain a
preferred embodiment, LNAs.arefiot logated adiacept ta.each,other but aresspared anart by at least
one nucleotide, preferably two or three nucleotides. In certain embodiments, in the case of two or more
(even nunitiereof) ERAYRBEfications of the ollgonucleotlde, the modifications are spaced at (about) an
equal distance from the mismatch. In other - 13 - words, preferably the LNA modifications are
positioned symmﬁ%ricall}/ argun%the n}iﬁm%tclﬁj. Fo;1 ex%mgleél in a jfprefgrrerq egb%]iﬁﬁenrtl, two LNAs
are positioned symr%e?rlcea?lyeasrouﬁdf the mismatch at a é]lstan?;g of T°hucleotide from thé mismatch
(and 3 nucledtidefromieduhrotheda t jes @ NA)N- (ML spriagtch)sNi (LNAR. 1owneeftamiembydiments,
at most 4Q 6 of the.mpdified nugclsotides of the, oliganuicleotide are LNA dgyvativesod-aviiigire
conventional A, C, T or G is replaced by its LNA counterpart, preferably at most 30%, more preferably
at most 2@%959&15‘ maké& preferably &t s 2656 Al 1R85 Sreferably dtFAsS % °f In%tertain
embodiments; meredbagenetnismatel canbedslyedueed reithies simutanepusly orsuggessively. The
oligonuclegtlde acco date_more_than one mismatch on either agdjacent gr.re d Iocations
on the olieg;%in%r&éi%&%%g}b%% 'en%_,}?ﬁelgl%aon%%i?eo]ﬂﬁ%eca?]%él éaﬁiﬁte o%@éor%%)oga?t)\ge%ns%cond set
of LNAs tifg kdliRefthe pBnciples-citlihedhhereir; grovided tHeyedm aotliterfere Withkeadh othet's

Improved pinding canacily o getailed bialpaigal anliyity due dq the parfisulas confgmation gf the LNAS
in the oligonucleotlde, 1.e. preferably spaced around the mismatch at a distance of 1 nucleotide from
the mismateRAhcErtairtBMboafhens thé ofifénucleotide can comprise two, three, four or more

mismatch nucleotidies vynel mayihe adiacenhoriemaie {4 e nene adjageat) nkke vhgenucleotlde can

comprise further domains and sectjor%s to afccon%modate tin]Ls, and in SarticylaKr can corrai;)]rtsee several
sections. - certain @mbodimenits: the é’lig%nd%‘l”‘eo?l%% rﬁ%) nlc%?f):olr% & apotentiat fiseH thal is to be
Inserted i@ EaacceptdiOstiand) GBuchrgrmse st mayp vanoin l€ngth from masre Ahan five up to 100
nucleotides, by a similar way i cartaip pmiadippents, deletions canshe Intioduged of similar length
variations (from 1 to 100 nucleotldes). The delivery of the oligonucleotlde can be achieved via
electroporafien be BtifdriconveRfonal tediffiGues that afe eapatié vt defivetnt éitiEe e aAGeleus or
the cytoplasm. b vigertastingefithednethod-of fhe present iuention can bene14-c achieved using the

Cell Freenaystem asti.s desc%ib%(jl i.adin W001/87914, VYOOC%t/O%?ZG , W099/158702, W001/925t12.
Propyne Sglﬁégtiaonlson O e onor olligonucleotliaes Y nucleases presen
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In certain embodiments, the oligonucleotide comprises a section that contains at least one, preferably
at least 2, more preferably at least 3 propyne modified nucleotide(s), independently selected from
amongst C7 purine and/or C5 pyrimidine. In certain embodiments, the section on the oligonucleotide
can contaimmoere thase4,t5,& 7 8x 9uerld prapyneunodified awleotides rkneeftain mbodiments the
section is fl{:lg/br?gldnifiegiti.e. all I)girgigén sin tri%glicllonucl%oetide CAry. a Sﬁ%:(:oloé/ng sggstitution
and/or aII%urlnes carry a é‘?—p?gp)?ne Su s%i(t)utlon, the ENA modification can then be focated at the
sides of tHesdctionnftecertdia ensisodiments therg araisdctivhsdhat aresiNAanddified and 'sections
that are propynyLbmeodified. |0 certain embodiments-the sectigp coptajrg.Roth;LNA and propyne
modified nucleotides. In certain embodiments, the oligonucleotide comprises a section that contains at
least one, BRI AO At et 2 mlorB fieferally af [east BPrBEyné Rt -nddIEstde(s). In certain
embodimenis,ithesection ®ndhe oligeruclentide car soptairmore hamds5,dF; %18 9, or 10 propyne
modified nolﬁ[0|e°§irﬁj§§1|en elr;[f\ein efé%qgirr]?engs t@gn ecggn ]B%gljllxcgpn%dliﬂe%, i-%éﬂ&ﬂ‘ﬁ““‘@ s in the
oligonucleo ide carry a C5-propyne substitufion and/or all purines carry a 8§-propyne Substitution. In
certain enmbctiments allpdhrdsigray deupropynylatet) ard theopyrinmidiiesomayg bersubstitged by LNAs
or vice vetsg, {n cgdainerbediments, at least 10%;0f fhe pugleptides n-therpligenugleptide is
replaced by its propynylated counterpart. In certain embodiments at least 25, more preferably at least
50%, evelt RDTE Prefefally B fEdst 7596 and if 86mEtasBE RS preferredthitst 164st 9% of the
nucleotidescareaeplased byhibek pfepynydated conntarparisal Oligonucledtides containing ce
pyrimidin, nuglegtides with a,propynyl group at,the G5 position form mare sighle duplexes and
triplexes than their correspond?ng pyrimidine derivatives. - 15 - Purine with the same propyne
substituerit @ #rd P psusitiopeform leviehatiore stable’ dupiexdsand are hegee pisterst STRUS, ¢ certain
preferred embogimentsyefficiency M%fu{té‘eﬂg%%%%@l@rQ‘éQ‘bE?@di%ecoﬁaé'@ény@W:H!éﬂ”e
nucleotides ( 7-propynyl derivatives of 8-aza-7-deaza-2'-deoxyguanosine and 8-aza-7-

deaza-2'-8&SXyadRRine) WhictEenHahce Binihg ity o & BU&S §réfter Gt tHaR 5 Aropyne
pyrimidinei nieleatideiso Suchtiucteatides are disclesediidter aliadn Heu& 8eela, 20Q20Nugleic Acids
Res. 30: 488209, Ln-cariaipembadinents, mare a0 one mismajsh gan be jpfroduged. either
simultaneously or successively. The ollgonucfeotl?:le can accommodate more than one mismatch on
either adjacerd b F@Heved locations on the oligonucleotide. In certain embodiments the

oligonucleotide cagrcomprise MW threeq fourof aore-pismateh Auclestides whichimayhesadjacent or
remote (i.e. non-adjacent). The oligonucleotide can comprise further domains and sections to

accommod & thitS 3RB iR partcul PedrfipisE BEveraPSetidnd CInléertain &badimants, the
oligonuclentide mayt incorpratena poterdial irisertdhidkistto ve imserted #rthewacteptor &rand. Such an

insert may vary i ]!, thlfr ore t [ to 100 cleatides. Si illr ay.nc e
embodimecréét%,%e%e?ig%s céﬁ%&é@o?&%%%f%%mﬁggeﬁ%ﬁ%ﬁiaﬁ%ngﬁ%oré? 12%06%l 0 gﬁ%%e?ﬁ%és).
In certain @dvaRagesis eabodimentslofihe iventibhenededtidermsefionsHaveBeen achieved
using the gliganucieaticiesiaf dhe iventien. Incestain, embodimentsythe; aligonugleotide Maj s
incorporate a potential insert that is to be inserted in the acceptor strand. Such an insert may vary in
length frorh“ £ 8 458 Kb fh0-RcIEGtdest 1T & sitifid Way THELrtdiR EMBSHMERT, teltions can
be introdus:edco)IS@nﬁard@&gthmiatigms@fr@mkﬂgmc_]aO(TNEcIeotidae_sr)ammamjmta;trhemb@dmws, at
least 10 54 ofihenucigalidies Jp fhe plloenudledide s (eRipced by iz propynylgledysoupiarpart, In
odiment Iy y

cle
certain em s at least 25, more preferably at least 50%, even more preferably at least 75% and

in some casdd it i preferead that st d6ust 003% ot tHE NMEEBtidés aFe rEpacEtrBy thefripropyayiated
counterpagtsy 1 1 A Prepynyl groupisia three garban,chain witha triple;band. The triple bopd ds
covalently bound to the nucleotide basic structure which is located at the C5 position of the pyrimidine
and at the“7-pBEf&H BEtHRYBUrNe HEG ot de (Fig ). BOHH EJto8ine dndturdtit fréplatin thyntidine on
the oligonueleotide) can bewequippedhwitiTTE-propynylgtoyp, resaltiag th &5spropyny-cytosine and
C5-propynyl-uracil, respectively.. A single C5-propynyl-cytosine resi increases the T, by 2.8C, a
single CS?p%%p)?r?il -Brasgal%béy % %%flilr%%ﬁlle?%e? al. r{ggﬁg%e%%ﬁ%ér;? Egttétr%sl%m 1003-6; Lacroix et a/.
1999 Biochehtistiy 38 P8931e 901 Ahmaliahldtey. £998 Nbeleid AbidsiRes 281 812713135; Colocci et
al. 1994 JAmChenSac EL6: 185515786)a Thisds aitiibytedite the hydrophobic-naira of L-nsapyne
groups at the C5 position and it also allows better stacking of the bases since the propyne group is
planar witA18spédtd théfidteYddytlic bale SO HiSinpriGed BT propertds gl*ﬁf%onucleotides
containinga€bipropyne sulistiuteslpyrinaidinecgrofips das betaexpleitedtb@itena cetlukar @socess. An
antisense,oligonuycleqti ini -pr. e 950 form e lex with i get
RNA, oadng 1D St asb i he o of S Srbosion (et ot 1004 SSiehes 260:
1510-1513; Flanagan et a/. 1996 Nature Biotech. 14°1139- 1145; Meunier et a/. 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
modificatinne ac altearnativec for the chimeriec moleciilec 1iced in TNE However there ic no indication



subjecting the DNA to be modified with the donor oligonucleotlde in the presence of proteins that are
capable of targeted nucleotide exchange, for Instance, and in particular, proteins that are functional in
the mismatch repair mechanism of the cell. Without being bound by theory, Improved binding
affinity is thoughttorinereasedbe dikeliftbogthat an eligenucieottde finds and rermaksdavnd to its
target, thus improving the TNE efficiency. Many different chemical modifications qf the sugar backbone
ot he Dok Lo O TrSGas i ottty T Doant RS Nohevr. (hte 1 Tobon LNA
modified oligdiiléutiles and fouhd tkatdhbir aetivity MTTNE a5 dependent on the position in the
oligonucleotide. As used herein, the capability of the donor oligonucleotlde to Influence the TNE
depends on the type, location and number or relative amount of modified nucleotides that are
Incorporated in the donor oligonucleotlde. This capability can be quantified for Instance by normalising
the binding affinitys(or ke binhtling energyd Gibhs=Freerraergypdatween convemtional nucleotides at 1,
1.e. for both Al and GC hindings, the binding affinity is normalised at 1. For the qli cleotldes of the
present in\rlgrﬁ?(?nlt %SL e a%VegEalzr?diﬁé: n%'ﬁ%lgtjf @eéf °of each rl]%%gli‘?zi%%nnulgﬁeotigg %gog . This is
exemplifietkipral formofrbelbad 11 1RBA GeE RBA(Nadified)- EERBAS(unictified) be0 t 1dgVitdiein RBA
is the totabelgtiveinding<affinit, RBA(Madified),is the, suanef the relative binding-affinity of the
modified oligonucleotlde with a length of n nucleotides and RBA(unmaodified) is the sum of the relative
binding affinity 8Pthe thnmddified bligMrdeSidiowith atBRgIATGTHA MucledltBSs ST EnfplESan 100
bp oligonugleotide dentainsd Comoditicatieris; each wWitta relative binging affinity of 1.1. The total RBA
then equals: RBA =[(10*1.1) + (90*1.0)1 - (100*1.0) = 1. Note that the definition of RBA is in
principle Independent of the length of the nucleotide strand that is compared. However, when RBAs of
different strandsRes coapbieniteS pidterraavieatthertrands have about the same length or that
sections of compgrable length.are taken. Nate 1hat RRA,fogs ot take, Intg aceount that modifications

can be grouped together on a strand. A higher degree of modification of a certain strand A compared
to a stran@ BHUS Mhéan<Cthaf RBIIAT SIREAB)C For bpsfcarm ™t d&Wnstré4th sections,
corresponsingydecat) RBAi values mayNoe definediard ysedblie asgommesiatethesr:9 - effect of the
position of tpreomo ifiegonui_f.éeotidgcae wgi hi% ctor cr?ntl%e Inéroorduggd Irrlltg .tIQe RB,?\H v Iiulgiggr
Instance, the effect of a modified nucieotide or the donor oﬁgonucﬁeolli)(fe a&jagerlftriocf € mismatch can
be larger thanlthatofde modifter Aucl€otide that isSlocated atatdistahcENiveaautléstides removed from
the mismatgh. |0 the gontext of the,present ipvention, RBA (Bopanz RBA (f%ﬁ%eoq_t/gr)- £ndhn certain

embodiments, the RBA value of the Donor m%}%be at least 0.1 larger than the RBA of the Acceptor. In
certain entdsifitRhts- BYE REA Galie bt 8¢ DbRoF nfay Be'at [LASCEROHR 604 (75, §'896 7 9%, 0.9,
1.0, 1.5, 2oy 2.6 dargee thainthe RBA o dhe AceeptgsRBAstiesGarbe desxead from conventional
analysis of the modified binding, affinity of the nucleotide, such as by molecular llin
hermody A Ee HRETe Sl R Rt o 6 2y o B B ey o ok of T
differenceldretween prdifiet and einnodifiedodtrdids. Alternatively, the RBA can be expressed as the
difference in Tm petween the-unmodiied.and.the modifigd strand o gither Ry jmeagurement or by

calculation using conventional formulates for calculating the Tm of a set of nucleotides, or by a
combinatiBR bf taiéuRtion dHPrhEaSErerEntsC B+ dhe-GorrdrtigoRudiibtidés aécoramgtBtne
invention mayxoniain futberamodificatians toilmprove the: bybridisatiDmeharacteristics suchi that the
donor exhjbits Ingreggedaagfein'twao%}tlhentoa]g%%tlDQIAmst%npiseo t ]gtnte%cgla 5))1'1 olfttge donor is
promoted.t‘iiﬁg%lonor g‘ﬁgonucleojfl € can also be turther modified to becortie’ more resistant against
nucleases; i@ stabiliselthe atiglex oy ghadrupiex SiMbctore Medificdtivhiciehe ¢ N modiflezbdonor
oligonucleptides of the inventian gap cemprise phosphorothigate medifieation, 2-QMe-substitutions, the
use of further types of LNAs at the 3 and/or 5' termini of the ot;i%onucleotlde, PNAs (Peptide nucleic

ands), rgbthutlebideana dther BASEEMAE hfudifiesS préferabi 8ARaT st thé<Bility of-the hybrid
between themligenucieatide aad thae acceptor strand. DNA PRcgnyrusefikameng sueh saodifications
are PNAs_winch are oligonucleotlde an ues where t oxyrlbose,backbone.of the
s R Bl e et el sic il L AT
repeating emits ©f N ¢2-anThroehylp glyemedinkedahoughaarieeilsondss Eachisubuait of the peptide
backboneﬂggg%@e%pf@rmyg 0@@564%'@99@@&9%%%@@@%%&6 %@@&5@&)&90‘%@””91

non-naturally occurring or modified base. PNA oligomers bind sequence specifically to complementary
DNA or RRAGRitA liRperHififity-thah &thet TA Or KRR AStoraingly? i résuftiny PRAMSNASH
PNA/RNAtthuplexes/havelikpes anelting temperadures(T nt)olneaddition;, thed nt of the=RNA/DKA or
PNARNAfuplexes 5 MUeh less sensitiye 4o salt concenration than DNADNA or DNARNA duplexes.
The polyamlde ackhone of s s also more resisfant to enzymaﬁc ]aegrad%ltlon. 'Fhe syntﬁesis of
PNAs is described, for example, in WO 92/20702 anél WO 92/20703, the contents of winch are
Incorporated herein by reference in then- entireties. Other PNAs are lllustrated, for example, in
W093/12129 and limited States Patent No. 5,539,082, Issued July 23,1996, the contents of winch are

Incorporated herein by reference in then- entireties. In addition, many scientific publications describe
the evnthecic of PNIAc ac well ac their nronertiec and 1icaee [|ee for evamnle Patel Natiire 10090



In certain embodiments, the ollgonucleotlde is resistant against nucleases. This may be advantageous
to prevent the ollgonucleotlde from being degraded by nucleases and enlarges the chance that the
donor ollgonucleotlde can find its target (acceptor molecule). In certain embodiments of the
invention, the auslestide in theroligonuctestide at dhe position of the misimatchroanllee: modified.
Whether or not st}%% migma}jc@tcatqqtée (r:nodéfi% wgl dei)einsd toa L?r%% extent on th?1 aecFact mechanism of
the targeteg Aucleotde exchange or of the cell's ISﬁ repair mechanism using t%e ifference in affinity
between thé donor ahd @ictdptor srands. T samelholdsifor teel eractlecatiotesf therother modified

positions ig;the Neighbourheed o uicinity of the mismatch. Elowever, based on the disclosure
presented herein, such an ollgonucleotlde can be readily degri%ned and tested, taking Into account the

test procedures for SuRABIE DHgonlUBBHdes ad aB8Scried hérei EReWhEFE Sn TéftafierhBodiments,
the nuclecitde=airthe pogitioadi the tnismalckois nH: smatiified: Ha certaini embodimenis handification is
at a positi ne nucleatide away from to the mismatch, preferabl 3, 4,5, 6 or 7 nucleotides away
from the TSR T St o Ene, BTSN oAt 5o At bam from the
mismatchtirecertais ensbodimentst gdificationhtis Iotated ard positibadpstdeam from the - 22 -

mismatchg lgertain emboadiments. the mogification islocated-fram 10,bR te, kB fram the mismaitch,
preferably from 50 to 5000 bp, more preferably from 100 to 500 from the mismatch. The
oligonuclédtides Aratdfe useahs orits TaRVahy i BRGIFBUL geherdllydry $7T6Hgth between 10
and 500 nvcleptides,1with adareferendastor lintoiO0cnueieotidest peeferably froeels {os98mmore
preferably from 20 to 7Q most preferably from 30 to 60 nucleotide n pne aspect, the inyention
portains ) SiRedod o F ot Ao ot e dos St B L e 1S e
combining-thetd@iiex aecsptdi DNROsequetice ity a domof bligerirdiedtidet whekein the Hbplex
acceptor PNAsequenee coptains gdirstINA sequence and.a-secondDNAseauense which is the
complement of the first DNA sequence and wherein the donor oligonucleotide comprises a domain

that comphis€S &t flead ¥R Migmatch With FESPELETo el ddlex SREptdI DRI Séquidrite 3 e altered,
preferably with r@spech te thenfirst BiN&n sequericey and svheteinha sectiongefrthe denot akgonucleotide
is modified with_at least one LNA and at least.one propynylated nucleatide as tq express a higher
degree of%?ﬁlnlt%/lt%ltﬁg first DNA s%aﬁgngeﬁ%gm%grgdg f}’(l)lgr% %ﬂ%o%ﬁm%e%denicc?éo%dletatgtﬁgt position in
the oligonuieiedtidé lir the piesemiee dfproteinsithalafecbapable of takgeedasucidotile exchange,
wherein the; LNArs positioged Bt a-distanee of at least gae puglgotide VistAnvis the mismatch.  The
invention is, in its broadest form, generically applicable to all sorts of organisms such as humans,
animals, prafta 1 figH: 18pti I@%,tiﬁsggté,pfﬁﬂ@?f%%c%?%léﬁt? g0 BT FRE ifJEhtion iS ApBfcibie for the
modification of any typeyafiDNA] sach 4s &¢Alderived frona gedomic PNy, lingarnDhA, artificial
chromosomes, Qé‘%'le&é%W%%ﬁ%%'s[”t\:'ﬁeor eé"f&!i‘éﬁ%ﬁ%%%?’?ﬁkmé'@’%“%%%%%%Jhe Invention
can be performed in vivo'as well as ex vivo. The invention is, in its broadest form, applicable for
many purposesrier akeringaell, corfe@mgtd Mmutation By Festeratibh o HVilditgpenaducig W
mutation, {fRg§vating an enzymeby: diseption of epdinggegian, medifying bioagtivityfs 23 an
enzyme by altering coding region, modifying a protein by disrupting the coding region. The
invention B8 r8RtéSto thé f oligonucleotldes essentially as described herelnbefore, for altering
a cell, correctingTaomtitationshyirestoratiom fe wilddype,dndycing aguutatipapinadtigating an enzyme by
disruption,of coding regian, madifying ploactifty.af an.enzyme by altering seding regign. jnodifying a
protein by é}srupE[)ing the cgding region, mismatch repair, targeted alteration ofp( anit genetic material,
including §&sd AREASTT targeted gene rasdi ai®gene kndekout L 19 Thadageritiohfutthel itates to
Hits, comprising,ene ¢r grore@ligepucigatides as defined;herein, elsewhete optionally inyeemhination
with proteins that are capable of inducing targeted mutagenesls and in particular that are capable of
TNE.  ThE ifVE8ntidh fdrftdrtefites W hodified gatietic ThafdTial 8Bthirfed By tHie’méttiod of the
present invEaAtiay tacely and osganismsdhatcomprisenthdemodified genetie matenal, to plants or plant

parts that aiq s0.9biainsd: 4 e delivery of theigonuslestide sanbergehieved via electroporation

or other conventional tec nigues that are capa Ivering either to the nuc?eus or the cytoplasm.

In vitro testifRFof ke aietfod of e picdent inventier can bechdhieedusiAg the Ceft Frée system as is
described lba+iRiW0RY/8794 40 WARSIA27260; WR99/88702,0N001825124 atThe yentiar is, in its
broadest form, applicable for many purposes for altering a ¢ell, correcting a mutation by restoration to
wild type, TIUCHTY & AutAHGH. ihActvAHRG B ehZying B didtaptio of doding Pedibfi Zmdaiifg
bloactfifityaofcamenzyme by@iteriig tcodingureion; edifying-a aeteth iy distoqptingfthe coslingyregion.
The invenfign alsq ielates 1@ i, pse aloligenurieotides essentialiias descibpplierelobgipre for
altering a cell, correcting a mutation by restoration to wild type, inducing a mutation, inactivating an
enzyme by disruption of coding region, modifying bloactfifity of an enzyme by altering coding region,
modifying a protein by disrupting the coding region, - 24 - mismatch repair, targeted alteration of
(plant)genetic material, including gene mutation, targeted gene repair and gene knockout The

invention further relates to }Hits, comprising one or more ofigonucleotldes as defined herein elsewhere,
ontionallvy in eombinationn with nroteine that are canahle of indiicina taraeted miitanenecle and in



The invention further relates to modified genetic material obtained by the method of the present
invention, to cells and organisms that comprise the modified genetic material, to plants or plant parts
that are so obtained. The invention relates in particular to the use of the TNE method using the
LNA and propytne-modified ofigonuciectides<ef the imnvention ¢a previde ferrherbisidesresistanassin
plants. In Bgrrtié:ula&tlh% \izné’ﬁnvtqicl’@ﬂelf‘tess tgtplg?lts tg%t h%vceib%%nl reosvide.d with lr%séigt]ggce against
herbicides, in paratlcufar sulfonylurea herbicides fe.g. ckﬂorsuﬁuron@ and gjlyﬁh’osate. The invention
further relates toa metifodfor ircréasiag targetednticlaotides excrrangereificiensy of-a duptex DNA, the
method cQmPising §ke S (@) ohtaining an.ofigonuclectide semprising:a domain that is.capable
of hybridizing to a first DNA sequence of said duplex, wherein said domain comprises: (1) at [east one
mismatch"fith FESpEECbHh8HFSIISNA 'sequence; and (11) at least one modified nucleotide having an
Increased bindingwaffinity, andd)decreasiag thexdistance ketweepsachmodifietdnuclenetidesand said
mismatchit% abgggg r fev\vfg&nul%leot%lees; aﬁgéc ) reco erin%zl;lg ogi gn%%leg lde £%Ajsse in targeted
nucleotide e%:nange. His'method-is based on the observations that the limitations given in the prior
art for the dfigonueldotfite . aohereqdirerheapthat rrodisteensatwern ¢ide Aismateh amd the
ofigonucleatide muste; at lsast 8 pugleotides, ispotia krauirement of the ofigonuclgatides of the

present invention. As can be seen from the appended examples, ofigonucleotldes that contain one or
more modifistF iGdiEotides are Moreefiicieht M TNE thaH the aRMUdetsfiddiuciéiife e The
invention fusthet relates totan efiganutlecildedor tafgetedralteratign-effa duplex BNA] whereis said -
25 - oIIgong%Ieeotlg:eegggfn%ifesgltd rgaigtthat is capable of hybridizing to a first DNA sequence of said
duplex and said domain comgrises: afat least one mismatch with respect to the first DNA sequence;
(b) at least one séertheymesiaphsingat ldastofe Imsdified abcleotidé havinbeat ideeased binding
affinity, wherein,said modified pygleptide is,a tNA ona prepyns medifiedhuglegtider(as described
herein elsewhere, wherein said modified nucleotide is positioned at most 8 nucleotides from said
mismatch 1 TFPCERATA eitb stiRBAtEHe S tio RS EEmpHEES FHG OF froré Miodifidd REcieBides selected
IndependenthsisamcanongsiasL NA ardea propyneimodified muatedtidess described heseinalsewhere.
In certain smpodiments, the.LNA s positioned at least one byt not more than & nycleptides from the
mismatch’ [ certain emBood?ments, the madified nucleotide is positioned at most 8 nucleotides from
said misniatcty Id teftapnémbeditherits Ahemadifie® huEldbtide i pesitorias at mdsPe mieitbtides
from said mismatch. §yeertain embediments, the madified puglegtide is positioned at most 4
nucleotides from said mismatch. In certain embodiments, the modified nucleotide is positioned at most
2 nucleotides frohSal fiffiHtcH. N Te i embobitHent8 e bigon bR otidd eBMbYiSes domain that
is capablecofrhyibiielizing tonthehfirst DNA seguience af dhey duplexnwheeein sae demaimeemprses 2
LNAs. Furthermgre, An ollgonucleotlde for targeted nucleotide exchange of @ duplex DNA, wherein
said S1gon BT e O3 & f et N, SR TR it e b atrand of

said dupleXtDN®@s whebeih salidh nielificdlimgcl edtideor osftivhedstb out d nuclestiraway fraimsaid
mismatchpPegcripfioneithe FHgwes 1 Figwe d: SehematicJeprasentafion of targsted:nuclgetide

exchange. An acceptor duplex DNA strand containing a nucleotide that is to be exchanged (X) is

brought I8 ChhtaCe witha LAY E55T6P3TE Fyrimiting fbdifed’ @ordrbligohtdRottdd s 58 -
(schematigallyvgivenias NN BN Bdaly NN HEN ) gentaining the nucleotide to be Inserted (Y). The
acceptor/donor sﬁﬁgt re ei% 8 tgjeg@getgtolr ?(O% pltsintoi%oncg%%t vgig n @n&rgnrlngggthﬁ&s capable of
TNE or at least wit p%)teins%hat are capaB e ogperforming TNE, such as are known as the cell-free
enzyme niigidid 6pd celldreerexiact {sée 9.0 WoRorss7020 wWoba 730023, thEjyure @i Chethical

structuresQf 2spropyRyk-deexyRGL s Srpropyydeoxycytosieduce specific genetic
2'-Deoxy-7-propynyl-7-deaza-adenqgsine and the 2'deoxy-7-propynyl-deaza-guanosine and locked

nucleic acid$ " IEigire B188queie &1atsid o the A" P 1861184 codSh ampifidd fFdn Rerbicide
resistant tepyata oathl éndividuakP EReprodactsoners=claned and seguehcedinrthisilhstancea Edamples
Example 1: TNE i Il'f e 011go | ntainjing CS- yne pyriml S, LNA
nucleotide:z]C 8r E?n%%%%eﬁgﬁs tsrr?(;%rggf% vtlvggje}p%a/rc]h:l[a&sé}%J ﬁ%en?lfg '?r%liﬁrigB%e@chg; (%Le%n%L riknér %)Fbﬂg%ags%e
011gonuciestries cohtsining GthéripbdiiedniRfectides Were puréfasedfrdm®Eogéntec. The

sequencegof the gligonuglentidesusedare shown in Table 1. The plasmld used in the experiments
was a derivative of %CRZ.l (Inyltrogen) that contains genes conferringﬂboth kanamycln and

carbenlc1111n resistEEE PIaSmid KMy 2250 RES ASAT 5 TRE Mltationvat'totiBh 192 in the
kanamyclh @RE okncplasmid Kiney 228 thetthird ructeotide«f thef 22 todon{TAT) s deleted to
produce a frame shift. n,both plasmids, the kanamygin, QRE has been guitated,at fhe sape position.
Thus, a single ollgonucleotlde can be tested for its efficiency to produce nucleotide Substitutions or
insertions by incubation with either KmY22stop or KifiY22A respectively. Km WTGAG AGG CIA TTC
GGC TAT GAC TGG GCA CAA CAG - 27 - RLFGYDWAQQ KmY22stop GAG AGG CIATTC GGC
TAG GAC TGG GCA CAA CAG



RLFG* KmY22AGAG AGG CIATTC GGC TA GAC TGG GCA CAA CAG RLFG* The relevant
sequence of the kanamycin ORF and the amino acids encoded are shown. The single nucleotide
substitution and deletion producing a stop codon (TAG, *) were introduced as previously described
(Sawano eta/g2006 Nugcleic ATids Resn28: @78y, Thessequences:of dhe eliganicleatigde used in the
experimenttg]gr% hownuggggliggnu%%%tideu ig(?iin re ioen IS u&ijg{lg:naedio%thg Iéanarg%ccin (%RF. Cell
free assays ICelPfrde assays weérée per]fgrme as folfows. Fiower buds from ,&rarﬁ]lodaopss t%aliana
(ecotype ColRGpnereceaiiected &nd Ground Gider hitkdgen 200pe tprdtein iselationdsidffer 20mM
HEPES piZ.5, 50 KC 1L, 5mM MG 12, 1omM T 10% viy) glyeerohddh (wiy) PVP) was added.

The plant debris was pelleted by centrifugation at 14k RPM for 30 mins and the supernatant was
stored at 0% FHeArot8in %Sn)é@rﬂréﬁ]oh%gél MeHSEreE using the Narfo®rafge KitMolecular
Probes, Inc) sAdypieal isolatiesT restiteddy a (aroteih coneenteationfofapprexisately 3-4pg/pl. The cell
free reactions contained the following c onents. 1pg plasmid DNA (KmY2 r KmY22A),
1001 of S e Rotcles SO Tral Sk BB Ape DSttt Shmbh Sy SRATAS S, 231
protease ipfbitor MiREEeshc: Complete EDTA-free protease inhibitor cocktail tablets, Roche
Diagnostics), 501, 2xicel freegeaction buffer (A0PmM Jtis, PHZ 5, 200mM MyG12:-2aMBT!, 0.4mM
spermidine, 50mM ATP, 2mM each CTP, GIP, UTP, 0.1mM each dNIPs and 10mM NAD) made up to
a total volGRfe SPICEDLSHItR Water® Themixturé WS REub &S &t B7efor LT The PHESHII'DNA was
then isolateskas: thllewsa 200 p b H120cnas added ta each eaationivinciease thenwalumenfollowed by
200p1 alkgling bffered phenol (ptg-10), This was yorigxed brigfly gnd fhon eniifuged and. 13k rpm
for 3 mEns. THe upper agueous phase was transferredl {0°a new tube and 2 %pl chloroform was then
added. ThieoWas emteked brieflipaspumtatsi3kerpin foflBmEns ditbthécarfieous phase transferred to a

new tube. he,BNA-Was preepitaigd byaddition-efQ.4volume 2:prapangkand the; pellet iesuspended
in TE. To eliminate any co-purified oligonucleotEde the DNA was passed over a Qlagen PCR

purificatioR TBlur ARG tRE PldshES DA BRUtEd h B FiRaFvolaneorsbsi2Bps bf i d BI¥A was
electroponatecttoc18ploEPHAOB: (lnubtiogen)telectracompetenbcelisr Aftet etectrioporation the cells
\(,:V()er:ge?‘]llt?;_\cté%% %J?rlecog%r in_S Ctrggdiryng: I%rojth{ A 37C. After this period kanamycEn was added to a

180pg/rr11:f15 1 the ceﬁlls were Incubgﬁa%h orrlg l:II’theI’l3 hours. The electroporation
efficiency was calbulatedhye cammtiigrthesuiiisér of fcoldifies bRiiddPfrorhi& $04 manBNKO5 dilution of
the electrapgyation plated oHt en carbenicElingentaining medium. The JNE.efficiencyavas calculated
by dividing the number of kanamycEn resistant colonies by the total number of transformed cells
calculated fFOMThe Mufnder 'S CansenEc B FEtTstantcdioniés "Re8 Ef frel Expehmetits using
KmY22stopeThe inedified nueleatidesiintogpdratedoinrthe tdigaiuceotiZdes<showrhia table 1 are as
follows. ethylphos honates (M e non-ionic nucr!] ic acid an Ig S in 0 tgi Ny lease
resistant m 8%y%%%%%ﬁ§ﬁat§iniéaé@ ?%{sté%d %ﬁ%eoﬁatu%aﬁ I§ c}%%%%%l ng%negl\l;a{:'uvae%y r(%haér]getéCC

phosphodiesiérseridst Thehhave Beehextensivelh esel in ARtESERseRipproachestifdnammalian
cells.  Grzmethylated prEmMEdENg deaxuwicleotides (GMe«wit)are knoww, todorm mare stable

duplexes than their corr,espondin% pyrEmEdEne derivatives. For example, substitution of

5-methyl2%Ge&tyiedE e fBRE-HE Y has ebh shown I crédae e Th B§ 123¢€ paf suBdtitution.
Synthesistafs-depropynyl pZ'- deexyursEdiEne{pdU) and 5-(1-propynyl)-2'-deoxycytEdEne (pdC) has
demonstrated th%hp]%tfq%y ggt&ﬁiogg Qtﬂ@gc%gggleélsé%bilgge§ugégyg% 9f methyl with 1-propyne at
the C5 position of pyrimidines allows better stacking of the bases since the propyne group is planar
with respect 6 tHelRéterdcyefic BiSe SAfhe Sanfe HME) Bropyneds hisrBHyHrepholie than methyl and
this propegty contribiges furthes to apdnerease.in bindingabupiex bingding.is enhapgad by 1.7C per pdU
and 1.5C per pdC residue. Morpholino oligonucleotides are DNA analogs in which the ribose is
replaced &?gﬁd‘rﬁ%l}rﬁ& Fhoiety aldSphusphofdarfitate MerRUBEHtinkayedare Ustdlinstead of
phosphodigsterrbanasi They aré uged exiensiviehe fortgene knoekautestudies in zehradish<&enesis, Vol
30, 2001 Theyhave alsg heenyserLin carect aberant splicing.of 3 puigat [3:olabia precyssor
MRNA (Lacerra et al. 2000, Proc.Natl.Acad.Sci. USA 97, 9591-9596). Locked nucleic acid
(13-D-LNAY:. fitstitfeseAiBed by Wengel and Po-aiorkers (REsikiR@E &L 1998, Tetrahedron 54,
3607-3630;1Shgh et 84 k998 £hem. Commun. 455-456) and by Imanishi and co-workers (Okiba et a/.
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 a/. 2002,

J.Am.Chem.SocD1%4,.5_|_97Cff-§9828.r1'hi§.%reag)éegﬁancl:_eﬁsvter}el:tajfgrﬁity towards DNA targets improving
Tm of an oligonuc?eo?l eeby T perpln roquced LNA monomer compared to unmodified duplexes

(Wengel, J. 2001, In Crooke, S.T. (ed), Antisense Driig Technology: Principles, Strategies and
Applications. Marcel Dekker, Inc., New York, Basle, pp.339- 357). The properties of a stereocisomer of
13-D-LNA, the CI-L-LNA, has also been studied. It is well known that 13-D-LNA is locked in a A-form

with compelentary DNA, however duplexes between aL-LNA and DNA adopt a B form (Nielsen et a/.
2002 Chem Eiir 1T 2 2001-2R0090) which ic the natiiral form of doirithle <tranded DNIA Diie to their



Oligonucleotides bearing the 6-chloro-2-methoxyacridine molecule at either end or within 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 applicatians where iceeasechstabilitycofoligonueleatide hybrids iscariciah Addittan akthe dye
to an oligqinou]gl Oéi](:jee% ée%r%itﬂ%sé ags,&%rgteoc%s ghed%iﬁ?g}gcﬁ@gde efro&rel exgnu | ase de ra}gation.

The 2-amino adenire bin ing to t]ﬁymlne is intermediate in s abilﬁy Betweer A: anghéc? PHase pair
stability diélfo thecfeematios ofian additional hydrogeRbdndequeTlve 2a0dmethyemesicotidés, such as

2'-0-Me iqgg'@@e areresistant toa varety of gborand dggx&gr}i@r}gﬁeba@e]g@d@ é‘?{&% moggétgble
hybrids with complementary sequences. Table 1. TNE efficiency of 0I|%onuc eotides containing
modified SliybRAEIROHEES & cEffrRE ds5ay. SEEAT 4 B11§8huciEotidd 3R Gende
ModificatiaRjpoobt 46i TNE efficl T igigecoagicgtagaegaatagaiNorie 25 202 comprises

tgtgcccaggCCngaegacggagtnagc E-D-LN@hllw%%lQ.Sw.S 3 %

mismat respect to the first DNA sequence,
and wherein the oligonucleotide comprises at least one 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
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.

In one aspect, the invention pertains to a modified
oligonucleotide for targeted alteration of a duplex DNA
sequence. The duplex DNA sequence contains a first DNA seqguence
and a second DNA sequence. The second 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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TgTgCcCaGtCgTaGeCgAaTaGe E-D-LNA,1,3,5,7,9,11,13, 15,17,19,21,23<0.14 4
tGtGcCcCgTcGtAgCcGaAtAgC E-D-LNA,2,4,6,8,1012,14, 16,18,20,22,24<0.155
tgtgcccagTcgtAgccgaatage E-D-LNA,10,14 5 + 1 6 6 tgtgcccagTcgtaGeegaatage E-D-LNA,10,155 + 1
77 contains at most about 50% LNA modified nucleotides in addition

to the at least one propynylated nucleotide.

The domain that contains the mismatch and the sections
containing the modified nucleotide(s), whether LNA or
propynylated, respectively, may be overlapping. Thus, in
certain embodiments, the domain containing the mismatch is
located at a different position on the oligonucleotide than the
section of which the modification is considered. In certain
embodiments, the domain incorporates one or more sections. In
certain embodiments, sections can incorporate the domain. In
certain embodiments, the domain and the sections may be located
at the same position on the oligonucleotide and have the same
length i.e. the sections coincide in length and position. In
certain embodiments, there can be more than one section within
a domain.

For the present invention, this means that the part of the
oligonucleotide that contains the mismatch which is to alter
the DNA duplex can be located at a different or shifted
position from the part of the oligonucleotide that is modified.
In particular, in certain embodiments wherein the cell’s repair
system (or at least the proteins involved with this system, or
at least proteins that are involved in TNE) determines which of
the strands contain the mismatch and which strand is to be used

as the template for the correction of the mismatch.

LNA variations

A Locked Nucleic Acid (LNA) is a DNA analogue with very
interesting properties for use in antisense gene therapy. LNAs
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.

_ll_



tgtgcccagtCgTagccgaatage a-L-LNA,11,13 0.3+0.2 8 8 tgtgcccagTCgTagCCgaatagc
a-L-LNA,10,11,13,16,17 <0.1 9 9 tgtgcccagTcgtAgccgaatagc p-D-glycyl-amino LNA,10,;E-D- LNA,14
<0.1 10 10 tgtgcccagTcgtAgccgaatage p-D-adamantyl-amino LNA, 10; [3- D-LNA,14 <0.1 11 11
TGTGcccagtecgtagesgaATALCly, it combines the ability to discriminate

between correct and incorrect targets (high specificity) with
very high bio-stability (low turnover) and unprecedented

affinity (very high binding strength to target). In fact, the
affinity increase recorded with LNA leaves the affinities of
all previously reported analogues in the low-to-modest range.

LNA is an RNA analogue, in which the ribose is
structurally constrained by a methylene bridge between the 2'-
oxygen and the 4'-carbon atoms. This bridge restricts the
flexibility of the ribofuranose ring and locks the structure
into a rigid bicyclic formation. This so-called N-type (or 3'-
endo) conformation results in an increase in the T, of LNA
containing duplexes, and consequently higher binding affinities
and higher specificities. NMR spectral studies have actually
demonstrated the locked N-type conformation of the LNA sugar,
but also revealed that LNA monomers are able to twist their
unmodified neighbour nucleotides towards an N-type
conformation. Importantly, the favourable characteristics of
LNA do not come at the expense of other important properties as
is often observed with nucleic acid analogues.

LNA can be mixed freely with all other chemistries that
make up the DNA analogue universe. LNA bases can be
incorporated into oligonucleotides as short all-LNA sequences
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 a-L-oxy-LNA shows superior stability against 3'
exonuclease activity, and is also more powerful and more
versatile than BR-D-oxy-LNA in designing potent antisense
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Methylphosphonate,1,2,3,4, 20,21,22,23 <0.1 12 12 TGTGCCCAGTCGTAGCCGAATAGC Morpholino
<0.1 13 13 tgtgCCCagtCgtagCCgaatagC 5Me-dC,5,6,7,11,17,18,24 <0.1 14 14
TGtgcccagtcgtagecgaataGC 2'-0-Melnoolne,1,2,23,24 10.25 15 15

oligonucleotides. Also xylo-LNAs and L-ribo LNAs can be used,

as disclosed in W09914226, WO00/56748, WO00/66604. In the
present invention, any LNA of the above types may be effective
in achieving the goals of the invention, i.e. improved
efficiency of TNE, with a preference for B-D-LNA analogues.

In the art on TNE, LNA 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
LNA modified single-stranded DNA oligonucleotides enhances TNE
efficiency significantly to the extent that has presently been
found when the LNA is positioned at least one nucleotide away
from the mismatch and/or the oligonucleotide does not contain
more than about 50 % (rounded to the nearest whole number of
nucleotides) LNAs.

In certain embodiments, the oligonucleotide comprises a
section that contains at least one, preferably at least 2, more
preferably 2 LNA modified nucleotide(s). In certain
embodiments, the section on the oligonucleotide can contain
more than 2, 3, 4, 5, 6, 7, 8, 9, or 10 LNA modified
nucleotides.

In certain embodiments, the at least one LNA is positioned
at 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 the mismatch.
In a more preferred embodiment the at least one LNA is
positioned at a distance of 1 nucleotide from the mismatch,
i.e. one nucleotide is positioned between the mismatch and the
LNA. In certain embodiments relating to oligonucleotides
containing more than one ILNA, 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) LNA
modifications of the oligonucleotide, the modifications are
spaced at (about) an equal distance from the mismatch. In other
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TGtgcccagtCgTagecgaataGC 2'-0-Me inosine, 23,24 1,2,11,13, <0.1 16 16
tgtgcccAgtcgtAgcecgaatagce 2-amino-adenine, 8,14, <0.1 17 17 tgtgcccagTcgtAgccgaatagce
6-chloro-2-methoxyacridine,10, 14

words, preferably the LNA modifications are positioned

symmetrically around the mismatch. For example, in a preferred
embodiment, two LNAs are positioned symmetrically around the
mismatch at a distance of 1 nucleotide from the mismatch (and 3
nucleotides from each other), i.e. ... (LNA)-N- (Mismatch)-N-
(LNA) ...

In certain embodiments, at most 40 % of the modified
nucleotides of the oligonucleotide are LNA derivatives, i.e.
the conventional A, C, T or G is replaced by its LNA
counterpart, preferably at most 30%, more preferably at most
25%, even more preferably at most 20%, and most preferably at
most 10%.

In certain embodiments, more than one mismatch can be
introduced, either simultaneously or successively. The
oligonucleotide can accommodate more than one mismatch on
either adjacent or removed locations on the oligonucleotide. To
this end, the oligonucleotide can be adapted to accommodate a
second set of LNAs that follow the principles outlined herein,
provided they do not interfere with each other’s improved
binding capacity or retained biological activity due to the
particular conformation of the LNAs in the oligonucleotide,
i.e. preferably spaced around the mismatch at a distance of 1
nucleotide from the mismatch. In certain embodiments the
oligonucleotide can comprise two, three, four or more mismatch
nucleotides which may be adjacent or remote (i.e. non-
adjacent). The oligonucleotide can comprise further domains and
sections to accommodate this, and in particular can comprise
several sections. 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
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

_14_



<0.1 18 18 TgtgcccagtcgtagccgaatagC 6-chloro-2-methoxyacridine,1, 24 <0.1 19 19
tgtgcccagtCgUagccgaatage pdC,11, pdU,13 3 +1

achieved using the Cell Free system as is described i.a. in

wo01/87914, wWO03/027265, WO99/58702, WO01/92512.

Propyne modifications

In certain embodiments, the oligonucleotide comprises a
section that contains at least one, preferably at least 2, more
preferably at least 3 propyne modified nucleotide(s),
independently selected from amongst C7 purine and/or C5
pyrimidine. In certain embodiments, the section on the
oligonucleotide can contain more than 4, 5, 6, 7, 8, 9, or 10
propyne modified nucleotides. In certain embodiments the
section is fully modified, i.e. all pyrimidines in the
oligonucleotide carry a Ch-propyne substitution and/or all
purines carry a C7-propyne substitution, the LNA modification
can then be located at the sides of the section. In certain
embodiments there are sections that are LNA modified and
sections that are propynyl modified. In certain embodiments the
section contains both LNA and propyne modified nucleotides. In
certain embodiments, the oligonucleotide comprises a section
that contains at least one, preferably at least 2, more
preferably at least 3 propyne modified nucleotide(s). In
certain embodiments, the section on the oligonucleotide can
contain more than 4, 5, 6, 7, 8, 9, or 10 propyne modified
nucleotides. In certain embodiments the section is fully
modified, i.e. all pyrimidines in the oligonucleotide carry a
C5-propyne substitution and/or all purines carry a C7-propyne
substitution. In certain embodiments all purines may be
propynylated and the pyrimidines may be substituted by LNAs or
vice versa. 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 in some cases it is preferred that at least 90 % of the
nucleotides are replaced by their propynylated counterparts.

Oligonucleotides containing pyrimidine nucleotides with a
propynyl group at the C5 position form more stable duplexes and

triplexes than their corresponding pyrimidine derivatives.
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20 20 UgUgCCCagUCgUagCCgaaUagC pdC,5, pdu,1, 6,7,11, 3,10,21 16, 17, 24, 6 +2 21 21
tgtgoccagTCgUAgccgaatagc p-D-LNA, 10,14,

Purine with the same propyne substituent at the 7-position form
even more stable duplexes and are hence preferred. Thus, in
certain preferred embodiments, efficiency was further increased
through the use of 7-propynyl purine nucleotides ( 7-propynyl
derivatives of 8-aza-7-deaza-2’-deoxyguanosine and 8-aza-7-
deaza-2’ -deoxyadenine) which enhance binding affinity to an
even greater degree than Cb-propyne pyrimidine nucleotides.
Such nucleotides are disclosed inter alia in He & Seela, 2002
Nucleic Acids Res. 30: 5485-5496.

In certain embodiments, more than one mismatch can be
introduced, either simultaneously or successively. The
oligonucleotide can accommodate more than one mismatch on
either adjacent or removed locations on the oligonucleotide. In
certain embodiments the oligonucleotide can comprise two,
three, four or more mismatch nucleotides which may be adjacent
or remote (i.e. non-adjacent). The oligonucleotide can comprise
further domains and sections to accommodate this, and in
particular can comprise several sections. 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 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).

In certain advantageous embodiments of the invention,
nucleotide insertions have been achieved using the
oligonucleotides of the invention. In certain embodiments, the
oligonucleotide may incorporate a potential insert that is to
be inserted in the acceptor strand. Such an insert may vary in
length from 1, 2, 3, 4, 5 up to 100 nucleotides. In a similar
way in certain embodiments, deletions can be introduced of
similar length wvariations (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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pdC, 11, pdU 13 9 3 22 22 UgUugCCCagTCgUAgCCgaaUagC p-D-LNA, 11,16, 21 10,14; 17,24, pdC,
pdyu, 5,1, 6,7,3,10, 13+ 1

in some cases it is preferred that at least 90 % of the
nucleotides are replaced by their propynylated counterparts.

A propynyl group is a three carbon chain with a triple
bond. The triple bond is covalently bound to the nucleotide
basic structure which is located at the C° position of the
pyrimidine and at the 7-postion of the purine nucleotide (Fig.
2). Both cytosine and uracil (replacing thymidine on the
oligonucleotide) can be equipped with CS5-propynyl group,
resulting in C’-propynyl-cytosine and C’-propynyl-uracil,
respectively. A single C’-propynyl-cytosine residue increases
the T, by 2.8°C, a single C’-propynyl-uracil by 1.7°C. (Froehler
et al. 1993 Tetrahedron Letters 34: 1003-6; Lacroix et al. 1999
Biochemistry 38: 1893-1901; Ahmadian et al. 1998 Nucleic Acids
Res. 26: 3127-3135; Colocci et al. 1994 J.Am.Chem.Soc 116: 785-
786) . This is attributed to the hydrophobic nature of l-propyne
groups at the C5 position and it also allows better stacking of
the bases since the propyne group is planar with respect to the
heterocyclic base.

The improved binding properties of oligonucleotides
containing Cb-propyne substituted pyrimidine groups has been
exploited to alter a cellular process. An antisense
oligonucleotide containing CS5-propyne groups forms a more
stable duplex with its target mRNA, leading to an increase in
the inhibition of gene expression (Wagner et al. 1993 Science
260: 1510-1513; Flanagan et al. 1996 Nature Biotech. 14: 1139-
1145; Meunier et al. 2001 Antisense & Nucleic Acid Drug Dev.
11: 117-123). Furthermore, these experiments demonstrate that
such oligonucleotides are biologically active and that they can
be tolerated by the cell. In the art on TNE, Cb-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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All oligonucleotAdes shared the same sequence and were designed to convert the stop codon (TAG)
at 122 of the kanamycln ORE Into TAC (tyrosine) by TNE. The mismatch nucleotide As underlined.
Lowercase letters represent unmodified DNA while uppercase letters represent modified nucleotides
(base, sugar or @Esgbatklkagdone modifications or combinations thereof) and their position An the
oligonucleotAde._ The mfodifit d nucleotidets In%Iudﬁd An each ol onu leotAde are st%ed The TNE
efficiency of each blifonidieoAde AY Exiredsed AS thE Y5l 1fr%coreélseq?oer §5c7é95e) B TNE compared
with the TNELefficienty of iieeDN#nokly oligbneciedtAde:(oligonucleotAde 1). At least 4 replicates with
each oligonucleotAde werr performed and.each series.ofgxperiments alsodpeluded myltigle
replicates of oligo 1 as a reference. To distinguish between different types of modified nucleotides
located ol fieSSarfié ofigsRtdestader ohety e armdafied sligorutiebtA-AS ShoWA AP bBRI (e.g
oligonuclegtAdes 910, 2h&22) apd€ o E-progymd )2 deaxyeytAdANer pdP, 1east 10,
5-(1-propynyl)-2'-deoxyurAdAne; LNA, locked nuclejc and; MP, methylphosphonate linkages;
5Me-dC, -]}nilee%ﬁﬁ%kéggé/@&dgﬁé. I%g;\:o%ﬁogexﬁleurf:meer?tg,lgg iaﬁge%%\é%nrges%?an%%lonies were
obtained whemtiebligonudtentAdel op proteimwas dniitted froaethe, reactide rab TheaoligeaableotAdes
were designed (o prodces shalecclagiide subsiionerdaseriendnilie KmYZ2sioporKmY22A
plasmAds respectively, restoring the ORE function. The experiments demonstrated that the number
and positibh ®f 3-T94NA nGeledfides AnRRE 55 bliforucleotAde As of relevance. An oligonucleotAde
(oligonucleotAde-2)1AR Wdichthea13EnbNANUGRAtIdesare Plrceghnrext e thentsmatshiiuecieotide
shows less TNE activity compared to the unmodified oligonucleotAde. Increasing the number of

3 DN UBAIES (O ToATeE 5 £ ) FaTETAY a tiotbiieal Hosee ofgénucleotade.
However, aprinerease tAre TNEsefficid noy Abscobiseived when the {3-D4NA ridcleotidesiarecseparated
by3or4 @@@@@%@@@@p}ides that Include the mismatch nucleotide (oligonucleotAdes 5 & 6).
Given the more DNA conformation adopted by a-L-LNA nucleotides, it may be expected that they
would also enhafic® TRIE fb'the s&iné extent &Y pefHpSBvehBetté? Hrdn PLDINA HIEREVEE it was
shown that pligonweleatitdes-o 8 harenbardlyi activedn Hus @sgay, ideraonpsieatingdhat the H-D-LNA
stereolso egis referred for Imgrovement '%TNE' Tolpe 2'-6(1{nino-LNA% show.suger-lS r DNA binding
compared 10 bthar ENATSmE Gtle 16 tHe Sadfion of exira grotps © the LNA huclEotde Hatcan
provide additiomal SN A ieteFAEHEHS (SIAGHGTEIC (1998) T O CHEMC63, 10035). However, once
again, althoughthe binding affinity-of ghgonugleptides9 &0 ispresumably enhanged, the

2'-aminoLNA derivatives tested eliminate the TNE activity of these ollgonucleotHdes and hence are
less prefeffed. BREGSHULICOtHISSEE 1204 3%artd 'te, Were ot WetivE A FRESH contrasPio'the strong
enhancemer they: confer on antlsease altigenusieatbdes Qlikgonticlestidde 14, containing 2 2'-0-Me

Hnoslne [ ither is as active as an unmodified ollgonucleotHde,. but the
ety clce e st netaoisn Crntin it el tocieit s kRS
nucleotided@iigonacleotHde. 19 TheHérdaiatdr 6 Thlorb=2-hEthoxyaeridine also weriders the
ollgonuclegiide inactive {oligonyicleotide 17:& 48). Quedatashowsdbat.eligonucieotHdes containing

C5-propyne pyrlmHdInes show an enhancement in TNE that is at least partially dependant upon the
number of modified{ra AHMASS inthe BigohGeBEIHRRS This et Wad 8Grprisiig'when we consider
that an equivadentollgesucleetHde eonriainirg EScmetttyl sytosunen(®llgaaucleetddeal3)ds énactive.
Thus, the %fgcte we (g)bggrvleeis com Ietegél%lepeendapt upon Sth%1 group %trt%chierg to ath%%% Pg;ition of the
pyrimHdine. f?natlly, combination of H-D-LNA hucleotides Wit optinmal spacing BRd %-propyhe
pyrimHdings baiasingleadligonacleotdde shows an dverage 6fa3 fdid eribahtemenhimtheTNE
frequencygbovethat.efithe unmodified ollgonucleotHde. Cell free experiments using KmY22A The
optimal ollgonucleotHde designs were also tested for their ability to Insert a single nucleotide and
restore the functionality of the kanamycln ORF in plasmld KmY22A (see table 2). Using the
unmodified DNAnilghaucelebtde,gve fatnd that 8 abitity, toitntredueel inseriitinsgvia AiND wag
approximately 5 fold lqwer than its ability to produce-substitutions. When we tested ollgonucleotldes 5,
19 and 20 CORNHG LNA and/of O propyne By ARG Rudiboidea Tor their abiity 18 Thitoduce
insertions finnsbhtrasttoetedata drosulsktitittioh'ss tHesensdified ofigemiciestides didshot®Rhance the
efficiency abeve thatobtaingd W ithitheinmedified aligenuclectide; (dllgonycleotide- 1), Ver, a
synergistic Increase in nucleotide insertion efficiency was obtained when ollgonucleotldes 21 or 22
were used®HE BBMoNEtratsd thaf BofAINA antES - pYeiy i pyHmRIfesTdra dréferdB§ both present
on the sameailgonudleotide ta-enhancethe efficiesey ebTNEnmkereby aaucteotidei isdnserted Into the
target. Furthermore, the difference in efficiency seen between ollgonucleotlde 20 and ollgonucleotlde
21 indicates that the number of C5-propyne pyrimldine nucleotides in the ollgonucleotlde may be
maximized to obtain a optimal nucleotide insertion efficiency. Table 2. Oligonucleotides containing
LNA and/or C5-propyne pyrimidines were tested in the cell free assay for their ability to perform a
nucleotide insertion SEQ ID # 011gonucleotnde Sequence Modification TNE eff. 11
tgtgcccagtcgtagccgaatagce



none 1+0.2 5 5 tgtgcccagTcgtAgeccgaatage 13-D-LNA, 10,14 1+0.7 19 19
tgtgcccagtCgUagccgaatage pdC,11, pdU,13

oligonucleotides and found that their activity in TNE was
dependent on the position in the oligonucleotide.

As used herein, the capability of the donor
oligonucleotide to influence the TNE depends on the type,
location and number or relative amount of modified nucleotides
that are incorporated in the donor oligonucleotide. This
capability can be quantified for instance by normalising the
binding affinity (or the binding energy (Gibbs Free Energy))
between conventional nucleotides at 1, i.e. for both AT and GC
bindings, the binding affinity is normalised at 1. For the
oligonucleotides of the present invention the Relative Binding
Affinity (RBA) of each modified nucleotide is > 1. This 1is

exemplified in a formula below:

1 1
RBA = & RBA(modified)- ¥ RBA (unmodified) > O

n m

Wherein RBA is the total relative binding affinity,

RBA (modified) is the sum of the relative binding affinity of
the modified oligonucleotide with a length of n nucleotides and
RBA (unmodified) is the sum of the relative binding affinity of
the unmodified oligonucleotide with a length of m nucleotides.
For example, an 100 bp oligonucleotide contains 10
modifications, each with a relative binding affinity of 1.1.
The total RBA then equals: RBA = [(10*1.1) + (90*1.0)] -
(100*1.0) = 1.

Note that the definition of RBA is in principle
independent of the length of the nucleotide strand that is
compared. However, when RBAs of different strands are compared
it is preferred that the strands have about the same length or
that sections of comparable length are taken. Note that RBA
does not take into account that modifications can be grouped
together on a strand. A higher degree of modification of a
certain strand A compared to a strand B thus means that RBA(A)
> RBA (B). For upstream and downstream sections, corresponding

(local) RBA values may be defined and used. To accommodate the
_19_



1.5+0.5 20 20 UgUgCCCagUCgUagCCgaaUagC pdC,5, pdU,1, 6,7,11, 3,10,21 16, 17, 24,
1.50.521

effect of the position of the modified nucleotide a weighing
factor can be introduced into the RBA value. For instance, the
effect of a modified nucleotide on the donor oligonucleotide
adjacent to the mismatch can be larger than that of a modified
nucleotide that is located at a distance five nucleotides
removed from the mismatch. In the context of the present
invention, RBA (Donor)> RBA (Acceptor).

In certain embodiments, the RBA value of the Donor may be
at least 0.1 larger than the RBA of the Acceptor. In certain
embodiments, the RBA value of the Donor may be at least 0.2,
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.5, 2.0, 2.5 larger
than the RBA of the Acceptor. RBA values can be derived from
conventional analysis of the modified binding affinity of the
nucleotide, such as by molecular modelling, thermodynamic
measurements etc. Alternatively they can be determined by
measurement of Tm differences between modified and unmodified
strands. Alternatively, the RBA can be expressed as the
difference in Tm between the unmodified and the modified
strand, either by measurement or by calculation using
conventional formulates for calculating the Tm of a set of
nucleotides, or by a combination of calculation and
measurements.

The donor oligonucleotides according to the invention may
contain further modifications to improve the hybridisation
characteristics such that the donor exhibits increased affinity
for the target DNA strand so that intercalation of the donor is
promoted. The donor oligonucleotide can also be further
modified to become more resistant against nucleases, to
stabilise the triplex or quadruplex structure. Modification of
the LNA modified donor oligonucleotides of the invention can
comprise phosphorothiocate 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.

- 20 -



21 tgtgoccagTCgUAgccgaatagc p-D-LNA, 13 10,14; pdC, 11, pdU 2.0+ 0.75 22 22
UgUgCCCagTCgUAgCCgaaUagC p-D-LNA, 11,16, 10,21 10,14, 17,24, pdC, pdU, 5, 1, 6,7,

Particularly useful among such modifications are PNAs,
which are oligonucleotide analogues where the deoxyribose
backbone of the oligonucleotide is replaced by a peptide
backbone. One such peptide backbone is constructed of repeating
units of N- (2-aminoethyl) glycine linked through amide bonds.
Each subunit of the peptide backbone is attached to a
nucleobase (also designated "base"), which may be a naturally
occurring, non-naturally occurring or modified base. PNA
oligomers bind sequence specifically to complementary DNA or
RNA with higher affinity than either DNA or RNA. Accordingly,
the resulting PNA/DNA or PNA/RNA duplexes have higher melting
temperatures (Tm). In addition, the Tm of the PNA/DNA or
PNA/RNA duplexes is much less sensitive to salt concentration
than DNA/DNA or DNA/RNA duplexes. The polyamide backbone of
PNAs is also more resistant to enzymatic degradation. The
synthesis of PNAs is described, for example, in WO 92/20702 and
WO 92/20703, the contents of which are incorporated herein by
reference in their entireties. Other PNAs are illustrated, for
example, in W093/12129 and United States Patent No. 5,539,082,
issued July 23,1996, the contents of which are incorporated
herein by reference in their entireties. In addition, many
scientific publications describe the synthesis of PNAs as well
as their properties and uses. See, for example, Patel, Nature,
1993, 365, 490 ; Nielsen et al., Science, 1991, 254, 1497;
Egholm, J. Am. Chem. Soc., 1992,114,1895; Knudson et al.,
Nucleic Acids Research, 1996,24,494; Nielsen et al., J. Am.
Chem. Soc., 1996,118,2287 ; Egholm et al., Science,
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

_21_



3, 5.01.0 Sequence analysis of cell free TNE events All the oligonucleotldes in this study were
designed to convert the stop codon (TAG) in KmY22stop to TAC, restoring the kanamycin ORE
functionality. In order to establish the fidelity of reps= of oligonucleotldes containing modified
nucleotides; pltasmfis wese puéfied front kamgmyeln tesistand colonies-akiawmedrafter reps= with either
oligonuclelortll eold(ygg]dodiifriletd Dl\@gor o&ngn% le tldet%8£n gvl’l?ljl%hn%" thaef%yrirlzii Igegklcltekcl)éides were
replaced by ‘g-propyne pyrlfﬂdl%es. When the reaction was performed with“oligonucleotide 1, all
40 plasmfitd sequericeeicshiolred the éxpectat-TACTrepsE evedt ave22 iHoweveilwbent has

oligonucleotide 20, was used.28/38 showediLAC &t 122 whilethe rgmaining 19;plasmfilsigontained
TAT at this position. Thus, while C5-propyne pyrifildines enhance the TNE frequency, they also

Influence tHE'6GESATe SFthERedS FédttioR Cfiakingfit more BridY prome 1 tit Grhstiemerstrdted that,
using an ianvitye TNE7assayp theytelhiser systeny oligarucleatides/containmg:iathGepegpyne
pyrimidine?&ﬁclegtid%sfaréd a _szecific spacing of LNA's around the mismatch nucleotide do show
significantly igﬁe?%veﬁs 0 %'compared to the TNE efficiency obtained using normal DNA
oligonucleotides TTikis&nhancemeatcarr bedsiltigh asfl4-foid. IThis ehhamceraantecoidd be improved
further by fargeting pydmjdine fich segygpges sa that pareeniage el CoRRIOPYRR DYriBYding
nucleotides is maximised. Efficiency could also be further increased through the use of 7-propynyl
purine nudl8BEdeWhRRh%enHEREE Binding affinity to an even greater degree than C5-propyne
pyrimidine nucleotides, (Her &cSaela,i 20@2nNodleicAcids Res: 301 54850496 tGarmbining peopyne
purines and pyrimidines.allows the production of oligonucleotides jn which all the nucleotides carry
Eropy Y1 GRS B e A e Eaiiie 2 TNR I Fbacks ToRbtad ohab e T2 ke source
material fertflistexeanplads esbiakdesn vitro shoot cultures, grown aseptically in glass jars (750 ml) in

MS20 medium at g teraperatreafi-22{20e{day/night) and aphetar Hux density of80 KE.m2.s 1
(photoperiod of 16/24 h). MS20 medium is basic Murashige and Skoog's medium éMurashige, T. and

Skoog, F.2PRySilogit Plantditiiy, 15° 47397, 19627 ¢6nthaftit 25 (WIVPSacioee, id'added
hormonescandy0:8% Difco iadfar fHaen shedts are sybeuléiuured evenye3 avesks tarireshrmedigas
Protoplast isglalipn,, .o "or. e isplation of mesophyl pratoplasts, fully, expanged.eayes ol 3-6 week
old shoot cultures are %arveste . The leaves are gllced Into L mm thin sty-]Iips, winch are then
transferred 36 #HEYTOOPIMKIG0 mm) Petri dishes containing 45 ml MDE basal medium for a

preplasmolysls treatment afi 30 iR MBEbasal sredivm canfained 0,25 giC L0 -MaSO4. AH20,
0.136 g of KH2PO4, 2.5 gllgolyvin Ipyrrolidone (MW 10,000), 6 mg naphthalene acetic and and 2 mg

6-benzylahiifiofUriré MU tot8 voflima 'of 806 M The et 57 the- SBIatich i€ adjuSd to 600
mMOsm.kghavthfSeridltoNtithe pdrtoch. 7not Aftes preplasmolystans nd ofiedazymedstadKlis added to
each Petridi .nh nzy C sists of 7 ellul zu 200 mg drls, e and
250 mg m%%érgoz-gllrr?aegR%OTpge]%%oker%%%ﬂt‘setreg ov%%%?/%é%?né;n%gggce%% and%< }ﬂte%rj-fgterl ?ze%gT %%gfri
dishes aré's€died ahdanedisated Tveniightiinthe dask al 25CNthewlP rioveRfeHt 36 Higest e eell

walls. Next mervag.dheorotoplast §H§@%%@%@%@@§S@6éh&ﬂ%&5%ﬁ%@&é@@9m sieves Into
250 ml Erlenmeyer flasks, mixed with an equal volume of KC1 wash medium, and centrifuged in 50 ml

tubes at 885§ TS50 mits. RETWasRIfiEditnT c5nisfed™st 2.0 CAC L2 2206 Iitd&Hd a sufficient
qu_antity oh&@ﬂﬂbebiir‘ggothéatoismdaﬁty tm]ﬁéQm@ghblcgﬂrhood' _hercexn_trdfﬂgani@/n stéptiheﬁepgated
twice, f'rsﬁn‘%'él?n%w e protoplaststs %?U%%eé“edﬁdo'ﬂ Mb "éﬁ%%‘cﬁ‘gg&% fl@&@é%%ed”ls?&oﬁﬁﬁﬁ”e”ts of MS
medium (Murashlge, T. and Skoog, F., Physiologia Plantarum, 15: 473-497, 1962) at half the normal
concentrafisf2 2y 6f.CEC1B2HBU-peEliteran®a qiratihlof MaRAIsIRe brikg the D5AdIality to 540

mOsm.kgk ard finally withthe pratoplasts resuspgpded inMLs mediugy whieh is MLm medium with
mannitol reglaced by sucrose. The protoplasts are recovered from the floatin% band in sucrose

medium aRd reSistSerdR b A Gh Equat Vofumie 5Pk E3 Wash et STheir dBnsitiéd &rd counted using
a haemoognrﬁmeit?emesmmequ&atlyguhéqsm@tb@ﬁs@sta@eerpdh@eﬂcagaﬂf irt]l_zQ mdjgimtuhes_t at 85 x g
for S min gnd the. palefs pesuspended ai  danisiby of X105 praloplastamll n eledtroporation

medium. All solutions are kept sterile, and all manipulations are done under sterile conditions. ALS

target geriePanid-desigh et oliferntédtitesa wa in fiebbaecd e etblatatecynthase ¢82%)SurA gene

(Gene Bapnk Agcegsion X07644) thenaminaandieanversigns RE94Q and Wadtle render the ALS
protein insensitive to the sulfonylurea herbicide chlorsulfuron. Two ollgonucleotldes have been

designed & Mitfotitce B8 R FutAiish in'the 'SHA cotlonR oty for thede Amincands. SEQ ID
NO 23 wildgemerate=ark 104Qnmiitationianc SEQ IDN@ 24 the WBTHo miutatiors In both
oligonucleptides all ¢ and T:residyesiare prapynylated (in such an ollganuelegiide, deoxythymidine is
replaced by 5-(1- propyny1)-2'-deoxyurldine), except for the deoxythymldine mismatch nucleotide in
oligonucleotlde SEQ ID NO 23 1, that corresponds té“the position of the Intended point mutation.
Propynylated cytosine or uracil nucleotides are indicated Cp or Up in SEQ ID NO 23 and SEQ ID NO
24. Furthermore, at the positions two nucleotides away on either side from the mismatch nucleotide,
LNA residues have been Incorporated (indicated AA, TA, CA or GA in SEQ ID NO 23 and SEQ ID NO

2 ) Control ecinale ctrand ollaoniiclentldece concicet of onlyvy normal DNA recidiiee (no CR nronvne



5'CpCpUpUpAUPAGAACPCpGAUPCpCpUpC6CPpAATAUPGAACPCPACPCpAUpUp CpCpCpAA3!
[SEQ ID NO:24] CodA target gene and design of oligonucleotides For TNE aimed at base pair
conversions, the ALS gene is a useful selectable marker gene, because single base changes at
specific pasitenslead tosingte amino agisoedinversiens, tmkich daltufn pievide resistance ted

sulfonylurea herhicides. For imed at creating a single base insertion or_deletign (indel), ALS is
ot st B SOCIIG arkey Jets LecA ot & bt S i ode & rarmestt o the
Open Readind Framerof tite gerd carmbthus larnonfufAéticrmal pPétein: Seladtionorssalfonylurea
herbicides is the‘qq{greoqqtgqg%g)j%oti&d%&QagggaM cading for.cytosine deaminase, can be
used as a negative selectable marker (Stougaard, Plant Journal 3: 755-761, 1993). Plant cells

expressing Thig geneHinPexoset s #ﬁ&éﬁo&f}to@%‘%@é?%ﬂ?&@ ffdm #révetSible inhibition of the
thymidylateusynthhaseipathwaydly o fluorouraei {&-Ftdrwhichtis faed by deaminatign of 5-FC
catalyzed by the gene praoduct of CqdA. Frameshift mutations, introduced ig the C sequence by the
action of OIb GhCSED e al render the Gane SonTuRLE oA A Satt ot el rubS R0 5.FC

In this examigléctroCudArryativVe selettionsydtentisiegloited for the selection of tobacco cells
undergoing an indel prgation.due to the-actionofoliganyeleelides, Tathis ead.9hacea SRiplants
have been created that express the bacterial CodA gene from a CaMV 35S promoter, by
Agrobactérith#nEafatéd transformation ad it Stougadtd (PR Solial SEASS FEY, 1993).
Transformeshplantsihayedoeen tested fatd¢helapirest respense on BNEC sand sere maintaired as in
vitro shookgltires a5 descrined abave. Inhis Sample. 3 speeifc yersion of they(oda geng has been
used, thatdhas been ogtlmlze For plant coélon usage In order to enhance its translation Iciency in
plant cellscTheaseggiepcd bf e EdHorreptinred GodA geAegend DNA sequence which
ATGTCTAACAACGERETIGAGACTATCATGAACGHTAGACTIRCTGGAGALGAGGGAC
TTTGGCAGATTCATCTTCAGGATGGAAAGATCTCTGCTATCGATGCTCAGTCTGGAGTGATGC
CTATCACTEAEARACTETETIROATER TEABEABEGACTIETTATIEE TR FTEBTEEAGCCTC
ACATCCAEETT GARACAACT CAGACTIC CECGACAAGC CTAA TTHBGAACCAST CIGGRACTCTTT
TCGAGGGAATCGAAAGATG TGAGAGAAAGGCTCTTCTTACTCACGATGATGTGAAGCAAA
OO CT TR AR T OT TRAC T C AT T A G AR TAEEAT G TOALOACT GATGTGE
ATGTGTCTBATECTEACT CTAAC FEETESTT MG ETTATGETGEAAGTEGXAGCAGGAAGTCGCGC
CCTGGAIT GATGEIEACATC GGl T FIEEGHGAAGAGGSAA THETT IR TIALGE TAALGGAG
AGGCTCTTCTTGAAGAGGCTCTTAGGCTTGGAGCTGATGTTGTTGGAGCTATCCCTCACTTCG
AGTTCACTAGHECRETAEEEAGTICAB TEIC PICAC ARG ACTTTEGL FETT GEHEAB ANGTACG
ATAGGCIRTATCGATGI TCAC TG CSA TEAGAIGEATE ATGAG CAG TCAAGATRCGTTGAGACTG
TGGCTGCTCTTGCTCATCATGAAGGAATGGGAGCGT GTTAC TTCTCACACTACTGCTA
TGCACT(%% A%‘%EC% GAG %%i ACTTC RG(%GDC %%%él&%'lrﬁi\%ﬁggib%'rG%%:T%qérATCAA
CTTCGTGGCETRACCET CITGPCAACAFCCATE TROAG GG AAGAITTCEATACTTTKCECTFAAGAG
GAGGGGAATIAGEIAGEGEFSAAGEAGARGES TRAGTCAGETAT CAATIGEGI GCTECGGACACGA
TGATGTTTTCGATCCTTGGTATCCTCTTGGAACTGCTAACATGCTTCAGGTGTTGCATATGGG
ACTTCATETE TCCEARET AT GEBATACECACAGAT CAAEBATEGACTTAACCTTATCACTCA
CCACTCTGCTAGEGACRCEHEAACCIT CAGGATIT ACGCEALET GCTHCTEGAAACGTCYGCTAACCT
TATCAT O L BT G AT G ATT CGATBETC T ACGAGCCAGRTECTGTTAGBTACTC
TGTTAGGGGAGGAAAGGTGATCGCTTCTACTCAACCTGCTCAGACTACTGTTTACCTTGAGCA
GCCTGAYSED- B NO:25]. remrholigdnuélestde has beef deshreesintrédstesa sitigle BaSe pair
insertion atra/pesitionin theyendafithe CodA gere.yapynyatedsytesing o uragilnucteotides are
indicated Cp_or Up. At the positions two nucleotides away_ on either side from the nucleotide
correspondiiy to A infeRdBH insEHion GiHsertich n%%féod%i/ﬁ%, OHGerlined); T NAREsidues have been
incorporatedt(indicated A& dCGAe §6)nCohtrelsinglecstranchaligobhgleotides censist of only
normal DNA regidues (no (5;propype pysmidines.por L NGJesidues).with the same nygleotigle
sequence.  5'GAAGUpCpUpAGClaGUpUpGAUpGABUpGAGAUPCpUpGAAGAGCpGUpUpGUpUp
AGA3' [SFAVD NO:28] Profopl&st eYddtfdporation Using PHBS as an electroporation medium (10mM
Hepes, pH 7.2; §:2:M;imaanitol 0150rM NaClosmMCagd2and with asprotaplastidensity in the
electroporatlon mixture of ca. 1x106 per ml, the electroporatlon set-L.11-1gs are 250V (625 V cm’)
Charge aftfBH0 P E REFASan?E ith & Tedely tifme beti@ehSstisd 8nd cUitivafidi Bf 28 minutes. For
each electreparation an 12 pg dllgonuygleotidenarectiser pem80G:microlitet electropatation =25 p.g/ml.
Protoplas ration lect] fter. oporation. tr t lQplasts

Placed once oy S o rasoyer IS res eparad T T Gl Tt 2t S eneiy) o1 1% 105
protoplasts ml 1. To culture medium contained (per fiter; pH 5.7) 950 mg KNOo, 825 mg NH4NO3, 220
mg CaC12.2H20, 185 mg MgS04.7H20, 85 mg KH2PO4, 27.85 mg FeS04.7H20, 37.25 mg
Na2EDTA.2H20, the micro-nutrients according to Heller's medium (Heller, R., Ann Sci Nat Bot Biol
Veg 14: 1-223, 1953), vitamins according to Morel and Wetmore's medium (Morel, G. and R.H.

\Wetmore Amer 1 Rot RQQ- 122_-A0 10R1) 204 (W) <ticroce 2 ma nanhthalene acetic acid 1 ma A-



benzylaminopurine. For purposes of selection of colonies with a successful TNE event, 41 nM
chlorsulfuron, or 250 pg.m1 1 5-FC is also added to the medium. The Petri dishes are incubated at
25/20C in low light (photon flux density of 20 pE.m2.s 1) at a photoperiod of 16/24 h. After two weeks,
the Petri dishesmargrteansfered ¢a fulldight 8 pErad.sdl), Dusiag thisperiodmf seteationymost
protoplastgidi%d. in r%trtgglagé%iirrll whri%h thor%ugh the action of the oligonucleotides a base change
has occurreéd in the afge gene so as’to confer resistance to the herbicide or 5-FC, divide and
proliferate into proteplastderived mierbeolonigs: tes Shototdightweeks aftérligolationsthel des
protoplastderived;colanjeg areyrapsfared tMAPLmedivr. The agarose.beads by this time fall apart
sufficiently to transfer the microcolonies with a wide-mouthed sterile pipette, or else they are
individuallytrarsferré@with torcehs CMARY nisdibmiEsite samé’edmpb¥ition asHARTAE niedium,
with howewer 3% owy) tnesnditolinsteag of6%nancthd62ymgilsthistidine ¢H bagittavas solidified with
0.8% (w/v% Diffgnagara.o ai ﬁ/fter 2-% i/voeaeggiq; igéowgh on %hi% S(Z)|id éneéjiurgitcheerciq{onigs re transferred
to regenera?i%n médium R X 50 Colonies per m I]-c’eian dish. BPmedium consisted o?(?perqliter, pH
5.7) 273 g KNO3, 416ImgyCa @324 20, 83 mgiMguIvO3Ym6HRe, 57 dig:Mgse4 7420, 233 mg
(NH4)2504, 271, mg, KH2PO4, 27,85 ;g E504.7H20, 32,2509 Na2ERTA2420; the micro-nutrients

according to Murashige and Skoog's medium (Murashige, T. and Skoog, F., Physiologia Plantarum,
15: 473-487 16962 bt ohBFifth O tHe PTbfisiEt: Edncetratidn Hitdihing Hetorditg to Ml and
Wetmore'saediwmddarel; G. and R.H. Wetmore, Amer. J. Bot. 38: 138-40, 1951), 0.05% (w/v)
sucrose, 1.8% (w/y) mannitol, 0.25 atin and 41nM chlorsulfuron, or 250 pg.m1 5-FC, and is
Solcfiec with O 9o DI S 5. PR Amieation-of Hrget s2nie™ L B i< eaiaiad from
chlorsulfufisiicer 5-F rasistaptoresideantasbascolifiedcoforfasiusihg thé DNoasyHit {Qnageén), and
used as ajtgmplats in aRCR reaction, Canversions gt thetargelgdicodons in thetebaeco ALS gene
are detected using the primers 55GGTCAAGTGCCACGTAGGAT [SEQ ID NO: 27& &
5'GGGTGETTCACT THETHEPEISEGH NG J8thaf Hiiplify™d 776 B fragmeRt'st this gehie;
including codon 194. Thesprimets 5'CECCEI EGEAAGAC O TTGATSED ¢aiN@ P29 aterial
5'GGATTCCCCAGGTAT T EQ ID NQO:;30 ] are likewise used to amplify 794, hps fragment of
the tobacc%og ,Efé.ng%egriek??]nc%é%né% ?F[%g%dgn%\égf%%rrgéﬁgﬁnﬁ | ‘i’c%rt%ﬁ%? ihéC f%/qo%#llgds cSé‘ gene in
5-FC resistafetobatco ki tthefohewipg pritrermsetifdsdesigned:ic material, to
S5'GTGGAAMAAGAAGAGGRTCCAAGIRER D NQ:31]1ndi A CATCGATAGCAGAGATCTTTCS'

[SEQ ID NO:32 I. Sequencing to proof nucleatide conversion Nucleotide conversion in the
herbicide resistahtfobated €afids Rlicdnfifm8d By ¥eduentingtfie PER Prodidts Sb&indd from the
DNA of suchecatluspConversionoaf theliehacoonAlks PilddacodondlGCA te € AR)aesualtssin a double
peak at the se position-of the codo .finally, .conversi f the tobacco A 1 codon
(TGG to T%%))grggglté) |§n 59 %%ﬁgl%%ﬁﬁa gt%%g%recgﬁd %ggoé%gggg% (g%T)%l?%(a%p Ig%i/%%\ﬁ\iln mouse
embryonid 5teii E&is teghigrdePto faR asElethbi sySienPiocdambnstrate TNRIn Aduseells, a
mouse emfryoricstemdES) celldineds used that expressesa selegtable-magkergene (ngo) providing
resistance to G?18 in culture, but winch has been rendered non-fu/nctional by a deliberate mutation.

The objec‘ﬂ% of the' TRE 3%%% entito ré’ﬂ)%%%i%%gl?a‘tio‘ﬁoa% restoré the functionality of the neo

gene, resulting imMselectior of such dells iINrG41& Theomdase ES cell lirgislderaleddramdine E14 (he
Ride et IAcad.SclilSs : -5132,,1992 int ctio fective neo gene
driven bﬁ?waeﬁﬁgﬁéoiﬂ g‘r%?n%gt%r.fr%% @f%%ﬁéﬁg g%?ﬁé %bn%a?r%g tgvéc?' %?(Itéa%qull&% §§ %5 Ie?r%mediately
downstredifi o #ie AT G- Starticodiohyihe ol PeSiftirntpinca Rarreshf(Dekkef et 52, N06l. ARds Res.
31, No.6 @373 2R3}y hei eelisare grown in BRIngonditioned medivn ok J NE experinients, gells were
dispensed at a density of 7 x 105 per well of a 6-well plate for 24 h. Then, to each well is added 1.4 ml
serum-fre8 &G0 S‘flgliﬁ%)hﬁgle%ﬂgéél%nﬁ%%lﬁrb‘f IFARSEALTRY liBofRERGT réaddht (Promega).
After 1 h, 4 imlofserum-cortainmngimedivsy issadded, and the cells are Incubated overnight. After 24 h
of selection-free facubaign. (he ells e ojawn in.selegiys medium coniaining 100/ L f.G416.
After 10 days, G418-resistant colonies are counted. The oligonucleotlde to be used to repair the
frameshlftihGiibhbhEists oflg 36hBFEorkessortnS rthe setflieté DF i cadifi§ strand of the
reglo of thegiea-gene greungtheAtfa start ceden, it withous thes Ghnugigetides, that hagd heen
Introduced in neq in order to create a frameshlft mutation. Fyrthermore, all cytosine or thymldlne
nucleotidd® &2 PraBynylAfRat indidat8d baibw B ¥ o ¥p CACthE R osition twoiticibtides away on
either sidecfrgriothe frareshift inseartion, IINA reésidugs have begndndorperated {indicateti AB, TA, CA
or GP). Contgalsinale strapd aligoquelegides,consistof ol noral NAJBSIAeS (an G propyne
pyrlilidines nor LNA residues) , and contain the GI frameshlft mutation. The oligonucleotlde sequence
is as follows: 5"FpCpTpAGAGCpCpGCpCpACPCpATAGATACPACPCPGATPpGCpATpCpGAGS3' [SEQ
ID NO: 33 ] DNA is extracted from G418-resistant colonies, and subjected to PCR in order to
amplify the region surrounding the neo start codon. The PCR fragments are subsequently sequenced

in order to verify the correct repair of the frameshlft mutation. Example 4 Targeted nucleotide
avehannoe in tomato (SKolaniim veaner<iciim) r1icina CE-nronvvne and | NNA modified oliconiicleotidec



Acetolactate synthase (ALS, also referred to as acetohydroxy and synthase; AHAS) is the first
common enzyme in the biosynthetic pathway to the branched chain amino ands vallne, leuclne and
Isoleuclne. The pathway exists in plants and microorganisms such as bacteria, fungi_ and algae. ALS
is the primairy targeh site phaetjon-for gt teast four struectusally distipet=clagsesref therbicides, including
sulfonylurlen%% QU?E fifid%%f'ino £S pélMthfi%ﬂoI%% rfifigllne sulfon%@cipesqu) raend gyrrfifi%l ylsaficylates
(PS). In tomato, A JS’is a mul-fico gene as two uﬁﬂehgt%algg%s are present ih the Plan Transcript
Databaseqhttp://pramtacfigr.org). In our study we have defined transcript 1A37274 4081 as ALSI and

transcript 1A3727§ﬁ@8%&%%§%%%§k%@1@9§@ RrQtein.Qf %ngﬁﬁ%i%%@é 'aorlxrotein of
657AA. ALSI and ALS2 show 93% and 96% identity at the DNA and protein levels respectively. The

two protef8 iRy dferin A8 SigHaf pep-fiiRfregfohsii thd Préteiie tREp6nsibR ToPERIbroplast
-Large-L.1x1gobespite- thesewlifferepees, diatlh AliSlrand ALSZ2rbieinsarei bothquredicted to be

targeted 9 the chigroplast, Previays. studies. have.shown that seweral aming andichanges o
conserve res?c?ues are su?‘ﬁment to con?er hel’bﬁlld:e resistance E) t%e pﬁant, Sggh as the P .F[Q,

W548L & S627| FhgationssintricenALLS rThe comsereation 6PAINSbetween argeaiismsiiv higihiand
identical rpufations i manyrganismsdeskt imsimila berhicidg resistant phepotypes.dnhis study we
have Introduced normal DNA ofigonucleo-fides or C5-propyne and LNA modified_ofigonucleo-fides Into
tomato le&FFotbptakts tREigned s alterthe 189 dodarrth AEB2 orP184 Fif AESY) tbroduce
resistanceotoethessulfonyluses: typerherbicide-clileesufurasb Asithesequences of the modified and
unmodified ofigoQHgleo-fidestare iderlet'icglJCeaSny.differenggs i ghre IlglEt fficiencéy gn#s%heer%%e be due

to the C5-propyne an CNA modifications as we observed when using t e cell free system. Materials

and Methods-Oliyonsicieotides LNAThadeguemsesofthd régiofs of ALSrapdemtS2iesntaiing the

P184/186c0dons {dppersase)arg shevdebelgw. Single augleotide polymerphismsbetween AlSI and
ALS2 are shown in bold. ALSI gattgtt%ctattaca gtcaagtgCCAag aggatgatt%gtactgatgcgt P186 [SEQ ID

NO 34] AESZ hafiytt§ctatiiceghidadyid e Gaguabgatdatigy gEGrP184TSESIPNO 35]  The
oligonucleotides ddandi 2% in-tables Bavere designesittolproduce ddX1,840 alperationun ALS2. Both are

"antisense” gligonucleotides, complementary to the pon-franscribed strand, of the ALS genes.
Oligonucles(l)ltqi‘dgeoél(ﬁ] %gr%gts%o %5&1@%% G%T of C 59-8%08;:)%2%%%%%&3?%0 %é@%ﬁ%@q%ﬁdes and
serves as a conttdlSTha desighsindudé phosplsoretificatedinkafées betvdenrthenterfamal 49

nucleotides as;suchimodifications are known 4o partially protest the qligenyclegtide from degradation
by nucleases. Table 3 SEQ ID NO Oligo Sequence Mutation SEQ ID NO 36 95 ,
AT CAYFEEICE I CPERACTH I ABSCRE B4ey (8) 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 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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SEQ ID NO 37 44 A*z*y*A*zyyzyyvyTGwAyzzG*A*y*y*G P184Q SEQ ID NO 38 80
G*z*A*y*GzAyAxzCAkzAyGzA*G*G*A*U None y=5-propynyl-2'-deoxycytldine;
z=5-propynyl1-2'-deoxyuracll; s=LNA A; v=LNA T; w=LNA C; x=LNA G; U = deoxyuracil; * =
phosphorethiopde linkagesi M aligopucleetides were syntbasized bydFwageatesfand HPLC purified.
The nuclegti e tr(lﬁt fo%ms ﬁomig,mfaltcré @"t&& e farget %c,cuendoe Iin%di Tocﬁnat eleafaprgtospéal% isolation
and transformation 48" fSofation and regeneration of tomato eal prgtopfé\% s has been previously
describedqShahin, 1985 Theos. ApphGenet. 692 2850240 MTamet ah 198 7T heos Appl. Gemet1175:
105-108; Fan gt ahN987 RantCell Rep) 65172143} apddhe salutigns é%%;ﬂi@s(‘i bg found in these
0

publications. Briefly, Solanum lycopersicum seeds were sterilized with 0.1% hypochlorite grown in vitro

on sterile MU 454 pHotopBHOLESTEES Nodrs:462G6b X E 2BEEEnE 500 relative
humidity. g of freshly hateesied leavies wergiglaeed ua dishtwitle SiEl @PVWAMa@nds using a scalpel
blade, cut er%endicular toftlhee mg{pcﬁte §\(/f|%ry nm. Qgs% 1\gg;ergotran;feelrgledeﬁ greevsvp g}aete of 25m1
enzyme s Ut XQEPWS]\]]I con?ainlng 2% cellulose onozuka , .E/o macerozyme onoZuka R10,
2.4-D (2mghaIy NAAI2gimd), BAR (2raghab)pids. 8} anddigdstiongstoegedsd bvérnight at 25C in

the dark. The peteplasts wersthen freedi by placing them-en ansorbitahshaker (A0s5Q xpm) for 1 hour.
Protoplasts were separated from cellular debris by passing them through a 50pm sieve, and washing

the sieve 58 With CPWIPBGtGlasiEwere smtrruged bt 88, tHedipeiiatant dRcarded™and then
taken up inrhadfitbe doiiime of CHRWaNo Rretoptastsiwese finallyotakep e in@&mE CRWIM and 3m1l
CPW18S Waslther% d%ideg Scaéeeflsjggo?g\éoi% erpfiéilqg tQ Stwo};solutionf. ng ]p{%tgglasts were spun at

85¢ for 10 mins and the viable protoplasts floating at t eelvrqlteerﬁﬁése E':lyer were collected using a long

pasteur pipelte ITHE prctoplaBevélifmelwa® irickéasetbtd B0m1 oy dddimg CPWONandithesnumber of

recoverediprotoplasts was-detgemineddn achrerpecaiameter. 1o Qligenucleetidesivereiptroduced
into tomato_protoplasts by electroporation using a Gene Pulser (BioRad). The protoplasts were

resuspendetfifPABS AN aR Rt pbristiohtmeaRih: tIB1FM BEPES hH 7 615M MialSitol, 150mM
NaC1l, 5mivt @GaGl2) @t midensitytof 1xh06kn T inid.4enelactieparation lcavetbes. Spgof

oligonucleotide was, added to 1m1.of pratoplast suspension, and electroparation was performed at
250V (625n . 9crre1 %aln eSdOSprgaSplaE:}gﬂ%é? Igarl%topﬁ%%tsq\slsvﬁgct Sr?e&é?e %Ily rreE?novSeadll rom the cuvette
and transfer@sab Hfredh tuberdird BreTop IVRRERIM Wess audedt This Was Heertspien as85g for 5

mins, the superpatant semeved sand 2miaffrash@M added. said mismatch. In certain
embodiments, the modified nucleotide is positioned at most 2
nucleotides from said mismatch. In certain embodiments, the
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 strand of said duplex DNA, wherein
said modified nucleotide is positioned about 1 nucleotide away

from said mismatch.

Description of the Figures

Figure 1: 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 CS5-propyne pyrimidine modified donor oligonucleotide
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Protoplasts were embedded in alginate solution for regeneration. 2m1 of alginate solution was added
(mannitol 90g/1, CaC12.2H20 140mg/1, alginate-Na 20g/1 (Sigma A0602)) and was mixed thoroughly
by inversion. 1m1 of this was layered evenly on a Ca-agar plate (72.5 g/1 mannitol, 7.35 g/1
CaC12.2H20;18ghk agay lang ajlowead tospotymianize” Tinealginateddises wereythemaransferred to 4cm

Petri_ dishes containing 4m1, _of K8p cultur ium and Incubated for 7 days in the dark at.30C. Then
i drachial Chuechn o Wb e e A st
containings 20nMachiststfuren. Heebicide resistant @atieappedred after 4y weeksdmdubation at 30C,

and individuals yerg then trangferred to.GM2Gmedium for Surthergrowth. After 2:3 wgeks arethis

medium, part of the callus was used for DNA isolations. Analysis of tomato calli Genomic DNA was

isolated frofTS Wekk'ld T using the*Blamt DNEEIEY Rif (OlageRcA89TdA PRifterEfvere designed
to specifically amplifypeitkerddllS FaALS 2. FarAltS| we eised dhe paoers 032769 (5'

GAAAGG C»)Bgzg?g'@ETACGGATGTA SEQ ID NO 39) and 082770 (5' CTTGATTGCGAACACCCACC
SEQIDN ); Tor LéZ the primers 082773 (5' GAAAGGGAAGGGGTTAAGGATGTG SEQ ID NO
41) and 082774 F3 REGAC TETFGAATCACCCACT SEQ 0 NO d2ywere lséd oRERramplification was

performeo!sug93&#@5@9{@@%%@%@ IThDNARRlyHe h {RRoeheyand theyesulting PCR

fragments were ly sequenced. To confirm the nucleotide changes, the blunt PCR fragments

generatec®ifth #he prodifeadifiy’ ARy Wete Actafiad Uiy Fad DN PollAterase 1HFORG product
(5p1) + 1pl-RER buffer + 1p1 dNIP's (20mM) + 1U Tag DNA polymerase + 2.8p1 H20 ; 10 mins at

72C). The PCR fragment was then purified using the PCR Purification Kit (Qiagen) and 10ng was
cloned into the T%%ﬁﬁep\\é{lbménegqﬁg &ﬁ\%trgﬁg%%%ﬁsér? ngberm%i‘l%)n 6 %&%ﬁ?ﬁa éﬁa?rrleaction was
performechop Whitee Kafamycingesistani €olonteissusing rEtrlaNA palymherasenXl (Rdclke) usirg M13
primers wpich anneal 1o sites in the yegtoy aQQcﬂ?&#é*e‘ge Insen;, These, POR, products were then

directly sequenced using M13 primers. Results Two Independent experiments were performed to test
whether the efficiency of TNE in tomato was enhanced using ollgonucleotrdes containing C5-propyne
and LNA modifications. The results are shown in taple 4 -Takle 4 Oligonucleotide Protoplasts

transformed' # chlorsulfuron resistant calli # calli per 106pprotoplasts 959x106 1 0.11
Example 1: TNE in the cell free system

Oligonucleotides containing Cb-propyne pyrimidines, LNA
nucleotide or combinations thereof were purchased from Trilink
Biotech, Genelink or Ribotask. Oligonucleotides containing

other modified nucleotides were purchased from Eurogentec.

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

with either KmY22stop or KmY22A respectively.

Km WT GAG AGG CTA TTC GGC TAT GAC TGG GCA CAA CAG
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44 4.5x106 4 0.88 80 2.5x106 0 0 none 9x106 0 0 0l1lgonucleotrde 44 containing both C5-propyne
and LNA modified nucleotides gave approximately 8 fold more oath than ollgo 95 consisting of
unmodified DNA. The sequence of both of these ollgonucleotrdes is identical. 011gonucleotrde 80 is a
"scrambled" ollgonucleotrde wirch algo containg'modified nucleatideswMrs ligogucleatrde is not
specific for eithe or ALS CLI VES AS onstrate.that the. presence of
ollgonucleotrde a@#g%ns&%ppé%?::eﬁ s ficten Jene e;‘l ?' - t oath. In addition,
when ollgonucleotrde was omitteéd frdn thé-protdplasttransformation mix, no herbicide resistant oath
were observed, ipdicating thatihe level of sportanegus hepbicige resistanse in tamatoyprotoplasts is
below the detection level. To demonstrate that the chlorSulfuron resistant oath did contain
mutations at the expected site, 5 oatﬁ(l from oIFgonu%Ieotrﬁle 95 (D) and 2 from ollgonucleotrde 44 (E
&F)) were sequenced. Sequence analysis of PCR products from ALSI or ALS2 showed that in all 3
oath mixed.peaks were present at the targeted codon. Mrs de trates that the herbicide resistant
Phenoty e Ko R A o A B B R ohe T B e ShgoLcIGE et the
calli were ¢eflizggous for the eiviclectide changés. Weahen proceetiddtdiciorieland s8quence

individual RCR preducts-darivad fom Akslor M&2, Thedgsulis of thesequense @nalysissare shown in
figure 5. Calli D and E showed a CCA to TCA change (P186S) at ALS? and ALS1 respectively, while
callus G SREREHA EEA (PFRA HRerhtibreEseL§ Lt A 5128V RIBBScAS AT BRSwn 444t any
amino an@tbBangaatthecpnsered proling ¢esidue dmtheliobater AlSarthiologshESurA or SurB)
confer chI(e)gisueIf]l:u::Lon reéisst%r]}ce éK%%pneve?E% et zjl/i Zgr(l)gcliilgntcP@és.bllBg: 11r714_1r8e4 .i'l(')krllerlegore, the
P186/184 codon of ALS1 6f AL E is Ideal to detec?unexpec edlnucleotiéie cﬁang , as such events
will also leatiord hembicide résistake phawstype ORE . Our results demonstrate in general that the
C5-propyne and LNA modifications do not inhibit the generation of nucleotide alterations in the
genome and in particular in the genome of tomato. Furthermore, this type of modification increase the
efficiency of targeted nucleotide exchange in plant cells in general significantly, in the case of tomato
by approximatelyeipht fafeeT his $gasof combined modification (LNA and propyne as described
herein) provides a iignigcant Increase in vitro over fearlier Fgescri eq iell freeEa[lssags (ibe.c;lln vitro) using
only LNA modified ollgonruec?eo?isdgg 7 o“ﬁ?yrgro%%e Tiddified Ruciéotides, Particuiar not%wsorthy here is
the step fronethéAdelbitclopsdsy thal kaviao ssayyre SurpriSinghye we did nbt finddheespected
nucleotide,change (GGG 10,GAG,B184Q, gbALS2).ustead. in salll D& B e abservega;change (C

to T) at thé nucleotide 5' to the targeted nucleotide in the codon. In addition, our data from callus G
indicates thatan dligdndclectite §haring a MG I&Atidmat¢ Y WIhRRE tart sdquéhice is able to induce
an alteratignsef @-aucleatides, The sequence of thedeomplete: PER: produets-(590Ws) were compared
with th'at of ébll_lSeJ,Cor('jAlBSZ,C an%]t:)?%lgeg %q% gh%ngels&t tglwiariggteggr%mgscoggg, no é)ther .n.ucleotlde
alterations Were obServéd. Thus, an gllgonucleo%de is" able to induce mquageneS|s at a specific codon
of a plant geperAnalysis of INE everts producdtd Gsingltke el freesystencantdra DA was

ofigonuclepfide, did Indeed give the gxpected nucleptide ghgnge. Inqur@nalysis ofcallus B, also

produced using an unmodified DNA ofigonucleofide, we observed an unexpectéd nucleotide change.
This sugge¥iRtRatthefe hily e offfe? fadi6 iithé cell Wiidh araffsctingthé $8p&if process winch
do not playsorote: imthe<cell frees system, nmaking-thelstep derm-acell fraesassaydeateill Wv@assay not
a simple one. However, we showed that an ofigonucleofide containing CSpropyne modifjcations did

produce uhekpeitelhucRiBtideChanges P tHel Gl B)iderf8uggedtity that i/ modifled

nucleotidesothgemssivesiarg sontrikutingde A more; "ersar-arope s rapair #iis therefqre notewerthy that

callus G, showing a CCAto TTA change, was Broduced using a modified ofigonucleofide.
salmon sperm DNA (3ug7ul), 2ul protease inhibitor mix (50x

conc: Complete EDTA-free protease inhibitor cocktail tablets,

Roche Diagnostics), 50ul 2x cell free reaction buffer (400mM
Tris pH7.5, 200mM MgCl,, 2mM DTT, 0.4mM spermidine, 50mM ATP,
2mM each CTP, GTP, UTP, 0.1lmM each dNTPs and 10mM NAD) made up
to a total volume of 100ul with water. The mixture was
incubated at 37°C for 1 hr. The plasmid DNA was then isolated
as follows. 100ul H,O was added to each reaction to increase

the volume followed by 200ul alkaline buffered phenol (pH8-10).
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Several studies have suggested that the nucleotide changes produced in human cells after treatment
with ofigonucleofides are due to integration of the ofigonucleofide at the target site (Radecke et a/.
2006 J. Gene Med. 8: 217-218). However, ofigonucleofide integration cannot explain the results we
have obtainecsinamate firsths dfigonudceofide integration avoird residtdn hel expectedmucteotide
alteration §P%n84f8) wjﬂgzg we did not obsgr\ée. egsogdxlgl wetalgg sf%lér}dr n clgotide cg%n%esbien ALSI
using ofigonucleofides targéotgﬁ]fo ALST: Tnteara%on 0 %ﬁis 0 |gonucleoﬁ e at ALST'Would also change
the singleandlediidie polyrhorphismpresent il eie thitdatuclddtide ofthe PABEEr&cddore Alsithis was
not.obser\é%gfveagoqqq{d%lg?@tpélgoguggggd%mgg@gog&@gggrse %‘Q@%f%%@@e?@éﬁim% refllect
a difference in the mechanism of TNE between animal and plant cells. We prefer mechanism in which
the ofigonticfedfidé Bitds s G0 EargBEan® fridtices PmutsgetictBceds Arthetargstéd codon,
whereupop-the efigapucleatide iscthps degtadeds A TS CLAIMIED 1S e1 irli Antellgenucleotlde
for targeted alteration of a lex DNA sequence, th lex DNA sequence containing a first DNA
soqUenco St 8 DA DNA STt e Dol rert oy T sl DNA sBqtab. the
ollgonucledtideomprisig-a eontain tvat isedpable of hybrididing N thédirstDNA seqgliened, winch
domain comprises %@%@Rﬂﬂe mismatehyithsrespestito ts!@&éc "%H'%Héﬁ%?&@@‘é%&%%@@ﬂ the
ollgonucleotlde comprises at least one sec-L.16)n that contains at least two modified nucleotides
having a Migh&HiRGin§ dririty- CSRpared B Hat ANy IR EGRing & 1E ST of E-fdcleotides, wherein -
at least onel modifigdoucieatidetisa KNAbatis positiohed«sd ardistancewof at least onemucheatide
from the at least.one mis and wherein, optianally, the ollgonucleotlde contains at most about
50% LNAa%rr?gdﬁgg nﬁrglegqtfiajg; a%%ter -%% esaﬁeo%égrﬂo i%%éq“ n%%ﬁa%tiggsls a -%rogpoyn% purine or a
C5-propyrie pyrdmiding 1on 2 01Honuclebtida dcebrling tolclaivr 16 whereihahe at least ene LNA is
positioned-ata distance,ef atdnost 10 @li@%t&%ﬁaff‘amitbﬁ naismatchncy 3J1190ndclestide

ucle

according to claim 1 or 2, wherein at least 2 n otides are LNAs. 4. 011gonugleotlde according

to claim 10 £ WHereih %t Iesst B ARG EottfesSaeINAS  OP 8 1 ohticieofide hccdtBigltd claim 1
or 2, whergin at-least 4 fiuclesotides arerbNAsat i 06. Pligenucientldenaccordiag te any of claims 1-5,

wherein the LNAs are distributed Inde| er&q?@tl over a distance of from bath.sides of the mismatch.
7. Ollgon%%f&)?laglac or |§lgl fo any o%clalms %-S,bvcﬁtsrgﬁ‘l%thvé%ﬁl&s? aﬁeu %ﬁlebdliz)a] Independently
over a distaricedofH nidst G Rdlestides frkamnaiotls sitlesssf thé afismatchon1e8.1p1 1§BRucleotlde

accordingdg@ny of claims 15, whetein thebNAsare distrdbuteddndependsntlyver gdistance of at

most 4, 3, or 2 nucleotides from both sides of the mismatch. 9. 011gonucleotlde according to any
of claims T3 WHet&in 2! Hucleotitas ard LRAC €50, 011gonucleotide according to any of claims
1-8, wherein 3 nucleotides are LNAs. 11. 011gonucleotlde according to any of claims 1-8, wherein
4 nucleotidBesalecENAS. 12. 011gonucleotlde according to anyone of the previous claims, wherein

at most 4%3/19f tfllgergodi}f{iegﬂjnci“laeﬁ)éideﬁsoﬂlhe Mscjceootlde are LNAs. 13. 011gonucleotlde

accordin , 30 % of the modified nucleotides of the
ollgonucleotlde are LNAs. 14. 011gonucleotlde according to anyone of the previous claims,

wherein abmosh 23 # 0f the, mogified; nucleqtides,of she oligonyclequdeared NAS 1 e o 18e s

011gonucleotlde apcordingl to anyone of the previous claims, wherein at most 20 % of the modified
nucleotided6Fthe Blgbrbciotidetafe ENASCL1°Y6-011gonucleotide according to anyone of the
previous claims, whereinat seesichiadeef themoditied nualeotdes ohihelelgonyeleotide are ENAS.

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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17. 011gonucleotlde according to anyone of the previous claims, wherein the modified nucleotide are
Independently positioned on the 5' side and/or on the 3' side of the mismatch. 18.
011gonucleotlde according to anyone of the previous claims, wherein two LNA modified nucleotides
located omase gidecofdbe Dt ot thend'tside ohtheunismaich ase sepatated Foaueaedkother by at least
one base pairs.. . . 19. onucleotlde according to anyane of the previous claims, wherein two LNA
modified n%%é%o]tlldleg%c%tlg o%lotﬁletsliag of the' %p%ry%evg'og?ae%f%gopn%g%a?cthaacl?gesgo%rated from
each othep 9y att {gast afo basepairsadclediides). bet porostgoruciantide adrording¢s anyone of

the previoys claimsy, whetein fhe pyriae is adenosing or guanosine gndior the pydmidine is cytosine,
uracll or thyraldine. 21. 011gonucleotlde according to anyone of the previous claims, wherein,
Independ&fith 5P fodst 16 BHF te PYrirhitine S 85d/br Birinés SRYFEpldcedIF fheir respective
propynylateeideritatives. thaz2m@ligonustentlde iaccording taanyene efithetprevious claims,
wherein, Independently, at least 50 % of the pytimldines and/or purines are replaced by.they
Fospoctive bRy e derreed L O R Ak ordinG L AL B b reSious
claims, wirgreire fdepehdently CatdeastrB vrefthe pyrimldines and/or purines are replaced by their
res_pectiv%gr]g%pygylgggg @Q@‘@W@éieotZée@l&fé‘qﬁ@t@_ﬁaﬁf&&di@% t%ﬁ@}é@f"@cﬁghﬁi@%g@us _
claims, wherein, Independently, at least 90 % of the pyrimidines and/or purines are replaced by their
respective fropyRyRtsHdEivativBS T P10 25 N ligomcidotitie a st e ding 6 SMY o8 bf the previous
claims, wheresrmodifietithuclectitleds aapginmidée. ins26a Oligonpalestite acearding tecanyone of

the previoyﬁ claims WhereO{n m%dified nugleo?’de is aguri e. 2%. Olci%%ucleotide according to
ey are usF ex ﬁDSlve % or(ge e,. KI ck?u IF les 1n .
anyone of t e‘\forewous claims, wherein at feast two modified nucleotides are propynylated nucleotides,

independerftlyrseiactad flePMafishgsY plopsPylatéd purindhand propsynylaied pyamidiaesl to 28.

Oligonucleofide-ageording tg anyone of the,previousglaims, whereindhe oligenuclegtide,cgmprises at
least 2 sections that independently contain at least 2 modified nucleatides. 29. Oli'%onucleotide

according t63n§6R& of thé*pre Oclam©GuNatih-thEMigahdcledTie ddmprises aflRast 2 sections
that independently.contain atleasti3; 4 &6, 38,9 0NAD maditied noeleotidesd by3Mengel

Oligonucleotide according to anyone of the preyvjous.clai S,E\ém[' { igonucleotide rises at
least 3 segﬁléflsct%a‘fq?n%pe%]éﬁde(nri\m{t?ysggnltgir?e a%[ Ié(zgos't f%%gd}fie nucgllleqoet%5'0%2'.]1I > 313%[??§ogﬁrcylgétide
according3damyof& orlhe plfousChigims, aidtEin-thé Dligdhaclestide bamprisas ahleasnd sections

that independently. containatiigasted 4. 61 608, 9 PetPapedifies nueleptides,, 5432.-5404)

Oligonucleotide according to anyone of the previous claims, wherein the sections are located near or
at the 3-eRBS tRE'5-8RE U EhbbES o Haff (Y poSIibA §F 19 Fisihatcres - Baey
Oligonucleotitdesaccarding ta pnyane of Hig, previausiclaimsyavhetein theueteotidrat the position of
thernSnu%%%F%@%gpggwgg'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 of P-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.J.

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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34. Oligonucleotide according to anyone of the previous claims, wherein at least one of the propyne
modified nucleotides is located adjacent to the mismatch. 35. Oligonucleotide according to anyone
of the previous claims, wherein at least one of the propyne modified nucleotides is located within 2, 3,
4,6, 7, 8,91 oydaunuctestides of theumismatcbt al 3620tigoniklieqticcacrdRgdo anypne of the
previous claims, having a length from, 1 5 clegtides., .. 37..Qligo Ieo% AC r% gto
anyone oﬁt%g]l prg%gé c?grﬁgfwve\/ﬂerg;ltn%ig’ (n%gcﬁ#éde)ﬁéjéqc’tioﬁ% ﬂ%e cP](c%r%gai%?’ : g.if/legt%o ri‘dr
targeted alteratichlofepduples @ctdptor DNA saquénce, comprising-¢ombinimythecdupléexacceptor
DNA sequence with.a dongr, oliganugleptide, wherein the duplex acceptar NA seguengs goptains a
first DNA sequence and a second DNA sequence which is the complement of the first DNA sequence

and wheréifl thé BBREPSRJShLRIEotiTe ComprisER @ dEmARTHaE cBmptides abfedist one mismatch with

respect toithe itipieacceptordaNArseatenee to bealiered, andwhereasy the-oligonueteotide
comprises g section that.contains at least one modified nucleotide having a higher binding affinity
compared G Tty beBuTHag K. €1 DS At wHeIE the Ao v ebnde Brds Sionger o a
nucleotidéximvan bppositesgokition FcthéfirsttDNAseduenee BsCorapared 36 anatuitaily occurring
nucleotide,cqrgplemantary; todhg puicleatide in ap,, appasitexpesitian in the firstDNAsequenge, in the
presence of proteins that are capable of targeted nucleotide exchange and wherein the modified
oligonucleotide s Befiréd irPQairns 70 WHeTein tfie nRéthba & &x Wivd iPtheSGryaRisA? fsiiman.
39. Methoflraggosding i@ Claim3&iahereintherat least one mismatch is with respect to the first DNA
sequence. 40, M rl%dm ac%orgicgleqntg c@laigl 38-39 Whgref;'iﬂ the r?'gerlaéiogri% évrithiend"il cgg. in AL
Method accordinghto claim i& wherein the cell is se%c%ed ror the group conssﬁlng ofa planrf cell, a
fungal celk tadodéntcelbatprirpate’cell, arfurfal celsrageast cdlpbilig2y Mathod actdrling to
anyone ofdheprevigys grethad claims s Whereimn the-Brpteing &g derived from a cell extract. 43.
Method according to claim 42, wherein the_cell extract is selected from the group consisting of a plant

cell extract, a funighF céll eXrAGT A ¥OdBMTENExtARE a primAte CelfextraciCa hufm el &&fact or a
yeast cell extrast: ant 4do Methad asegrdiry toi anyonenef the previaus methed sladmsnahereio the
alteration lIsoar I%iell,[(lati(r)(g, a tsglg)ﬁtétultjio oran igqsiecrltliorcl (% agLIenf{les}1 ne nugleo&icei%.ces 45. Method
according to any of the previous metho claims, wherem the cellis a etﬁ%\ryotlc cell, a plant cell, a
nonhuman mammalian cell or a human cell. 46. Method according to any of the previous method
claims, wherein the target DNA is from fungi, bacteria, plants, mammals or humans. 47. Method
according to any of the previous method claims, wherein the duplex DNA is from genomlic DNA, linear
DNA, mammalian artificial chromosomes, bacterial artificial chromosomes, yeast artificial
chromosomes, plant artificial chromosomes, nuclear chromosomal DNA, organelle chromosomal DNA,
eplsomal DNA. 48. 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 bloactlyTty of an enzyme by altering coding region, modifying a
protein by disrupting the coding region. 49. Use of an oligonucleotTde as defined in claims 1-37,
for altering a cell, correcting a mutation by restoration to wild type, inducing a mutation, inactivating an
enzyme by disruption of coding region, modifying bloactlyTty 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, wherein the use is
ex vivo if the organism is human. 50. Use of an oligonucleotTde as defined in claims 1-37, for
enhanced targeted alteration of a duplex DNA sequence, the duplex DNA sequence containing a first
DNA sequence and a second DNA sequence winch is the complement of the first DNA sequence, the
oligonucleotTde comprising a domain that is capable of hybridising to the first DNA sequence, winch
domain comprises at least one mismatch with respect to the first DNA sequence, and wherein the
oligonucleotTde comprises 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 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 C5-propyne
pyrimidine, wherein the use is ex vivo if the organism is human.

_31_



51. Use of an oligonucleotide as defined in claims 1-37 in a method for providing herbicide
52. Kit comprising an oligonucleotide as defined in claims 1-37.
54. Cell

resistance to plants.

53. Modified genetic material produced by the method of claims 38-48.
comprising the modified genetic material of claim 53, wherein the cells are not transformed

cells within a F@RaR. 1

describedeutaentarence to any one of the Examples and/or figures.

56. 011gonucleotlde

Eo PIgor i fatle o cBidiAg RAERR i1 86 GRRLRF AL Agrdigdi fied oligonucleotides in a cell

according-toany one of claims 1 to 37, substa s herein described. 57. Method __ : _
according%{?chIan Bg, SUbStEMATG N eréh described Wit PéiGrence to any one of the Modification, position INE eff.
Examples andfor Figures. %8. Method accgordingde any ongrefglainisa38to-d8| None 1+ 0.25
substantialty-as-herein-deseribed 59-Use-aceerding to a&".‘_'Tene of elaims 491951
. . . ' g =D-INA, 11, 13 0.5 £ 0.3
substantially as herein gdescribed. 60. Kitlac or%l?r?g ?oggla#n ?(s:gﬁsataﬁt?aﬁly as[{hereln
described.  361. Cell accordifg to claim 54, sUbStntiaHy as diescinUpsefibéd. SEQUENCE 1, 3, 5, 7, 9, 11, 13, |<0.1
LISTING <110> Keygene NV <120> Targeted nucleotide exchange with improved madified; 19 7, 23
oligonucleotides <130> P28851P001/RL A <150> PCT/NL 2007/000159 <151> 2006-06-22
<1603 42 <176> Patentin versitbn 3.3 <210> 1 tGtGcCcCgTcGtAgCcGaAtAgC -D-1LNA, 2, 4, 6, 8, 10 12, 14, <0.1
le6, 18, 20, 22, 24
5 5 tgtgcccagTcgtAgccgaatage -D-LNA, 10, 14 5+ 1
6 6 tgtgcccagTcgtaGeecgaatage -D-LNA, 10, 15 51
7 7 tgtgcccagtCgTagccgaatage o-L-LNA, 11, 13 0.3 £ 0.2
8 8 tgtgcccagTCgTagCCgaatagce o-L-LNA, 10, 11, 13, 16, 17 <0.1
9 9 tgtgcccagTcgtAgccgaatage p-D-glycyl-amino LNA, 10,; B3-D- |<0.1
LNA, 14
10 10 tgtgcccagTcgtAgccgaatagce p-D-adamantyl-amino LNA, 10; (- <0.1
D-LNA, 14
11 11 TGTGcccagtcgtageccgaATAGe Methylphosphonate, 1, 2, 3, 4, <0.1
20, 21, 22, 23
12 12 TGTGCCCAGTCGTAGCCGAATAGC Morpholino <0.1
13 13 tgtgCCCagtCgtagCCgaatagC 5Me-dC, 5, 6, 7, 11, 17, 18, 24 |<0.1
14 14 TGtgcccagtcgtagccgaataGC 2’ -0-Me inosine, 1, 2, 23, 24 1 + 0.25
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<211> 24 <212> DNA <213> Atrtificial <220> <223> non-modified sequence for TNE <400> 1
tgtgcccagt cgtagccgaa tagc24 <210> 2 <211> 24 <212> DNA <213> Artificial <220> <223>

probe for TNE <220> <221> misc_feature <222>(11)..(11) <223> ?-D-LNA <220> <221>

misc feature <???>(1 ) (’I ’2) <223> heta-D-I NA <400> 2 : :
7 15 15 TGtgcccagtCgTagccgaataGC 2’-0-Me inosine, 1, 2, 11, 13, <0.1

23, 24

16 16 tgtgcccAgtcgtAgccgaatage 2-amino-adenine, 8, 14, <0.1

17 17 tgtgcccagTcgtAgccgaatage 6-chloro-2-methoxyacridine, 10, <0.1
14

18 18 TgtgcccagtcgtagccgaatagC 6-chloro-2-methoxyacridine, 1, <0.1
24

19 19 tgtgcccagtCglUagccgaatagce pdC, 11, pdU, 13 3t

20 20 UgUgCCCagUCgUagCCgaalUagC pdC, 5, 6, 7, 11, 16, 17, 24, 6 2
pdu, 1, 3, 10, 21

21 21 tgtgcccagTCgUAgccgaatagce Bp-D-LNA, 10, 14; pdC, 11, pdU 13 |9 %

22 22 UgUgCCCagTCgUAgCCgaaUagC p-D-LNA, 10, 14; pdC, 5, 6, 7, 13 +
11, 16, 17, 24 , pdu, 1, 3, 10,
21
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tgtgcccagt cgtagccgaa tage24 <210> 3 <211> 24 <212> DNA <213> Artificial <220> <223> probe for
TNE <220> <221> misc_feature <222>(1)..(1) <223> beta-D-LNA <221> misc_feature <222>(3)..(3)
<223> bheta-D-LNA <220> <221> misc_feature <222>(5)..(5) <223> beta-D-LNA <220> <221>

rnBQjemﬂﬁa<%%%éz%éZleotides 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 1is
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 BR-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 (-
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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<223> beta-D-LNA <220> <221> misc_feature <222>(9)..(9) <223> beta-D-LNA <220> <221>
misc_feature <222>(11)..(11) <223> beta-D-LNA <220> <221> misc_feature <222>(13)..(13) <223>
beta-D-LNA <220> <221> misc_feature <222>(15)..(15) <223> beta-D-LNA <220> <221>

”“quemgﬁ%é%ég%%§)élzli%%?igg égéfgéégzgﬁ may be expected that they
would also enhance TNE to the same extent or perhaps even
better than (-D-LNA. However, it was shown that
oligonucleotides 7 & 8 are hardly active in our assay,
demonstrating that the B-D-LNA stereoisomer is preferred for
improvement in TNE. The 2’-amino-LNAs show superior DNA binding
compared to other LNA forms due to the addition of extra groups
to the LNA nucleotide that can provide additional DNA
interactions (Singh et al. (1998) J. Org. Chem. 63, 10035).
However, once again, although the binding affinity of
oligonucleotides 9 & 10 is presumably enhanced, the 2’-amino-
LNA derivatives tested eliminate the TNE activity of these
oligonucleotides and hence are less preferred. Oligonucleotides
11, 12, 13 and 16, were not active in TNE in contrast to the
strong enhancement they confer on antisense oligonucleotides.
Oligonucleotide 14, containing 2 2’'-0-Me inosine nucleotides at
either end is as active as an unmodified oligonucleotide, but
the oligonucleotide becomes inactive when the 2’'-0-Me inosine
nucleotides flank the mismatch nucleotide (oligonucleotide 15).
The intercalator 6-chloro-2-methoxyacridine also renders the
oligonucleotide inactive (oligonucleotide 17 & 18). Our data
shows that oligonucleotides containing CS5-propyne pyrimidines
show an enhancement in TNE that is at least partially dependant
upon the number of modified pyrimidines in the oligonucleotide.
This result was surprising when we consider that an equivalent
oligonucleotide containing C5-methyl cytosine (oligonucleotide
13) is inactive. Thus, the effect we observe is completely
dependant upon the group attached to the C5 position of the
pyrimidine. Finally, combination of (-D-LNA nucleotides with
optimal spacing and Ch-propyne pyrimidines on a single
oligonucleotide shows an average of 13 fold enhancement in the

TNE frequency above that of the unmodified oligonucleotide.

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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<221> misc_feature <222>(19)..(19) <223> beta-D-LNA <220> <221> misc_feature <222>(21)..(21)
<223> beta-D-LNA <220> <221> misc_feature <222>(23)..(23) <223> beta-D-LNA <400> 3 tgtgcccagt
cgtagccgaa tagc24 <210> 4 <211> 24 <212> DNA <213> Artificial <220> <223> probe for TNE
<220><2%}?r@%%48a r% unmodified DNA oligonucleotide, we found that its
ability to introduce insertions via TNE was approximately 5
fold lower than its ability to produce substitutions. When we
tested oligonucleotides 5, 19 and 20, containing LNA and/or C5-
propyne pyrimidine nucleotides for their ability to introduce
insertions, in contrast to our data on substitutions, these
modified oligonucleotides did not enhance the efficiency above
that obtained with the unmodified oligonucleotide
(oligonucleotide 1) . However, a synergistic increase in
nucleotide insertion efficiency was obtained when
oligonucleotides 21 or 22 were used. This demonstrated that
both LNA and CS-propyne pyrimidines are preferably both present
on the same oligonucleotide to enhance the efficiency of TNE
whereby a nucleotide i1s inserted into the target. Furthermore,
the difference in efficiency seen between oligonucleotide 20
and oligonucleotide 21 indicates that the number of Cb-propyne

pyrimidine nucleotides in the oligonucleotide may be maximized

to obtain a optimal nucleotide insertion efficiency.

36



<222>(2)..(2) <223> beta-D-LNA <220> <221> misc_feature <222>(4)..(4) <223> beta-D-LNA
<220> <221> misc_feature <222>(6)..(6) <223> beta-D-LNA <220> <221> misc feature
<222>(8)..(8) <223> beta-D-LNA <220> <221> misc_feature <222>(10)-(10) <223>
beta-D-LNA <220> <221> misc_feature <222>(12)..(12) <223> beta-D-LNA

Table 2. Oligonucleotides containing LNA and/or C5-propyne pyrimidines were tested in the cell free

assay for their ability to perform a nucleotide insertion

SEQ ID # | Oligonucleotide Sequence Modification TNE eff.
1 1 tgtgcccagtcgtagccgaatage | none 1 £ 0.2
5 5 tgtgcccagTcgtAgccgaatage | B-D-LNA, 10, 14 1+ 0.7
19 19 tgtgcccagtCgUagccgaatage | pdC, 11, pdU, 13 1.5 £ 0.5
20 20 UgUgCCCagUCgUagCCgaalUagC |pdC, 5, 6, 7, 11, 1le, 17, 24, 1.5 £ 0.5

pdu, 1, 3, 10, 21
21 21 tgtgcccagTCgUAgccgaatage | p-D-LNA, 10, 14; pdC, 11, pdU 2.0 £
13 0.75
22 22 UgUgCCCagTCgUAgCCgaalUagC | p-D-LNA, 10, 14; pdC, 5, 6, 7, 5.0 £+ 1.0
11, 16, 17, 24 , pdu, 1, 3,
10, 21
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<220> <221> misc_feature <222>(14)..(14) <223> beta-D-LNA <220> <221> misc feature
<222>(16)..(16) <223> beta-D-LNA <220> <221> misc_feature <222>(18)..(18) <223> beta-D-LNA
<220> <221> misc_feature <222>(20)..(20) <223> beta-D-LNA <220> <221> misc feature
<222>(22)7.(22) <223> beta-D-LNA <220> <221> misc_feature

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 Cb-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 Cb-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 Cb-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 Cb-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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<222>(24)..(24) <223> beta-D-LNA <400> 4 tgtgccccgt cgtagccgaa tagc24 <210> 5 <211> 24 <212>
DNA <213> Atrtificial <220> <223> probe for TNE <220> <221> misc_feature <222>(10)..(10) <223>
beta-D-LNA <220> <221> misc_feature <222>(14)..(14) <223> beta-D-LNA <400> 5 tgtgcccagt

cgtageeoaaiagesd 2 10miE 4k Tafacco

Tobacco shoot cultures
The source material for this example is tobacco iIn VItro

shoot cultures, grown aseptically in glass jars (750 ml) in
MS20 medium at a temperature of 25/20°C (day/night) and a
photon flux density of 80 pE.m?.s™' (photoperiod of 16/24 h).
MS20 medium is basic Murashige and Skoog's medium (Murashige,
T. and Skoog, F., Physiologia Plantarum, 15: 473-497, 1962)

containing 2% (w/v) sucrose, no added hormones and 0.8% Difco

agar. The shoots are subcultured every 3 weeks to fresh medium.

Protoplast isolation
For the isolation of mesophyll protoplasts, fully expanded

leaves of 3-6 week old shoot cultures are harvested. The leaves
are sliced into 1 mm thin strips, which are then transferred to
large (100 mm x 100 mm) Petri dishes containing 45 ml MDE basal
medium for a preplasmolysis treatment of 30 min. MDE basal
medium contained 0.25 g KC1, 1.0 g MgSO4.7H,0, 0.136 g of

KH,PO4, 2.5 g polyvinylpyrrolidone (MW 10,000), 6 mg naphthalene
acetic acid and 2 mg 6-benzylaminopurine in a total volume of
900 ml. The osmolality of the solution is adjusted to 600
mOsm.kg ' with sorbitol, the pH to 5.7.

After preplasmolysis, 5 ml of enzyme stock is added to
each Petri dish. The enzyme stock consists of 750 mg Cellulase
Onozuka R10, 500 mg driselase and 250 mg macerozyme R10 per 100
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 pm 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. KCl wash medium consisted of 2.0
g CaCl,.2H,0 per liter and a sufficient gquantity of KCl to bring
the osmolality to 540 mOsm.kg '.

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

nutrients of MS medium (Murashige, T. and Skoog, F.,

39



<212> DNA <213> Artificial <220> <223> probe for TNE <220> <221> misc_feature <222>(10)..(10)
<223> beta-D-LNA <220> <221> misc feature <222>(15)..(15) <223> beta-D-LNA <400> 6 tgtgcccagt
cgtagccgaa tagc24 <210> 7 <211> 24 <212> DNA <213> Artificial <220> <223> Probe for TNE <220>

<221> mighJeql¥dgia Plantarum, 15: 473-497, 1962) at half the normal
concentration, 2.2 g of CaCl,.2H,0 per liter and a quantity of
mannitol to bring the osmolality to 540 mOsm.kg™’, and finally
with the protoplasts resuspended in MLs medium, which is MLm
medium with mannitol replaced by sucrose.

The protoplasts are recovered from the floating band in
sucrose medium and resuspended in an equal volume of KC1l wash
medium. Their densities are counted using a haemocytometer.
Subsequently, the protoplasts are centrifuged again in 10 ml
glass tubes at 85 x g for 5 min and the pellets resuspended at
a density of 1 x 10° protoplasts ml™’ in electroporation medium.
All solutions are kept sterile, and all manipulations are done

under sterile conditions.

ALS target gene and design of oligonucleotides

In the tobacco acetolactate synthase (ALS) SurA gene (Gene
Bank Accession X07644) the amino acid conversions P194Q and
W571L render the ALS protein insensitive to the sulfonylurea
herbicide chlorsulfuron. Two oligonucleotides have been
designed to introduce a base pair mutation in the SurA codons
coding for these amino acids. SEQ ID NO 23 will generate a
P194Q mutation and SEQ ID NO 24 the W571L mutation. In both
oligonucleotides all C and T residues are propynylated (in such
an oligonucleotide deoxythymidine is replaced by 5-(1-
propynyl) -2’ -deoxyuridine), except for the deoxythymidine
mismatch nucleotide in oligonucleotide SEQ ID NO 23 1, that
corresponds to the position of the intended point mutation.
Propynylated cytosine or uracil nucleotides are indicated Cp or
Up in SEQ ID NO 23 and SEQ ID NO 24. Furthermore, at the
positions two nucleotides away on either side from the mismatch
nucleotide, LNA residues have been incorporated (indicated A%,
T, C” or G” in SEQ ID NO 23 and SEQ ID NO 24 ). Control
single strand oligonucleotides consist of only normal DNA
residues (no C5 propyne pyrimidines nor LNA residues) with the
same nucleotide sequences.

5" UpCpAGUpACPpCpUpAUpCpAUpCpCpUpACPG"UpTGC"ACPUpUpGACPpCpUpPG

UpUpAUpPAG3’ [SEQ ID NO:23 ]
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<222>(11)..(11) <223> alpha-L-LNA <220> <221> misc feature <222>(13)..(13) <223> alpha-L-LNA
<400> 7 tgtgcccagt cgtagccgaa tagc24 <211> 24 <212> DNA <213> Atrtificial <220> <223> Probe for
TNE <220> <221> misc_feature <222>(10)..(11) <223> alpha-L-LNA <220> <221> misc_feature

<222>(13)..(13) 52282 BN b AR CoCpEAUPCPCPUPC A CORATAUPGAACHCPACPCPAUPUD
CpCpCpAA3’ [SEQ ID NO:24]

CodA target gene and design of oligonucleotides

For TNE aimed at base pair conversions, the ALS gene is a
useful selectable marker gene, because single base changes at
specific positions lead to single amino acid conversions, which
in turn provide resistance to sulfonylurea herbicides. For TNE
aimed at creating a single base insertion or deletion (indel),
ALS is not useful as a selectable marker gene, because a single
base indel will cause a frameshift of the Open Reading Frame of
the gene, and thus a nonfunctional protein. Selection on
sulfonylurea herbicides is therefore not possible.

Coda, a bacterial gene coding for cytosine deaminase, can
be used as a negative selectable marker (Stougaard, Plant
Journal 3: 755-761, 1993). Plant cells expressing this gene and
exposed to 5-fluorocytosine (5-FC) will die from irreversible
inhibition of the thymidylate synthase pathway by 5-
fluorouracil (5-FU), which is formed by deamination of 5-FC
catalyzed by the gene product of CodA. Frameshift mutations
introduced in the COdA sequence by the action of
oligonucleotides will render the gene nonfunctional, and such
plant cells resistant to 5-FC.

In this example, the COdA negative selection system is
exploited for the selection of tobacco cells undergoing an
indel mutation due to the action of oligonucleotides. To this
end, tobacco SR1 plants have been created that express the
bacterial CodA gene from a CaMV 35S promoter, by Agrobacterium-
mediated transformation as in Stougaard (Plant Journal 3: 755-
761, 1993). Transformed plants have been tested for the correct
response on 5-FC, and were maintained as In Vvitro shoot
cultures as described above. In this example, a specific
version of the CodA gene has been used, that has been optimized
for plant codon usage in order to enhance its translation
efficiency in plant cells. The sequence of the codon-optimized

Coda gene is:
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<220> <221> misc feature <222>(16)..(17) <223> alpha-L-LNA <400> 8 tgtgcccagt cgtagccgaa tagc24
<210> 9 <211> 24 <212> DNA <213> Artificial <220> <223> Probe for TNE <220> <221>
misc_feature <222>(10)_(10) <223> beta-D-glycyl-amino LNA, <220> <221> misc_feature

<222>(14)...(14) 5223z 01RO TN 100 R AR EGAY LOIRGCFRAR 188624 coacARGAGGEAC
TTTGGCAGATTCATCTTCAGGATGGAAAGATCTCTGCTATCGATGCTCAGTCTGGAGTGATGC
CTATCACTGAGAACTCTCTTGATGCTGAGCAGGGACTTGTTATTCCTCCTTTCGTGGAGCCTC
ACATCCATCTTGATACAACTCAGACTGCTGGACAACCTAATTGGAACCAGTCTGGAACTCTTT
TCGAGGGAATCGAAAGATGGGCTGAGAGAAAGGCTCTTCTTACTCACGATGATGTGAAGCAAA
GGGCTTGGCAAACTCTTAAGTGGCAGATCGCTAACGGAATTCAGCATGTGAGGACTCATGTGG
ATGTGTCTGATGCTACTCTTACTGCTCTTAAGGCTATGCTGGAAGTGAAGCAGGAAGTCGCGC
CGTGGATTGATCTTCAGATCGTGGCTTTCCCTCAAGAGGGAATCCTTTCTTACCCTAACGGAG
AGGCTCTTCTTGAAGAGGCTCTTAGGCTTGGAGCTGATGTTGTTGGAGCTATCCCTCACTTCG
AGTTCACTAGGGAATACGGAGTTGAGTCTCTTCACAAGACTTTCGCTCTTGCTCAGAAGTACG
ATAGGCTTATCGATGTTCACTGCGATGAGATCGATGATGAGCAGTCAAGATTCGTTGAGACTG
TGGCTGCTCTTGCTCATCATGAAGGAATGGGAGCTAGAGTTACTGCTTCTCACACTACTGCTA
TGCACTCTTACAACGGAGCTTACACTTCTAGGCTTTTCGGCTTCTTAAGATGTCTGGTATCAA
CTTCGTGGCTAACCCTCTTGTGAACATCCATCTTCAGGGAAGATTCGATACTTACCCTAAGAG
GAGGGGAATTACTAGGGTGAAGGAGATGCTTGAGTCAGGTATCAATGTGTGCTTCGGACACGA
TGATGTTTTCGATCCTTGGTATCCTCTTGGAACTGCTAACATGCTTCAGGTGTTGCATATGGG
ACTTCATGTGTGCCAACTTATGGGATACGGACAGATCAACGATGGACTTAACCTTATCACTCA
CCACTCTGCTAGGACTCTTAACCTTCAGGATTACGGAATTGCTGCTGGAAACTCTGCTAACCT
TATCATCCTTCCTGCTGAGAATGGATTCGATGCTCTTAGGAGGCAAGTTCCTGTTAGGTACTC
TGTTAGGGGAGGAAAGGTGATCGCTTCTACTCAACCTGCTCAGACTACTGTTTACCTTGAGCA
GCCTGA [SEQ ID NO:25].

An oligonucleotide has been designed to introduce a single
base pair insertion at a position in the 5' end of the Coda
gene. Propynylated cytosine or uracil nucleotides are indicated
Cp or Up. At the positions two nucleotides away on either side
from the nucleotide corresponding to the intended insertion
(insertion nucleotide, underlined), LNA residues have been
incorporated (indicated A®, T", C” or G"). Control single
strand oligonucleotides consist of only normal DNA residues (no
C5 propyne pyrimidines nor LNA residues) with the same

nucleotide sequence.

5'GAAGUpCpUpAGCPpGUpUpGAUPGA*UpGAG"UpCpUpGAAGAGCPpGUpUpGUPpUpP
AGA3' [SEQ ID NO:26]

Protoplast electroporation

Using PHBS as an electroporation medium (10mM Hepes, pH
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<210> 10 <211> 24 <212> DNA <213> Artificial <220> <223> Probe for TNE <220> <221>
misc_feature <222>(10)-(10) <223> beta-D-adamantyl-amino LNA <220> <221> misc_feature
<222>(14)..(14) <223> beta-D- LNA <400> 10 tgtgcccagt cgtagccgaa tagc24 <210> 11 <211> 24

<212> DNA %21%> ZAhI’MI%%J {20> <22133>0 tﬁ: oy TN5E m%%g&%%}ﬁwacwfle@glﬂg <222>(1)..(4)
<223> methylphosphonate linkages'<220>
protoplast density in the electroporation mixture of ca. 1x10°

per ml, the electroporation settings are 250V (625 V cm ')
charge and 800 uF capacitance with a recovery time between

pulse and cultivation of 10 minutes. For each electroporation
ca. 1-2 pg oligonucleotide are used per 800 microliter

electroporation = 25 ug/ml.

Protoplast regeneration and selection

After the electroporation treatment, the protoplasts are
placed on ice for 30 min to recover, then resuspended in Ty
culture medium at a density of 1 x 10° protoplasts ml™*. T,
culture medium contained (per liter, pH 5.7) 950 mg KNOs3, 825
mg NH4NO;, 220 mg CaCl,.2H,0, 185 mg MgSO4.7H;0, 85 mg KH,PO,,
27.85 mg FeSO4.7H,0, 37.25 mg Na,EDTA.2H,0, the micro-nutrients
according to Heller's medium (Heller, R., Ann Sci Nat Bot Biol
Veg 14: 1-223, 1953), vitamins according to Morel and Wetmore's
medium (Morel, G. and R.H. Wetmore, Amer. J. Bot. 38: 138-40,
1951), 2% (w/v) sucrose, 3 mg naphthalene acetic acid, 1 mg 6-
benzylaminopurine and a quantity of mannitol to bring the
osmolality to 540 mOsm.kg™*

The protoplasts resuspended in Ty culture medium are then
mixed with an equal volume of a solution of 1.6% SeaPlaque Low
Melting Temperature Agarose in Ty culture medium, kept liquid
after autoclaving in a waterbath at 30°C. After mixing, the
suspension is gently pipetted in 2.5 ml aliquots into 5 cm
Petri dishes. The dishes are sealed and incubated at 25/20°C
(16/24 h photoperiod) in the dark.

After 8-10 days incubation in the dark, the agarose medium
is cut into 6 equal pie-shaped parts, which are transferred to
10 cm Petri dishes each containing 22.5 ml of liquid MAP,;AO
medium. This medium consisted of (per liter, pH 5.7) 950 mg
KNOs3, 825 mg NH4NO3, 220 mg CaCl,.2H,0, 185 mg MgSO,.7H,0, 85 mg
KH,PO4, 27.85 mg FeSO,.7H,0, 37.25 mg Na,EDTA.2H,0, the micro-
nutrients according to Murashige and Skoog's medium (Murashige,

T. and Skoog, F., Physiologia Plantarum, 15: 473-497, 1962) at

43



<221> misc_feature <222>(20).. (23) <223> methylphosphonate linkages <400> 11 tgtgcccagt
cgtagccgaa tagc24 <210> 12 <211> 24 <212> DNA <213> Artificial <220> <223> Probe for TNE
<220> <221> misc_feature <222>(1)..(24) <223> morpholino modified nucleotides <400> 12

el AR BOEA S0 B A A N e L R0 g Sroe
Morel and Wetmore's medium (Morel, G. and R.H. Wetmore, Amer.
J. Bot. 38: 138-40, 1951), 6 mg pyruvate, 12 mg each of malic
acid, fumaric acid and citric acid, 3% (w/v) sucrose, 6% (w/v)
mannitol, 0.03 mg naphthalene acetic acid and 0.1 mg 6-
benzylaminopurine. For purposes of selection of colonies with a
successful TNE event, 41 nM chlorsulfuron, or 250 pg.ml™* 5-FC
is also added to the medium. The Petri dishes are incubated at
25/20°C in low light (photon flux density of 20 pE.m?.s™!) at a
photoperiod of 16/24 h. After two weeks, the Petri dishes are
transferred to full light (80 pE.m?.s™'). During this period of
selection, most protoplasts died. Only protoplasts, in which
through the action of the oligonucleotides a base change has
occurred in the target gene so as to confer resistance to the
herbicide or 5-FC, divide and proliferate into protoplast-
derived microcolonies.

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

After 2-3 weeks of growth on this solid medium, the
colonies are transferred to regeneration medium RP, 50 colonies
per 10 cm Petri dish. RP medium consisted of (per liter, pH
5.7) 273 mg KNO3, 416 mg Ca (NOs)..4H,O0, 392 mg Mg (NO3),.6H,0, 57
mg MgSO4.7H,0, 233 mg (NHg) 2S04, 271 mg KHyPO4, 27.85 mg
FeS0O4.7H,0, 37.25 mg Na,EDTA.2H,0, the micro-nutrients according
to Murashige and Skoog's medium (Murashige, T. and Skoog, F.,
Physiologia Plantarum, 15: 473-497, 1962) at one fifth of the
published concentration, vitamins according to Morel and
Wetmore's medium (Morel, G. and R.H. Wetmore, Amer. J. Bot. 38:
138-40, 1951), 0.05% (w/v) sucrose, 1.8% (w/v) mannitol, 0.25
mg zeatin and 41nM chlorsulfuron, or 250 pg.mlq'S—FC, and 1is

solidified with 0.8% (w/v) Difco agar.
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<221> modified_base <222>(11)..(11) <223> m5c <221> modified_base <222>(17)..(18) <223> m5c
<220> <221> modified base <222> (24).124) <223> m5c <400> 13 tgtgcccagt cgtagccgaa tagc24
<210> 14 <211> 24 <212> DNA <213> Atrtificial <220> <223> Probe for TNE <220> <221> modified

base <222>(1)--(3&1§2§%§ fl(%:lb./l(:eal Jc_)gi_pe %2%__0;]:<<2§%1> mOdIerd base

DNA is isolated from chlorsulfuron or 5-FC resistant
resistant tobacco microcolonies using the DNeasy 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’ CCCGTGGCAAGTACTTTGAT [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 (Nneo0) 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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<222>(23)..(24) <223> 2'0-Me Inosine <400> 14 tgtgcccagt cgtagccgaa tagc24 <210> 15 <211> 24
<212> DNA <213> Artificial <220> <223> Probe for TNE <220> <221> modified_base <222>(1)..(2)
<223> 2'-0-Me inosine, <220> <221> modified base <222>(11)..(13) <223> 2'-0-Me inosine, <220>

<221> mogdifieybase,$2223(23).(24), 52233 250 Me osie s 5135, 1992) by
introduction of a defective nNeo gene driven by the MC1l
promoter. The defective Neo gene contains two extra nucleotides
GT immediately downstream from the ATG start codon of neo,
resulting in a frameshift (Dekker et al., Nucl. Acids Res. 31,
No.6 e27, 2003). The cells are grown in BRL conditioned medium

For TNE experiments, cells were dispensed at a density of
7 x 10° per well of a 6-well plate for 24 h. Then, to each well
is added 1.4 ml serum-free medium, 10 pg of oligonucleotides
and 63 pl of TransFast™ lipofection reagent (Promega). After 1
h, 4 ml of serum-containing medium is added, and the cells are
incubated overnight. After 24 h of selection-free incubation,
the cells are grown in selective medium containing 100 mg.l™! of
G418. After 10 days, G4l8-resistant colonies are counted.

The oligonucleotide to be used to repair the frameshift
mutation consists of a 36-mer corresponding to the sequence of
the coding strand of the regio of the neo gene around the ATG
start codon, but without the GT nucleotides that had been
introduced in nNeo in order to create a frameshift mutation.
Furthermore, all cytosine or thymidine nucleotides are
propynylated, indicated below by Cp or Tp. At the positions two
nucleotides away on either side from the frameshift insertion,
LNA residues have been incorporated (indicated A", T, C® or
G”) . Control single strand oligonucleotides consist of only
normal DNA residues (no C5 propyne pyrimidines nor LNA
residues), and contain the GT frameshift mutation. The
oligonucleotide sequence is as follows:

5'TpCpTpAGAGCPCpGCpCpACPCPAT "GAT "CpACPCpGATPGCPATPCPGAG3 "' [SEQ
ID NO: 33 ]
DNA is extracted from G418-resistant colonies, and

subjected to PCR in order to amplify the region surrounding the
Neo start codon. The PCR fragments are subsequently sequenced
in order to verify the correct repair of the frameshift

mutation.

Example 4
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<400> 15 tgtgcccagt cgtagccgaa tage24 <210> 16 <211> 24 <212> DNA <213> Artificial <220>
<223> Probe for TNE <220> <221> modified base <222>(8)..(8) <223> 2-amino-adenine <220>
<221> modified_base <222>(14)..(14) <223> 2-amino-adenine <400> 16 tgtgcccagt cgtagccgaa

tagngA' ;2%0> eed gl sstfa PN aadiz M Tiliciab 5228 1281 aAURPT YR srdlin) <221>
moditie Uc%:.ng C5-propyne and LNA modified oligonucleotides

Acetolactate synthase (ALS, also referred to as acetohydroxy
acid synthase; AHAS) is the first common enzyme in the
biosynthetic pathway to the branched chain amino acids wvaline,
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 ALS2 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 CS-propyne and LNA modified
oligonucleotides into tomato leaf protoplasts designed to alter
the ©P184 codon in ALS2 (or P184 in ALS1l) 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 CS5-propyne and LNA modifications as we observed

when using the cell free system.

Materials and Methods
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<222>(10)..(10) <223> 6-chloro-2-methoxyacridine substitution <220> <221> modified base
<222>(14)..(14) <223> 6-chloro-2-methoxyacridine substitution <400> 17 tgtgcccagt cgtagccgaa
tagc24 <210> 18 <211> 24 <212> DNA <213> Atrtificial <220> <223> Probe for TNE <220> <221>
modified_base <222>(1)..(1) <223> 6-chloro-2-methoxyacridine substitution <220> <221>
modified _gﬁ%ggggi@gfg.i@élg <223> 6-chloro-2-methoxyacridine substitution <400> 18 tgtgcccagt
cgtagccgaa tagcz24

The sequences of the regions of ALS1 and ALS2 containing

the P184/186 codons (uppercase) are shown below. Single
nucleotide polymorphisms between ALS1 and ALS2 are shown in
bold.

ALS1 gattgttgctattacaggtcaagtgCCAaggaggatgattggtactgatgcgt P186
[SEQ ID NO 34]

ALS2 gattgttgctattaceggtcaagtgCCGaggaggatgattggtactgatgegt 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 Cb5-propyne and LNA modified nucleotides and serves as a
control. The designs include phosphorothioate 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 P1840Q
SEQ ID NO 37 44 A*z*y*A*zyyzyyVyTGWwAyzzG*A*y*y*G P184Q
SEQ ID NO 38 80 G*z*A*y*GzAyAxzCAxXzZAYGZzA*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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<211> 24 <212> DNA <213> Avrtificial <220> <223> Probe for TNE <220> <221> modified base

<222>(11)..(11) <223> 5-(1-propynyl)-2'-deoxycytidine <220> <221> modified base <222>(13)..(13)
<223> 5-(1-propynyl)-2'-deoxyuridine <400> 19 tgtgcccagt cguagccgaa tagc24 <210> 20 <211> 24
<212> DNA <213> Artificial <220> <223> probe for TNE <220> <221> modified_base <222>(1)..(1)

<223>54%3%9@%D@Q4%ﬁ@0§$§¥ﬁ%%ation of tomato leaf protoplasts has been
previously described (Shahin, 1985 Theor.Appl.Genet. 69: 235-
240; Tan et al. 1987 Theor.Appl.Genet. 75: 105-108; Tan et al.
1987 Plant Cell Rep. 6: 172-175) and the solutions required can
be found in these publications. Briefly, Solanum lycopersicum
seeds were sterilized with 0.1% hypochlorite grown In Vitro on
sterile MS20 medium in a photoperiod of 16/8 hours at 2000 lux
at 25°C and 50-70% relative humidity. 1g of freshly harvested
leaves were placed in a dish with 5ml CPWSM and, using a
scalpel blade, cut perpendicular to the main stem every mm.
These were transferred a fresh plate of 25ml enzyme solution
(CPWOM containing 2% cellulose onozuka RS, 0.4% macerozyme
onozuka R10, 2.4-D (2mg/ml), NAA (2mg/ml), BAP (2mg/ml) pH5.8)
and digestion proceeded overnight at 25°C in the dark. The
protoplasts were then freed by placing them on an orbital
shaker (40-50 rpm) for 1 hour. Protoplasts were separated from
cellular debris by passing them through a 50um sieve, and
washing the sieve 2x with CPWSOM. Protoplasts were centrifuged
at 85g, the supernatant discarded, and then taken up in half
the volume of CPWSOM. Protoplasts were finally taken up in 3ml
CPWOM and 3ml CPW18S was then added carefully to avoid mixing
the two solutions. The protoplasts were spun at 85g for 10 mins
and the viable protoplasts floating at the interphase layer
were collected using a long pasteur pipette. The protoplast
volume was increased to 10ml by adding CPWOM and the number of
recovered protoplasts was determined in a haemocytometer.

Oligonucleotides were introduced into tomato protoplasts

by electroporation using a Gene Pulser (BioRad). The
protoplasts were resuspended in PHBS as an electroporation
medium (10mM HEPES, pH 7.2; 0.2M mannitol, 150mM NaCl, 5mM
CaCl2) at a density of 1x10°/ml in 0.4cm electroporation
cuvettes. 5ug of oligonucleotide was added to 1Iml of protoplast
suspension, and electroporation was performed at 250V (625 C
cm™') and 800uF capacitance. Protoplasts were then carefully

removed from the cuvette and transferred to a fresh tube and
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<220> <221> modified base <222>(3)..(3) <223> 5-(1-propynyl)-2'-deoxyuridine <220> <221>
modified base <222>(5)..(7) <223> 5-(1-propyny1)-2'-deoxycytidine <220> <221> modified base
<222>(10)..(10) <223> 5-(1-propynyl)-2'-deoxyuridine <220> <221> modified_base <222>(11)..(11)

2 ARSI SOOI R i IR 2%

mins, the supernatant removed, and 2ml of fresh 9M added.
Protoplasts were embedded in alginate solution for

regeneration. 2ml of alginate solution was added (mannitol
90g/1, CaCl,;.2H,0 140mg/1l, alginate-Na 20g/1 (Sigma A0602)) and
was mixed thoroughly by inversion. Iml of this was layered
evenly on a Ca-agar plate (72.5 g/1 mannitol, 7.35 g/1
CaCl,.2H,0, 8g/l agar) and allowed to polymerize. The alginate
discs were then transferred to 4cm Petri dishes containing 4ml
of K8p culture medium and incubated for 7 days in the dark at
30°C. Then discs were then cut up into 5mm broad strips and
layered on TM-DB callus induction medium containing 20nM
chlorsulfuron. Herbicide resistant calli appeared after 4-5
weeks incubation at 30°C, and individuals were then transferred

to GM-ZG medium for further growth. After 2-3 weeks on this

medium, part of the callus was used for DNA isolations.

Analysis of tomato calli

Genomic DNA was isolated from 5 week old calli using the Plant
DNAeasy Kit (Qiagen, #69104). Primers were designed to
specifically amplify either ALS1 or ALS2. For ALS1l we used the
primers 082769 (5’ GAAAGGGAAGGTGTTACGGATGTA SEQ ID NO 39) and
082770 (5’ CTTGATTGCGAACACCCACC SEQ ID NO 40); for ALS2 the
primers 082773 (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 sequenced. To confirm the nucleotide changes, the
blunt PCR fragments generated with the proofreading enzyme were
A-tailed using Taq DNA polymerase (100ng product (5ul) + 1ul
PCR buffer + 1ul dNTP’s (20mM) + 1U Taq 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. colil, 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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<222>(21)..(21) <223> 5-(1-propynyl)-2'-deoxyuridine <221> modified base <222>(24)..(24) <223>
5-(1-propynyl)-2'-deoxycytidine <400> 20 ugugcccagu cguagccgaa uagc24 <210> 21 <211> 24
<212> DNA <213> Artificial <220> <223> probe for TNE <220> <221> modified_base <222>(10)..(10)

<223> betq A <2602 52 odified pase <222>(11)..(11) <223> .
5{1¢N0pﬁ%%_%&aegﬁggﬁdﬁéﬁrgf% 6d pase s2e2z(fh)--{y egg§y sequenced using

M13 primers.

Results

Two independent experiments were performed to test whether the
efficiency of TNE in tomato was enhanced using oligonucleotides
containing CbS-propyne and LNA modifications. The results are

shown in table 4.

Table 4
Oligonucleotide | Protoplasts # # calli per
transformed' | chlorsulfuron 108
resistant protoplasts
calli
95 9 x 10° 1 0.11
44 4.5 x 10° 4 0.88
80 2.5 x 10° 0 0
none 9 x 10° 0 0

Oligonucleotide 44 containing both C5-propyne and LNA modified
nucleotides gave approximately 8 fold more calli than oligo 95
consisting of unmodified DNA. The sequence of both of these
oligonucleotides is identical. Oligonucleotide 80 is a
“scrambled” oligonucleotide 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 ALS1 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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<220> <221> modified_base <222>(13)..(13) <223> 5- (1-propynyl) -2 T -deoxyuridine <220> <221>
modified base <222>(14)..(14) <223> beta D LNA <400> 21 tgtgcccagt cguagccgaa tagc24 <210> 22
<211> 24 <212> DNA <213> Artificial <220> <223> probe for TNE <220> <221> modified base

;_Zé?;r(jg yt%/ l,l;%_?t %% g)rg%dr%%%! g%? 8§ Heoxyynding, 52202192212 modified base 52227(3)- {FL<223>
nucleotide changes. We then proceeded to clone and sequence
individual PCR products derived from ALSlor ALS2. The results
of the sequence analysis are shown in figure 5. Calli D and E
showed a CCA to TCA change (P186S) at ALS2 and ALS1
respectively, while callus G showed a CCA to TTA alteration
(P186L) at ALS1l. Studies in tobacco have shown that any amino
acid change at the conserved proline residue in the tobacco ALS
orthologs (SUrA or SurB) confer chlorsulfuron resistance
(Kochevenko et al. 2003 Plant Phys. 132: 174-184). Therefore,
the P186/184 codon of ALS1 or ALS2 is ideal to detect
unexpected nucleotide changes, as such events will also lead to
a herbicide resistant phenotype.

Our results demonstrate in general that the Cb-propyne
and LNA modifications do not inhibit the generation of
nucleotide alterations in the genome and in particular in the
genome of tomato. Furthermore, this type of modification
increase the efficiency of targeted nucleotide 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 VILro 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 nucleotide 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 ALS1 or ALS2, 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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<221> modified base <222>(5)..(7) <223> 5-(1-propynyl)-2'-deoxycytidine <220> <221>
modified_base <222>(10)..(10) <223> beta-D-LNA <220> <221> modified_base <222>(10)..(10)
<223> 5-(1-propyny1)-2'-deoxyuridine <220> <221> modified_base <222>(11)..(11) <223>

S-(L-propyryl);Z-deexyeyiiing 220 3311 moslied,Pose 722240 () AT S LNA
change. In our analysis of callus D, also produced using an
unmodified DNA oligonucleotide, we observed an unexpected
nucleotide change. This suggests that there may be other
factors in the cell which are affecting the repair process
which do not play a role in the cell free system, making the
step form a cell free assay to an in vivo assay not a simple
one. However, we showed that an oligonucleotide containing Cb5-
propyne modifications did produce unexpected nucleotide changes
in the cell free system, suggesting that the modified
nucleotides themselves are contributing to a more “error prone”
repair. It is therefore noteworthy that callus G, showing a CCA
to TTA change, was produced using a modified oligonucleotide.

Several studies have suggested that the nucleotide changes
produced in human cells after treatment with oligonucleotides
are due to integration of the oligonucleotide at the target
site (Radecke et al. 2006 J. Gene Med. 8: 217-218). However,
oligonucleotide integration cannot explain the results we have
obtained in tomato. Firstly, oligonucleotide integration would
result in the expected nucleotide alteration (P184Q) which we
did not observe. Secondly, we also found nucleotide changes in
ALS1 using oligonucleotides targeted to ALS2. Integration of
this oligonucleotide at ALS1 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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<222>(16)..(17) <223> 5-(1-propynyl)-2'-deoxycytidine <220> <221> modified_base <222>(21)..(21)
<223> 5-(1-propynyl)-2'-deoxyuridine <220> <221> modified base <222>(24)..(24) <223>
5-(1-propynyl)-2'-deoxycytidine <400> 22 ugugcccagt cguagccgaa uagc24 <210> 23 <211> 40 <212>

DNA <213> Artifici IT<ZIZQ> 2237 oia for TNE <220> <221> modified_base <222>(1)..(1) <223>
5-(1-propyny1)-2!@d%vxyunogne—<?%%{>—§?- ' 1> modified_base <222>(2)..(2)
1. An oligonucleotide for 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 comprises
at least one 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
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.

2. Oligonucleotide according to claim 1, wherein the at
least one LNA is positioned at a distance of at most 10

nucleotides from the mismatch.

3. Oligonucleotide according to claim 1 or 2, wherein at

least 2 nucleotides are LNAs.

4., Oligonucleotide according to claim 1 or 2, wherein at

least 3 nucleotides are LNAs.

5. Oligonucleotide according to claim 1 or 2, wherein at

least 4 nucleotides are LNAs.
6. Oligonucleotide according to any of claims 1-5, wherein

the LNAs are distributed independently over a distance of from

both sides of the mismatch.
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<223> 5-(1-propyny1l)-2'-deoxycytidine <220> <221> modified_base <222>(5)..(5) <223>
5-(1-propynyl)-2'-deoxyuridine <220> <221> modified_base <222>(7)..(8) <223>
5-(1-propynyl)-2'- deoxycytidine <221> modified base <222>(9)..(9) <223>

ey SEAATE SR S M O BN, wnerein
5(1[NOpﬁﬂﬂ)@ﬂ@éoﬁﬁﬁmaﬁﬁﬁ%zgmied independently over a dlstance of at

most 6 nucleotides from both sides of the mismatch.

8. Oligonucleotide according to any of claims 1-5, wherein
the LNAs are distributed independently over a distance of at

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

9. Oligonucleotide according to any of claims 1-8, wherein

2, nucleotides are LNAsS.

10. Oligonucleotide according to any of claims 1-8,

wherein 3 nucleotides are LNAs.

11. Oligonucleotide according to any of claims 1-8,

wherein 4 nucleotides are LNAs.

12. Oligonucleotide according to anyone of the previous
claims, wherein at most 40 % of the modified nucleotides of the

oligonucleotide are LNAs.

13. Oligonucleotide according to anyone of the previous
claims, wherein at most 30 % of the modified nucleotides of the

oligonucleotide are LNAs.

14. Oligonucleotide according to anyone of the previous
claims, wherein at most 25 % of the modified nucleotides of the

oligonucleotide are LNAs.

15. Oligonucleotide according to anyone of the previous
claims, wherein at most 20 % of the modified nucleotides of the

oligonucleotide are LNAs.

16. Oligonucleotide according to anyone of the previous
claims, wherein at most 10 % of the modified nucleotides of the

oligonucleotide are LNAs.
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<221> modified_base <222>(14)..(14) <223> 5-(1-propyny1)-2'-deoxyuridine <220> <221> modified
base <222>(15)..(16) <223> 5-(1-propyny1)-2'-deoxycytidine <220> <221> modified base
<222>(17)..(17) <223> 5-(1-propynyl)-2'-deoxyuridine <220> <221> modified_base <222>(19)..(19)

<225~ 5L PropyII A deamilne S0 S modied fpseGPURD (DR ooked
claims, wherein the modified nucleotlde are independently

positioned on the 5’ side and/or on the 3’ side of the

mismatch.

18. Oligonucleotide according to anyone of the previous
claims, wherein two LNA modified nucleotides located on one
side of the 5’ or the 3’ side of the mismatch are separated

from each other by at least one base pairs.

19. Oligonucleotide according to anyone of the previous
claims, wherein two LNA modified nucleotides located on one
side of the 5’ or the 3’ side of the mismatch are separated

from each other by at least two base pairs (nucleotides).

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

pyrimidine is cytosine, uracil or thymidine.

21. 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.

22. 0Oligonucleotide according to anyone of the previous
claims, wherein, independently, at least 50 % of the
pyrimidines and/or purines are replaced by their respective

propynylated derivatives.

23. Oligonucleotide according to anyone of the previous
claims, wherein, independently, at least 75 % of the
pyrimidines and/or purines are replaced by their respective

propynylated derivatives.

24. Oligonucleotide according to anyone of the previous

claims, wherein, independently, at least 90 % of the
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<223> 5-(1-propyny1l)-2'-deoxyuridine <220> <221> modified base <222>(24)..(24) <223> locked
nucleic acid <220> <221> modified_base <222>(26)..(26) <223> 5-(1-propyny1)-2'-deoxycytidine
<220> <221> modified base <222>(27)..(28) <223> 5-(1-propyny1l)-2'-deoxyuridine <220> <221>

modified_hase <222>(3 ). <223> 5-(1-propynyl)-2'-deoxycytidin <220> <221>mo ified_base
<222>(32 %§§§n< ]2%(;%0-1?%é%oop%néffigggox£%§ti%ﬁ)ﬁélqjcg%{ %y whe ¢ eg}g&t %
propynylate erivatives.

25. Oligonucleotide according to anyone of the previous

claims, wherein modified nucleotide is a pyrimidine.

26. Oligonucleotide according to anyone of the previous

claims, wherein modified nucleotide is a purine.

27. 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.

28. Oligonucleotide according to anyone of the previous
claims, wherein the oligonucleotide comprises at least 2
sections that independently contain at least 2 modified

nucleotides.

29. Oligonucleotide according to anyone of the previous
claims, wherein the oligonucleotide comprises at least 2
sections that independently contain at least 3, 4, 5, 6, 7, 8,

9 or 10 modified nucleotides.

30. Oligonucleotide according to anyone of the previous
claims, wherein the oligonucleotide comprises at least 3
sections that independently contain at least 2 modified

nucleotides.

31. Oligonucleotide according to anyone of the previous
claims, wherein the oligonucleotide comprises at least 3
sections that independently contain at least 3, 4, 5, 6, 7, 8,

9 or 10 modified nucleotides.

32. Oligonucleotide according to anyone of the previous

claims, wherein the sections are located near or at the 3’-end,
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<220> <221> modified base <222>(33)..(33) <223> 5-(1-propynyl)-2'-deoxyuridine <220> <221>
modified_base <222>(35)..(36) <223> 5-(1-propyny1)-2'-deoxyuridine <220> <221> modified_base
<222>(38)..(38) <223> 5-(1-propynyl)-2'-deoxyuridine <400> 23 ucaguaccua ucauccuacg utgcacuuga

ccuguuauag40 210> 24 <211> 40 <212> DNA <21 icotiana t{\ miana £220> <221>
modified_ggée 522%{%?&231&%53% 5g§i%8%pl%/n§i2)§1fa§gﬁox§%%uo$§§ il <%§1§%§odified_base
<222>(3)_1_1(z’;)3match .

33. Oligonucleotide according to anyone of the previous
claims, wherein the nucleotide at the position of the mismatch

is not modified.

34. Oligonucleotide according to anyone of the previous
claims, wherein at least one of the propyne modified

nucleotides is located adjacent to the mismatch.

35. Oligonucleotide according to anyone of the previous
claims, wherein at least one of the propyne modified
nucleotides is located within 2, 3, 4, 6, 7, 8, 9, or 10

nucleotides of the mismatch.

36. Oligonucleotide according to anyone of the previous

claims, having a length from 10 to 500 nucleotides.

37. Oligonucleotide according to anyone of the previous

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

38. 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, and wherein the
oligonucleotide comprises a section that contains at least one
modified nucleotide having a higher binding affinity compared
to naturally occurring A, C, T or G and wherein the modified
nucleotide binds stronger to a nucleotide in an opposite
position in the first DNA sequence as compared to a naturally

occurring nucleotide complementary to the nucleotide in an
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<223> 5-(1-propyny1l)-2'-deoxyuridine <220> <221> modified_base <222>(6)..(6) <223>
5-(1-propyny1l)-2'-deoxyuridine <220> <221> modified base <222>(11)..(12) <223>
5-(1-propynyl)-2'-deoxycytidine <220> <221> modified_base <222>(15)..(15) <223>

SO o R 1) T IO, 8 e o

5{14N0pﬁﬁg§§¢aéo%hgkmﬂgezg@pable of targeted nucleotide exchange and
wherein the modified oligonucleotide is defined in claims 1-37,

wherein the method is ex vivo i1if the organism is human.

39. Method according to claim 38, wherein the at least one

mismatch is with respect to the first DNA sequence.

40. Method according to claim 38-39, wherein the

alteration is within a cell.

41. Method according to claim 40, wherein the cell is
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.

42. Method according to anyone of the previous method

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

43. Method according to claim 42, 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.

44, 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.

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

human mammalian cell or a human cell.
46. 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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<221> modified_base <222>(19)..(19) <223> locked nucleic acid <220> <221> modified base
<222>(20)..(20) <223> 5-(1-propynyl)-2'-deoxycytidine <220> <221> modified_base <222>(23)..(23)
<223> locked nucleic acid <220> <221> modified base <222>(24)..(24) <223>

5-(1-pr0pyny1)-24-9§30f\%qﬂgégf gggg§512§§>trgo%gll§d(? Sceh<e2%2r>é\27§2ji@9}n<e %%>d claims,
5-(1-propyny1l)-2'-deoxycytidine <220> <221> modified base
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.

48. 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.

49, Use of an oligonucleotide as defined in claims 1-37,
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, mismatch repair, targeted alteration of
(plant)genetic material, including gene mutation, targeted gene
repair and gene knockout, wherein the use is ex vivo if the

organism is human.

50. Use of an oligonucleotide as defined in claims 1-37,
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 comprises 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
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<222>(31)..(32) <223> 5-(1-propynyl)-2'-deoxycytidine <220> <221> modified base <222>(34)..(35)
<223> 5-(1-propynyl)-2'-deoxyuridine <220> <221> modified_base <222>(36)..(38) <223>
5-(1-propyny1l)-2'-deoxycytidine <400> 24 ccuuauagaa ccgauccucc aatugaacca <210>25 ccauucccaa

40 <211>1261 52%%>9§§%t one modified nucleotide is a LNA that is
positioned at a distance of at least one nucleotide from the at
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, wherein the use is ex vivo if the

organism is human.

51. Use of an oligonucleotide as defined in claims 1-37

in a method for providing herbicide resistance to plants.

52. Kit comprising an oligonucleotide as defined in claims

1-37.

53. Modified genetic material produced by the method of
claims 38-48.

54. Cell comprising the modified genetic material of claim

53, wherein the cells are not transformed cells within a human.

55. Oligonucleotide according to claim 1, substantially
as herein described with reference to any one of the Examples

and/or Figures.

56. Oligonucleotide according to any one of claims 1 to

37, substantially as herein described.

57. Method according to claim 38, substantially as herein
described with reference to any one of the Examples and/or

Figures.

58. Method according to any one of claims 38 to 48,

substantially as herein described.

59. Use according to any one of claims 49 to 51,

substantially as herein described.
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<213>Nicotiana benthamiana <400>25 atgtctaaca acgctcttca gactatcatc aacgctagac ttcctggaga
agagggactt 60 tggcagattc atcttcagga tggaaagatc tctgctatcg atgctcagtc tggagtgatg 120 cctatcactg
agaactctct tgatgctgag cagggacttg ttattcctcc tttcgtggag

60. Kit according to claim 52, substantially as herein

described.

61. Cell according to claim 54, substantially as herein

described.
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180 cctcacatcc atcttgatac aactcagact gctggacaac ctaattggaa ccagtctgga 240 actcttttcg agggaatcga
aagatgggct gagagaaagg ctcttcttac tcacgatgat 300 gtgaagcaaa gggcttggca aactcttaag tggcagatcg
ctaacggaat tcagcatgtg 360 aggactcatg tggatgtgtc tgatgctact cttactgctc ttaaggctat gctggaagtg 420
aagcaggaag tcgcgccgtg

SEQUENCE LISTING

<110> Keygene NV

<120> Targeted nucleotide exchange with improved modified
oligonucleotides

<130> ©P28851PCO1/RLA

<150> PCT/NL2007/000159
<151> 2006-06-22

<160> 42

<170> PatentIn version 3.3

<210> 1
<211> 24
<212> DNA

<213> Artificial

<220>

<223> non-modified sequence for TNE

<400> 1

tgtgcccagt cgtagccgaa tage 24
<210> 2

<211> 24

<212> DNA

<213> Artificial

<220>
<223> probe for TNE

<220>

<221> misc feature
<222> (11)..(11)
<223> 7?-D-LNA
<220>

<221> misc_feature
<222> (13)..(13)
<223> beta-D-LNA
<400> 2

tgtgcccagt cgtagccgaa tagce 24
<210> 3

<211> 24

<212> DNA

<213> Artificial

<220>
<223> probe for TNE

<220>
<221> misc feature
<222> (1)..(1)

<223> beta-D-LNA

<220>



gattgatctt cagatcgtgg ctttccctca agagggaatc 480 ctttottacc ctaacggaga ggctcttctt gaagaggcte ttaggcettgg
agctgatgtt 540 gttggagcta tccctcactt cgagttcact agggaatacg gagttgagte tcttcacaag 600 actttcgctc
ttgctcagaa gtacgatagg cttatcgatg ttcactgcga tgagatcgat 660 gatgagcagt caagattcgt tgagactgtg

<221> misc_feature
<222>  (3)..(3)
<223> beta-D-LNA

<220>

<221> misc_feature
<222> (5)..(5)
<223> beta-D-LNA

<220>

<221> misc_feature
<222> (T)y..(7)
<223> beta-D-LNA

<220>

<221> misc feature
<222> (9)..(9)
<223> Dbeta-D-LNA

<220>
<221> misc_feature
<22z2> (11)..(11)

<223> Dbeta-D-LNA

<220>

<221> misc feature
<222> (13)..(13)
<223> beta-D-LNA

<220>

<221> misc_feature
<222> (15)..(15)
<223> Dbeta-D-LNA

<220>

<221> misc feature
<222> (17)y..(17)
<223> beta-D-LNA
<220>

<221> misc_feature
<222> (19)..(19)

<223> beta-D-LNA

<220>

<221> misc_feature
<222> (21)..(21)
<223> Dbeta-D-LNA

<220>

<221> misc_ feature
<222> (23)..(23)
<223> Dbeta-D-LNA

<400> 3

tgtgcccagt cgtagccgaa tagc 24
<210> 4

<211> 24

<212> DNA

<213> Artificial

<220>
<223> probe for TNE



gctgotottg ctcatcatga aggaatggga 720 gctagagtta ctgcttctca cactactgct atgcactctt acaacggagc
ttacacttct 780 aggcttttcg gcttcttaag atgtctggta tcaacttcgt ggctaaccct cttgtgaaca 840 tccatcttca
gggaagattc gatacttacc ctaagaggag gggaattact agggtgaagg

<220>

<221> misc feature

222> (2)..(2)
<223> beta-D-LNA

<220>
<221> misc_feature
<222> (4)..(4)

<223> beta-D-LNA

<220>

<221> misc_feature
222> (6)..(6)
<223> Dbeta-D-LNA

<220>
<221> misc feature
<222> (8)..(8)

<223> Dbeta-D-LNA

<220>

<221> misc_feature
<222> (10)..(10)
<223> Dbeta-D-LNA

<220>

<221> misc feature
<222> (12)..(12)
<223> Dbeta-D-LNA

<220>

<221> misc_feature
| <222>  (14)..(14)

<223> Dbeta-D-LNA

<220>

<221> misc feature
<222> (16)..(1l6)
<223> Dbeta-D-LNA

<220>

<221> misc_feature
<222> (18)..(18)
<223> Dbeta-D-LNA

<220>

<221> misc_feature
<222> (20)..(20)
<223> Dbeta-D-LNA

<220>

<221> misc_feature
<222> (22)..(22)
<223> Dbeta-D-LNA

<220>

<221> misc feature
<222> (24)..(24)
<223> Dbeta-D-LNA

<400> 4

tgtgcccegt cgtagccgaa tagc 24
<210> 5

<211> 24

<212> DNA



900 agatgcttga gtcaggtatc aatgtgtgct tcggacacga tgatgttttc gatccttggt 960 atcctcttgg aactgctaac
atgcttcagg tgttgcatat gggacttcat gtgtgccaac 1020 ttatgggata cggacagatc aacgatggac ttaaccttat
cactcaccac tctgctagga 1080

<213> Artificial

<220>
<223> probe for TNE

<220>

<221> misc_ feature
<222> (10)..(10)
<223> beta-D-LNA
<220>

<221> misc feature
<222> (14)..(14)
<223> Dbeta-D-LNA
<400> 5

tgtgcccagt cgtagccgaa tagce 24
<210> 6

<211> 24

<212> DNA

<213> Artificial

<220>
<223> probe for TNE

<220>

<221> misc_feature
<222> (10)..(10)
<223> beta-D-LNA
<220>

<221> misc_feature
<222> (15)..(15)
<223> beta-D-LNA
<400> 6

tgtgcccagt cgtagccgaa tagc 24
<210> 7

<211> 24

<212> DNA

<213> Artificial

<220>
<223> Probe for TNE

<220>

<221> misc feature

<222> (11)..(11)

<223> alpha-L-LNA

<220>

<221> misc feature

<222> (13)..(13)

<223> alpha-L-LNA

<400> 7

tgtgcccagt cgtagccgaa tagc 24

<210> 8



ctcttaacct tcaggattac ggaattgctg ctggaaactc tgctaacctt atcatccttc 1140 ctgctgagaa tggattcgat
gctcttagga ggcaagttcc tgttaggtac tctgttaggg 1200 gaggaaaggt gatcgottot actcaacctg ctcagactac
tgtttacctt gagcagcctg 1260 a

<211> 24

<212> DNA
<213> Artificial

<220>
<223> Probe for TNE

<220>

<221> misc_feature
<222> (10)..(11)
<223> alpha-L-LNA
<220>

<221> misc feature
<222> (13)..(13)
<223> alpha-L-LNA
<220>

<221> misc feature
<222> (16)..(17)
<223> alpha-L-LNA
<400> 8

tgtgcccagt cgtagccgaa tagce 24
<210> 9

<211> 24

<212> DNA

<213> Artificial

<220>
<223> Probe for TNE

<220>

<221> misc_feature

<222> (10)..(10)

<223> Dbeta-D-glycyl-amino LNA,
<220>

<221> misc feature

<222> (14)..(14)

<223> Dbeta-D- LNA,

<400> 9

tgtgcccagt cgtagccgaa tagce 24
<210> 10

<211> 24

<212> DNA

<213> Artificial

<220>
<223> Probe for TNE

<220>
<221> misc_ feature
<222> (10)..(10)

<223> Dbeta-D-adamantyl-amino LNA

<220>
<221> misc feature
<222> (14)..(14)



1261 <210> 26 <211> 41 <212> DNA <213> Artificial <220> <223> probe for tne <220> <221>
modified base <222>(5)..(5) <223> 5-(1-propyny1)-2'-deoxyuridine <220> <221> modified base
<222>(6)..(6) <223> 5-(1-propynyl)-2'-deoxycytidine <220> <221> modified_base <222>(7)..(7)
<223> 5-(1prmapypyl)-Z-degxyuridine

<400> 10

tgtgcccagt cgtagccgaa tagce 24
<210> 11

<211> 24

<212> DNA

<213> Artificial

<220>

<223> Probe for TNE

<220>

<221> misc_feature

<222> (1)..(4)

<223> methylphosphonate linkages
<220>

<221> misc_feature

<222> (20)..(23)

<223> methylphosphonate linkages
<400> 11

tgtgcccagt cgtagccgaa tagc 24
<210> 12

<211> 24

<212> DNA

<213> Artificial

<220>

<223> Probe for TNE

<220>

<221> misc feature

<222>  (1)..(24)

<223> morpholino modified nucleotides
<400> 12

tgtgcccagt cgtagccgaa tagce 24
<210> 13

<211> 24

<212> DNA

<213> Artificial

<220>

<223> Probe for TNE

<220>

<221> modified base

<222> (5)..(7)

<223> mbc

<220>

<221> modified base

<222>  (11)..(11)

<223> mbc

<220>



<220> <221> modified_base <222>(10)..(10) <223> 5-(1-propynyl)-2'-deoxycytidine <220> <221>
modified base <222>(12)-(13) <223> 5-(1-propynyl)-2'-deoxyuridine <220> <221> modified base
<222>(16)..(1) <223> 5-(1-propynyl)-2'-deoxyuridine <220> <221> modified base <222>(18)..(1Th

<223> lockeg pucleig; acid; $220> <221> modified_base <222>(19)..(19) <223>

5-(1-propyszyt)-2'-deroxyuridine <220>

<223>

<220>
<221>
<222>
<223>

<400>

m5c

modified base
(24)..(24)
m5¢

13

tgtgcccagt cgtagccgaa tagce

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

14

24

DNA
Artificial

Probe for TNE

modified base
(1)..(2)
2'0-Me Inosine

modified base
(23)..(24)
2'0-Me Inosine

14

tgtgcccagt cgtagccgaa tagce

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

15

24

DNA
Artificial

Probe for TNE

modified base
(1)..(2)
2'-0-Me inosine,

modified base
(11)..(13)
2'-0-Me inosine,

modified base
(23)..(24)
2'-0-Me inosine,

15

tgtgcccagt cgtagccgaa tagc

<210>
<211>
<212>

16
24
DNA

24

24

24



<221> modified_base <222>(22)..(22) <223> locked nucleic acid <220> <221> modified base
<222>(23)-(23) <223> 5-(1-propyny1)-2.-deoxyuridine <220> <221> modified_base <222>(24)..(24)
<223> 5-(1-propynyl)-2'-deoxycytidine <220> <221> modified_base <222>(31)..(31) <223>
5-(1-propyay1)-2'deaxyeytidine <220> <221> modified base <222>(33)..(34) <223>
5-(1-propyg)2/%)-2'-deoxyuridine <220> <221> modified_base <222>(36)..(37)

< >

<223> Probe for TNE

<220>

<221> modified base
<222> (8)..(8)

<223> 2-amino-adenine
<220>

<221> modified base
<222> (14)..(14)
<223> 2-amino-adenine
<400> 16

tgtgcccagt cgtagccgaa tagc 24
<210> 17

<211> 24

<212> DNA

<213> Artificial

<220>
<223> Probe for TNE

<220>

<221> modified base

<222> (10)..(10)

<223> 6-chloro-2-methoxyacridine substitution
<220>

<221> modified base

<222> (14)..(14)

<223> 6-chloro-2-methoxyacridine substitution
<400> 17

tgtgcccagt cgtagceccgaa tagce 24
<210> 18

<211> 24

<212> DNA

<213> Artificial

<220>
<223> Probe for TNE

<220> )

<221> modified base

<222> (1)..(1)

<223> 6-chloro-2-methoxyacridine substitution

<220>

<221> modified base

<222> (24)..(24)

<223> 6-chloro-2-methoxyacridine substitution

<400> 18

tgtgcccagt cgtagccgaa tagce 24

<210> 19



<223> 5-(1-propynyl)-2'-deoxyuridine <400> 26 gaagucuagc guugaugaug agucugaaga gcguuguuag
a4l <210> 27 <211> 20 <212> DNA <213> Atrtificial <220> <223> primer <400> 27 ggtcaagtgc
cacgtaggat20 <210> 28 <211> 20 <212> DNA <213> Artificial <220> <223> primer <400> 28
gggtgcttca gfttctgete20 <210> 29 <211> 20 <212> DNA <213> Artificial <220> <223> primer <400>
29 cccgtggeaagtasttgat20 <210> 30 <211> 20 <212> DNA <213> Atrtificial <220> <223> primer

<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Artificial

Probe for TNE

modified base
(11)..(11)
5-(l-propynyl)-2'-deoxycytidine

modified base
(13)..(13)
5-(1-propynyl)-2'-deoxyuridine

19

tgtgcccagt cguagccgaa tagce

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

20

24

DNA
Artificial

probe for TNE

modified base
(1)..(1)
5-(1l-propynyl)-2'-deoxyuridine

modified base
(3)..(3)
5-(1-propynyl)-2'-deoxyuridine

modified base
(5)..(7) .
5-(1-propynyl)-2'-deoxycytidine

medified base
(10)..(10)
5-(1l-propynyl)-2'-deoxyuridine

modified base
(11)..(11)
5-(l-propynyl)-2'-deoxycytidine

modified base
(16)..(17)
5-(1-propynyl)-2'-deoxycytidine

modified base
(21)..(21)
5-(1l-propynyl)-2'-deoxyuridine

24



<400> 30 ggattcccca ggtatgtgtg20 <210> 31 <211> 23 <212> DNA <213> Artificial <220> <223>
primer <400> 31 gtggaaaaag aagacgttcc aac23 <210> 32 <211> 23 <212> DNA <213> Atrtificial
<220> <223> primer <400> 32 agcatcgata gcagagatct ttc23 <210> 33 <211> 35 <212> DNA <213>
Artificial <220> <223 prebe-faretne <220> <221> modified base <222>(1)..(1) <223>

5-(1- propyﬁyzyz d@dxyth&mldlne <220> <221> modified _base <222>(2)..(2)
- (1l-propynyl)-2'-deoxycytidine

<400> 20

ugugcccagu cguagccgaa uagc 24
<210> 21

<211> 24

<212> DNA

<213> Artificial

<220>
<223> probe for TNE

<220>

<221> modified base
<222> (10)..(10)
<223> Dbeta D LNA
<220>

<221> modified base
<222> (11)..(11)

<223> 5-(l-propynyl)-2'-deoxycytidine

<220>

<221> modified base

<222> (13)..(13)

<223> 5-(l-propynyl)-2'-deoxyuridine

<220>

<221> modified base

<222> (14)..(14)

<223> Dbeta D LNA

<400> 21

tgtgcccagt cguagccgaa tagce ) 24
<210> 22

<211> 24

<212> DNA

<213> Artificial

<220>
<223> probe for TNE

<220>
<221> modified base
<222> (1)..(1)

<223> 5-(l-propynyl)-2'-deoxyuridine

<220>

<221> modified base

<222> (3)..(3)

<223> 5-(l-propynyl)-2'-deoxyuridine

<220>
<221> modified base
<222>  (5)..(7)

<223> 5-(l-propynyl)-2'-deoxycytidine

<220>
<221> modified base



<223> 5-(1-propyny1l)-2'-deoxycytidine <220> <221> modified_base <222>(3)..(3) <223>
5-(1-propynyl1)-21-deoxythymidine <220> <221> modified base <222>(8)..(9) <223>
5-(1-propynyl)-2'-deoxycytidine <220> <221> modified_base <222>(11)..(12) <223>
5-(1-propygy};-zﬂ(qg())g(nggine <220> <221> modified_base <222>(14)..(15) <223>
5-(1-propyby3)-2'rdeexyeytidine <220> <221> modified_base <222>(17)..(17) <223> locked nucleic
acid

<220>

<221> modified base

<222> (10)..(10)

<223> 5-{l-propynyl)-2'-deoxyuridine
<220>

<221> modified base

<222> (11)..(11)

<223> 5-(l-propynyl)-2'-deoxycytidine
<220>

<221> modified base

<222> (14)..(14)

<223> Dbeta-D-LNA

<220>

<221> modified base

<222> (16)..(17)

<223> 5-(1l-propynyl)-2'-deoxycytidine

<220>

<221> modified base

<222> (21)..(21)

<223> 5-(1-propynyl)-2'-deoxyuridine

<220>

<221> modified base

<222> (24)..(24)

<223> 5-(l-propynyl)-2'-deoxycytidine

<400> 22
ugugcccagt cguagccgaa uagc 24

<210> 23

<211> 40

<212> DNA

<213> Artificial

<220>
<223> probe for TNE

<220>
<221> modified base

<222> (1)..(1)
<223> 5-(1l-propynyl)-2'-deoxyuridine

<220>

<221> modified base

<222> (2)..(2).

<223> b5-(l-propynyl)-2'-deoxycytidine

<220>

<221> modified base

<222> (5)..(5)

<223> 5-(l-propynyl)-2'-deoxyuridine

<220>
<221> modified base
<222> (7)..(8)

<223> b5-(1l-propynyl)-2'-deoxycytidine

<220>



<220> <221> modified base <222>(20)..(20) <223> locked nucleic acid <220> <221> modified base
<222>(21)..(2T) <223> 5-(1-propynyl)-2'-deoxycytidine <220> <221> modified_base <222>(23)..(24)
<223> 5-(1-propynyl)-2'-deoxycytidine <220> <221> modified_base <222>(27)..(27) <223>
5-(1-propyayl)-2':deexythymidine <220> <221> modified_base <222>(29)..(29) <223>

5-(1-propynyt)-2'-deoxyeylidine <220> <221> modified base
<223> 5-(l-propynyl)-2'-deoxyuridine

<220>

<221> modified base

<222>  (11)..(1l1)

<223> 5-(l-propynyl)-2'-deoxyuridine

<220>

<221> modified base

<222> (12)..(12)

<223> 5-{l-propynyl)-2'-deoxycytidine
<220>

<221> modified base

<222> (14)..(14)

<223> 5-(l-propynyl)-2'-deoxyuridine

<220>

<221> modified base

<222> (15)..(1l6)

<223> 5-(l-propynyl)-2'-deoxycytidine
<220>

<221> modified base

<222>  (17)..(17)

<223> 5-(l-propynyl)-2'-deoxyuridine

<220>

<221> modified base

<222> (19)..(19)

<223> 5-(l-propynyl)-2'-deoxycytidine

<220>

<221> modified base

<222> (20)..(20)

<223> locked nucleic acid

<220>

<221> modified base

<222> (21)..(21)

<223> 5-(l-propynyl)-2'-deoxyuridine

<220>
<221> modified base
<222> (24)..(24)

<223> 1locked nucleic acid

<220>

<221> modified base

<222> (26)..(26)

<223> 5-(l-propynyl)-2'-deoxycytidine

<220>

<221> modified base

<222>  (27)..(28)

<223> 5-(l-propynyl)-2'-deoxyuridine

<220>

<221> modified base

<222> (31)..(31)

<223> 5-(l-propynyl)-2'-deoxycytidine

<220>
<221> modified base
<222> (32)..(32)



<222>(31)..(3i) <223> 5-(1-propynyl)-2'-deoxythymidine <220> <221> modified_base <222>(32)..(32)
<223> 5-(1-propynyl)-2'-deoxycytidine <400> 33 tctagagccg ccaccatgat caccgatgca tcgag35 <210>
34 <211> 53 <212> DNA <213> Lycopersicon esculentum <210> 35 <211> 53 <212> DNA <213>

Lycopersiggsresculentyns400p 35 gatigitgelaltaseggtc aagtgccgag gaggatgatt ggtactgatg cgts3
<210> 36 <211> 24 <212> DNA <213> Atrtificial <220> <223> probe for TNE <220> <221>

mise_featié222>(1).6) .

<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

(33)..(33)
5- (1-propynyl)-2'-deoxyuridine

modified base
(35)..(36)
5-(1-propynyl)-2'-deoxyuridine

modified base
(38)..(38)
5-(1-propynyl)-2'-deoxyuridine

23

ucaguaccua ucauccuacg utgcacuuga ccuguuauag

<210>
<211>
<212>
<213>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

24

40

DNA

Nicotiana benthamiana

modified base
(1)..(2)
5-(1-propynyl)-2"'-deoxycytidine

modified base
(3)..(4)
5-(1-propynyl)-2'-deoxyuridine

modified base
(6)..(6)
5-(1-propynyl)-2'-deoxyuridine

modified base
(11)..(12)
5- (1-propynyl)-2'-deoxycytidine

modified base
(15)..(15)
5-(1-propynyl)-2'-deoxyuridine

modified base
(16)..(17)
5-(1-propynyl)-2'-deoxycytidine

modified base
(18)..(18)
5-(1-propynyl)-2'-deoxyuridine

modified base
(19)..(19)
locked nucleic acid

40



<223> phosphorothioate linkages <220> <221> misc feature <222>(20)..(24) <223> phosphorothioate
linkages <400> 36 atcatcctcc tctgcacttg accg24 <210> 37 <211> 24 <212> DNA <213> artificial <220>
<223> probe for the <220> <221> misc_feature <222>(1)..(4) <223> phosphorothiate linkages <220>
<221> misg fgature <222>(2)..(2) <223> 5-propynyl-2'-deoxyuracil <220> <221> misc feature

<221> modified base

<222>  (20)..(20)

<223> 5-(l-propynyl)-2'-deoxycytidine

<220>

<221> modified base

<222> (23)..(23)

<223> locked nucleic acid

<220>

<221> modified base

<222> (24)..(24)

<223> 5-(l-propynyl)-2'-deoxyuridine

<220>

<221> modified base

<222> (28)..(29)

<223> 5-(l-propynyl)-2'-deoxycytidine

<220>

<221> modified base

<222> (31})..(32)

<223> 5-(l-propynyl)-2'-deoxycytidine

<220>

<221> modified base

<222> (34)..(35)

<223> 5-(l-propynyl)-2'-deoxyuridine

<220>

<221> modified base

<222> (36)..(38)

<223> 5-(l-propynyl)-2'-deoxycytidine

<400> 24

ccuuauagaa ccgauccucc aatugaacca ccauucccaa 40
<210> 25

<211> 1261

<212> DNA

<213> Nicotiana benthamiana

<400> 25

atgtctaaca acgctcttca gactatcatc aacgctagac ttcctggaga agagggactt 60
tggcagattc atcttcagga tggaaagatc tctgctatcg atgctcagtc tggagtgatg 120
cctatcactg agaactctct tgatgctgag cagggacttg ttattcctce tttcgtggag 180
cctcacatce atcttgatac aactcagact gctggacaac ctaattggaa ccagtctgga 240
actcttttcg agggaatcga aagatgggct gagagaaagg ctcttcttac tcacgatgat 300
gtgaagcaaa gggcttggca aactcttaag tggcagatcg ctaacggaat tcagcatgtg 360
aggactcatg tggatgtgtc tgatgctact cttactgctc ttaaggctat gctggaagtg 420
aagcaggaag tcgcgccgtg gattgatctt cagatcgtgg ctttccctca agagggaatce 480
ctttcttacc ctaacggaga ggctcttctt gaagaggctc ttaggecttgg agctgatgtt 540
gttggagcta tccctcactt cgagttcact agggaatacg gagttgagtc tcttcacaag 600
actttcgetce ttgctcagaa gtacgatagg cttatcgatg ttcactgcga tgagatcgat 660



<222>(3)..(3) <223> 5-propyny1-2'-deoxycytidine <220> <221> misc_feature <222>(5)..(5) <223>
5-propynyl-2'-deoxyuracil <220> <221> misc_feature <222>(6)..(7) <223>
5-propynyl-2'-deoxycytidine <220> <221> misc_feature <222>(8)..(8) <223>

5-propyny L2 deaxyuracih s22Qr <@aladnisg featyre 2222 ys28dFmatggga 720
5-propynyl-2'-deoxycytidine <220> <221> misc feature <222>(11)..(11)
gctagagtta ctgcttctca cactactgct atgcactctt acaacggagce ttacacttcet 780
aggcttttcg gcttcttaag atgtctggta tcaacttégt ggctaaccct cttgtgaaca 840
tccatcttca gggaagattc gatacttacc ctaagaggag gggaattact agggtgaagg 900
agatgcttga gtcaggtatc aatgtgtgct tcggacacga tgatgttttc gatcecttggt 960
atcctcttgg aactgctaac atgcttcagg tgttgcatat gggacttcat gtgtgccaac 1020
ttatgggata cggacagatc aacgatggac ttaaccttat cactcaccac tctgctagga 1080
ctcttaacct tcaggattac ggaattgctg ctggaaactc tgctaacctt atcatccttce 1140
ctgctgagaa tggattcgat gctcttagga ggcaagttcc tgttaggtac tctgttaggg 1200
gaggaaaggt gatcgcttct actcaacctg ctcagactac tgtttacctt gagcagcctg 1260
a 1261
<210> 26
<211> 41
<212> DNA
<213> Artificial
<220>
<223> probe for tne

<220>

<221> modified base

<222> (5)..(5)

<223> 5-(l-propynyl)-2'-deoxyuridine
<220>

<221> modified base

<222> (6)..(6)

<223> 5-(l-propynyl)-2'-deoxycytidine
<220>

<221> modified base

<222> (7)..(7)

<223> 5-(l-propynyl)-2'-deoxyuridine
<220>

<221> modified base

<222> (10)..(10)

<223> b5-(l-propynyl)-2'~deoxycytidine
<220>

<221> modified base

<222> (12)..(13)

<223> 5-(l-propynyl)-2'-deoxyuridine
<220> .

<221> modified base

<222> (16)..(le)

<223> b5-(l-propynyl)-2'-deoxyuridine
<220>

<221> modified base

<222> (18)..(18)

<223> locked nucleic acid



<223> Ina <220> <221> misc_feature <222>(12)..(12) <223> 5-propyny1-21-deoxycytidine <220>
<221> misc_feature <222>(15)..(15) <223> ma <220> <221> misc feature <222>(18)..(19) <223>
5-propynyl-2'-deoxyuracil <220> <221> misc_feature <222>(18)..(18) <223>
5-propynylds-Z-deoxycytidine <220> <221> misc feature <222>(20)..(24) <223> phosphorothiate
linkages <22@> modified base

<222> (19)..(19)
<223> 5-(l-propynyl)-2'-deoxyuridine

<220>

<221> modified base

<222> (22)..(22)

<223> locked nucleic acid

<220>

<221> modified base

<222> (23)..(23)

<223> . 5-(l-propynyl)-2'~-deoxyuridine

<220>

<221> modified base

<222> (24)..(24)

<223> 5-(l-propynyl)-2'-deoxycytidine

<220>

<221> modified base

<222> (31)..(31)

<223> 5-(l-propynyl)-2'-deoxycytidine

<220>

<221> modified base

<222> (33)..(34)

<223> 5-(l-propynyl)-2'-deoxyuridine

<220>

<221> modified base

<222> (36)..(37)

<223> 5-(l-propynyl)-2'-deoxyuridine

<400> 26
gaagucuagc guugaugaug agucugaaga gcguuguuag a 41

<210> 27

<211> 20

<212> DNA

<213> Artificial

<220>
<223> primer

<400> 27
ggtcaagtgc cacgtaggat 20

<210> 28

<211> 20

<212> DNA

<213> Artificial

<220>
<223> primer

<400> 28
gggtgcttca ctttctgcte 20

<210> 29

<211> 20

<212> DNA

<213> Artificial



<221> misc feature <222>(22)..(23) <223> 5-propyny1-21-deoxycytidine <400> 37 atcatcctcc
tctgcacttg accg24 <210> 38 <211> 24 <212> DNA <213> artificial <220> <223> probe for tne <220>
<221> misc_feature <222>(1)..(4) <223> phosphorothioate linkages <220> <221> misc_feature

<222>(2)..(2) <223> 5-propynyl-2'-deoxyuracil <220> <221> misc_feature

<220>
<223>

<400>

primer

29

cccgtggcaa gtactttgat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

30

20

DNA
Artificial

primer

30

ggattcccca ggtatgtgtg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

31

23

DNA
Artificial

primer

31

gtggaaaaag aagacgttcc aac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

32

23

DNA
Artificial

primer

32

agcatcgata gcagagatct ttc

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

33

35

DNA
Artificial

probe for tne

modified base

(1)..(1)

5-(1-propynyl)-2'-deoxythymidine

modified base
(2)..(2)

5-(1-propynyl)-2'-deoxycytidine

modified base
(3)..(3)

5- (1l-propynyl)-2'-deoxythymidine

20

20

23

23



<222>(4)..(4) <223> 5-propyny1-2'-deoxycytidine <220> <221> misc_feature <222>(6)..(6) <223>
5-propynyl-2'-deoxyuracil <220> <221> misc feature <222>(8)..(8) <223>
5-propynyl-2'-deoxycytidine <220> <221> misc_feature <222>(10)..(10) <223> LNA <220> <221>
misc_feature <222>(14)..(14) <223> LNA <220> <221> misc_feature <222>(15)..(15) <223>
5-propynyz2sdeoxyuracil

<221> modified base

<222> (8)..(9)

<223> 5-(l-propynyl)-2'-deoxycytidine

<220>

<221> modified base

<222> (11)..(12)

<223> 5-(l-propynyl)-2'-deoxycytidine

<220>

<221> modified base

<222> (14)..(15)

<223> 5-{(l-propynyl)-2'-deoxycytidine

<220>

<221> modified base

<222> (17)..(17) 3

<223> locked nucleic acid

<220>

<221> modified base

<222>  (20)..(20)

<223> locked nucleic acid

<220>

<221> modified base

<222> (21)..(21)

<223> 5-(l-propynyl)-2'-deoxycytidine

<220>

<221> modified base

<222> (23)..(24)

<223> 5-(l-propynyl)-2'-deoxycytidine

<220>

<221> modified base

<222> (27)..(27)

<223> 5-(l-propynyl)-2'-deoxythymidine

<220>

<221> modified base

<222> (29)..(29)

<223> b5-(l-propynyl)-2'-deoxycytidine

<220>

<221> modified base

<222> (31)..(31)

<223> 5-(l-propynyl)-2'-deoxythymidine

<220>

<221> modified base

<222> (32)..(32)

<223> b5-(l-propynyl)-2'-deoxycytidine

<400> 33
tctagagccg ccaccatgat caccgatgca tcgag 35

<210> 34

<211> 53

<212> DNA

<213> Lycopersicon esculentum

<400> 34
gattgttgct attacaggtc aagtgccaag gaggatgatt ggtactgatg cgt 53



<220> <221> misc_feature <222>(17)..(17) <223> 5-propyny1-2'-deoxycytidine <220> <221>
misc_feature <222>(19)..(19) <223> 5-propynyl-2'-deoxyuracil <220> <221> misc feature
<222>(20)..(24) <223> phosphorothioate linkages <400> 38 gtacgtacag tcagtacgta ggat24 <210> 39
<211> 24 <212> DNA <213> artificial <220> <223> primer <400> 39 gaaagggaag gtgttacgga tgta24

<210> 35

<211> 53

<212> DNA

<213> Lycopersicon esculentum

<400> 35

gattgttgct attaccggtc aagtgccgag gaggatgatt ggtactgatg cgt 53
<210> 36

<211> 24

<212> DNA

<213> Artificial

<220>
<223> probe for TNE

<220>
<221> misc_feature
<222> (1)..(5)

<223> phosphorothiocate linkages

<220>

<221> misc_feature

<222> (20)..(24)

<223> phosphorothioate .linkages

<400> 36

atcatcctec tctgcacttg accg 24
<210> 37 |

<211> 24

<212> DNA

<213> artificial

<220>
<223> probe for tne

<220>
<221> misc_feature
<222> (1)..(4)

<223> phosphorothiate linkages

<220>

<221> misc_ feature

<222> (2)..(2)

<223> b5-propynyl-2'-deoxyuracil

<220> .

<221> misc_feature

<222> (3)..(3)

<223> 5-propynyl-2'-deoxycytidine

<220>
<221> misc feature
<222> (5)..(5)

<223> b5-propynyl-2'-deoxyuracil

<220>

<221> misc feature

<222> (6)..(7)

<223> b5-propynyl-2'-deoxycytidine



<210> 40 <211> 20 <212> DNA <213> artificial <220> <223> primer <400> 40 cttgattgcg
aacacccacc20 <210> 41 <211> 24 <212> DNA <213> artificial <220> <223> primer <400> 41
gaaagggaag gggttaagga tgtg24 <210> 42 <211> 20 <212> DNA <213> artificial <220> <223> primer
<400> 42 ctcgactgtg aacacccacc20

<220>

<221> misc feature

<222> (8)..(8)

<223> bL-propynyl-2'-deoxyuracil

<220>

<221> misc_feature

<222> (9)..(10)

<223> bL-propynyl-2'-deoxycytidine
<220>

<221> misc_ feature

<222> (11)..(11)

<223> 1na

<220>

<221> misc_ feature

<222> (12)..(12)

<223> 5-propynyl-2'-deoxycytidine
<220>

<221> misc_ feature

<222> (15)..(15)

<223> 1na

<220>

<221> misc feature

<222> (18)..(19)

<223> 5-propynyl-2'-deoxyuracil
<220>

<221> misc_ feature

<222> (18)..(18)

<223> bL-propynyl-2'-deoxycytidine

<220>

<221> misc_ feature

<222> (20)..(24)

<223> phosphorothiate linkages

<220>

<221> misc feature

<222> (22)..(23)

<223> b5-propynyl-2'-deoxycytidine

<400> 37

atcatcctce tctgcacttg accg 24
<210> 38

<211> 24

<212> DNA

<213> artificial

<220>
<223> probe fo$ tne

<220>
<221> misc_feature
<222> (1)..(4)

<223> phosphorothiocate linkages

<220>
<221> misc_ feature
<222> (2)..(2)



<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

5-propynyl-2'-deoxyuracil

misc feature
(4) .. (4)
5-propynyl-2'-deoxycytidine

misc_feature
(6)..(6)
5-propynyl-2'-deoxyuracil

misc feature
(8)..(8)
5-propynyl-2'-deoxycytidine

misc feature
(10)..(10)
LNA

misc_feature
(14)..(14)
LNA

misc feature
(15)..(15)
5-propynyl-2'-deoxyuracil

misc feature
(17)..(17)
5-propynyl-2'-deoxycytidine

misc feature
(19)..(19)
5-propynyl-2'-deoxyuracil

misc feature
(20)..(24)
phosphorothioate linkages

38

gtacgtacag tcagtacgta ggat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

39

24

DNA
artificial

primer

39

gaaagggaag gtgttacgga tgta

<210>
<211>
<212>
<213>

40

20

DNA
artificial

24

24



<220>
<223>

<400>

primer

40

cttgattgcg aacacccacc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

gaaagggaag gggttaagga tgtg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

41

24

DNA
artificial

primer

41

42

20

DNA
artificial

primer

42

ctcgactgtg aacacccacc

20

24

20



