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have found widespread application in plant human and animal cells and micro-organisms for
improvements in the fields of agriculture, human health, food quality and environmental
protection. The most common methods consist of adding exogenous DNA fragments to the

20 genome of a cell, which will then confer a new property to that cell or its organism over and
above the properties encoded by already existing genes (including applications in which the
expression of existing genes will thereby be suppressed). AIthough many such examples are
effective in obtaining the desired properties, these methods are nevertheless not very

~ precise, because there is no control over the genomic positions in which the exogenous DNA

25 fragments are inserted (and hence over the ultimate levels of expression), and because the
desired effect will have to manifest itself over the natural properties encoded by the original
and well-balanced genome. On the contrary, methods of targeted mutagenesis that will result
in the addition, deletion or conversion of nucleotides in predefined genomic loci will allow the
precise modification of existing genes. In addition, due to the precise nature of targeted

30 mutagenesis, its is expected that novel plant lines obtained in this way will be more readily

accepted by consumers.
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25 examples of targeted mutagenesis using chimeras came from animal cells (reviewed in
Igoucheva et al. 2001 Gene Therapy 8, 391-399) and were then also later used to achieve
targeted mutagenesis in plant cells (Beetham ef al. 1999 Proc.Natl.Acad.Sci.USA 96: 8774-
8778; Zhu et al. 1999 Proc. Natl. Acad. Sci. USA 96, 8768-8773; Zhu et al. 2000 Nature
Biotech. 18, 555-558; Kochevenko et al. 2003 Plant Phys. 132: 174-184; Okuzaki et al. 2004

30 Plant Cell Rep. 22: 509-512). Unlike human cells, a plant cell in which a targeted
mutagenesis event has occurred can be regenerated into an intact plant and the mutation
transferred to the next generation, making it an ideal tool for both research and commercial
mutagenesis of important food crops. However, extensive research by many laboratories has
shown that the targeted mutagenesis frequency usihg chimeras is quite low and variable, or

35 not even detectable (Ruiter et al. 2003 Plant Mol. Biol. 53, 715-729, Van der Steege et al.
(2001) Nature Biotech. 19: 305-306), and depended on such factors as the transcriptional
status of the target, the position of the cell in the cell cycle, the sequence of the target and
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25 nucleobases resistant against nucleases. Typ|cal examples of such modified nucleotides

include phosphorothioate linkages or 2’-O-methyl-analogs. These modifications are
preferably located at the ends of the nucleobase, leaving a central unmodified domain
surrounding the targeted base. In support of this, patent application WO 02/26967 shows that
certain modified nucleotides increasing the intracellular lifetime of the nucleobase enhance

30 the efficiency of targeted mutagenesis in an in vitro test system and also at a mammalian
chromosomal target. Not only the nuclease resistance, but also the binding affinity of an ss
mutagenic nucleobase to its complementary target DNA has the potential to enhance the
frequency of targeted mutagenesis dramatically. A ss nucleobase containing modified
nucleotides that enhance its binding affinity may more efficiently find its complementary

35 target in a complex genome and/or remain bound to its target for longer and be less likely to
be removed by proteins regulating DNA transcription and replication. An in vitro targeted
mutagenesis assay has been used to test many modified nucleotides to improve the
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25 present inventors in the course of their investigations have identified four factors that are to
be optimized. First, the mutagenic nucleobase is preferably introduced with a high
transformation efficiency, i.e. introduced into as many plant cells as possible. Second, the
treatment is preferably not lethal to most of the cells, ensuring that as many cells as possible
that are transformed also survive the transformation procedure (survival efficiency). Thirdly,

30 the transformation method is preferably not detrimental to the subsequent divisions of the
transformed plant cells to form microcalli (regeneration/plating efficiency) and finally it is
preferably possible to identify individual regenerated plants derived from targeted
mutagenesis events without application of a selection (identification efficiency).
Most methods for transformation of DNA to individual plant cells use protoplasts, derived

35 directly from leaves (mesophyll protoplasts) or from cell suspensions (reviewed in Sheen, J.
(2001) Plant Phys. 127: 1466-1475). Protoplasts can be used for transient expression
studies, in which case gene expression or protein localization can be assessed shortly after
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low tra rrratlon effici ency has al so been observed after el ectragporation
of ArabhHppgereligs. aavard.edufsheenwebifag. himly) iy partigular i teimst f sepredycibility.
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applled to Cl es renal ns a ficult techni que w_t
sever al cm@rnlwg anql i rpatlnebhtsse@efgr mpmmfgﬁﬂon of transgenes. Cell suspenswns
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of reprodu Hence el ectroporation is | ess desirable for énhancing
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&
trans enlg cro I's routinely used for the stable integration of
t r and eﬁﬁ"@len@gnhe §wgpglrgf thentsansformed cell$ is difficult to assess. In contrast, the

regeneration efficiency after bombardment is likely to be high due to the strongly dividing

material that is treated. However, as TNE will occur in a single cell of a single callus, such an
event will be easily lost if it is not selected for or, alternatively, regenerated plants will be
chimeric for the targeted mutagenesis event. Thus, bombardment is not practical for
30 performing targeted mutagenesis at non-selectable loci. In contrast, it is possible to recover
targeted mutagenesis events using protoplasts as each microcallus is derived from a single
protoplast. '
Induced single nucleotide conversions by chimeras at ALS have demonstrated that targeted
mutagenesis can be detected in tobacco, maize and rice cells. Bombardment has been used
35 for tobacco (Beetham et al. 1999 Proc.Natl.Acad.Sci.USA 96: 8774-8778; Kochevenko et al.
2003 Plant Phys. 132: 174-184), maize (Zhu et al. 1999 Proc. Natl. Acad. Sci. USA 96, 8768-
8773) and rice (Okuzaki et al. 2004 Plant Cell Rep. 22: 509-512). Beetham et al. (1999)
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a frequency of 8 nparabl e to the Trequency obtal ned by Beet ham et
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ef fect 863-8h®. The tﬁ@halgue Boaﬁpmﬂﬁatﬁvtpr@nom@t rofamasy gifterent plants(Raseussen been
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a 1 roc t Acad.” ScL USA 96, 773; Okuzaki "et al.
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known alrea Sl nce | rst proto ast transfornmation
utili zeBEﬁF_t@F(Sfo@ﬁbOluS tm me(@sn):hqam tnférangf@fmatzmm rabidopsis protoplasts

(http://genetics.mgh.harvard.edu/sheenweb/fag.html) (Mathur et al. Methods in molecular

25 biology, vol. 82, 267-276) and conforms well to the four requirements defined for a
transformation method for efficient TNE. When tobacco protoplasts are treated with PEG, a
biotin-labelled ss oligonucleotide can be detected in all cells examined. Survival, as assessed
by vital staining using fluorescein diacetate, is >90% after PEG treatment. Not all protoplasts
retain the ability to divide and form microcalli. In a typical isolation of non-treated tobacco

30 protoplasts, approximately 25% form microcalli. PEG treatment does have a slight impact on
regeneration effiCiency, which drops to approximately 10%, but this is not dramatic compared
to other transformation methods. None of the above describe prior art has contemplated the
use of PEG transformation for site-directed mutagenesis, in particular TNE.

The present inventors have set out to improve the method of direct DNA transfer to obtain

35 efficient targeted mutagenessis in plant cells. The present inventors have found that from
amongst the transformation technologies as described herein elsewhere, PEG protoplast
transformation enhances the overall targeted mutagenesis efficiency significantly compared



Potyrykus et al. (1985) Plant Mol. Biol. Rep. 3:1 17-128; Negrutiu et al.
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not amati1 ¢ conpared to other transformation nethods. None of the above
descri b@arpﬁformatlan of plast eefniscthpimast gfficieat metod to perfory tarasted mutadsnesisin

Si te- di bt afls EHASRATS kowh el o thdforkiion The present inventors have

set out to 1nprove the nethod of direct DNA transfer to obtain efficient
targeted nutagenesis in plant cells. The present inventors have found that
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mut ageni c nucl eocbase to the genomc tar or sake of rTBaI’I son,
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| denti cal ' ss nutageni ¢ nucl eobases were introduced into tobacco mesophyl |
pr ot opl &éreduding the se mutrgenmEciRslpss Blp the selkrreiopiasisdisingrrobietiyteng sbicak | on and
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transformatlon I n“one aspect the invention pértains to a nethod for
t ar géft etechnalegydn iteglf ip widelydumewe,ang weep pesiessary, small amendments to particular

protocols can be made by the skilled man without departing from the gist of the present
invention.
The ss mutagenic nucleobase used in the present invention have a length that is in line with
other (chimeric) ss mutagenic nucleobase used in targeted mutagenesis, i.e. typically
30 between 10-60 nucleotides, preferably 20-55 nucleotides, more preferably 25-50 nucleotides.
In certain embodiments of the invention, the ss mutagenic nucleobase used in the present
invention the can be modified, for instance by LNA and/or propynyl modifications as
described in applicant's W02007073166 and WO2007073170. Thus in certain embodiments,
the ss mutagenic nucleobase contains at least one LNA located at a position that is from the
35 targeted mismatch and preferably two LNAs located at least one nucleotide removed from
either side of the mismatch and. Furthermore, these LNAs are at least 3, 4 or 5 nucleotides
removed form the 5’ and/or 3'ends of the ss mutagenic hucleobase. In certain embodiments,
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enbodi rréhrtomospmés dustpar siromesagahPNAnergpeellecheomespmat DdhiegigamaliPNA- pr ot ei n
such asy fy Mﬂa&%cc’o@qﬁd fostﬁé IrRBntRInR be ddedifbi SiteRAG AteMeddrrecliktfa mutation
eot | use In e

ol i gonuc present invention i1s coupled via conventional
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DNA Tepal r medi at'ed protein DE transcription
factor, pmtemé?vﬂwtméh%@d"pﬂresam vator PTI 6 and nucl ear coiled protein,
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PCT/ NL2 79 T onucl eoti de- nucl ear |ocalisation signal
conj ugathe effisiensy Cué%’éefleﬁ"t QQGF”ESSb'aﬁl?ﬂt Protaiast mat i on net hodol ogy descri bed

her ei n. without being bound by theory, it is thought that the use of PEG mediated transformation

25 precipitates the DNA on the cell membrane of the protoplast. The precipitated DNA is
encapsulated by the cell membrane and introduced into the protoplast in a shielded form.
The protoplast will, in the course of its normal cell cycle, directly after its formation by removal
of the cell wall, start its normal cell wall regeneration process. The cell division typically starts
later (from several hours up to a few days). The targeted nucleotide exchange generally

30 takes place during the cell division, using the cell’s repair mechanism. In the time period
between the introduction of the donor DNA in the protoplast and the stért of the cell division,
the donor DNA is prone to attack form the cells defence mechanism such as exonucleases
and is likely to be degenerated and hence become ineffective for TNE. With the use of PEG-
mediated transformation technology, the donor DNA is encapsulated via endocytosis and is

35 in this way at least temporarily shielded from the degenerative action of endonucleases.
When the DNA is released from its encapsulated form, it has an increased chance of being
present at or around the moment of the cell division, during which the DNA (i.e. the ss
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el ect roporat| t'opl ast
allowed to proceed overnlght in the dark at 25°C. The digested leaves are filtered through 50

ym nylon sieves into a sterile beaker. An equal volume of cold KCI wash medium is used to

25 wash the sieve and pooled with the protoplast suspension. KCl wash medium consisted of
2.0 g CaCl,.2H,0O per liter and a sufficient quantity of KCI to bring the osmolality to 540
mOsm.kg™. The suspension is transferred to 10 mL tubes and protoplasts are pelleted for 10
min at 85x g at 4°C. The supernatant is discarded and the protoplast pellets carefully
resuspended into 5 mL cold MLm wash medium, which is the macro-nutrients of MS medium

30 (Murashige, T. and Skoog, F., Physiologia 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™'. The content of 2 tubes is combined and centrifuged for 10 min at 85x g at
4°C. The supernatant is discarded and the protoplast pellets carefully resuspended into 5 mL
cold MLs wash medium which is MLm medium with mannitol replaced by sucrose.

35 . The content of 2 tubes is pooled and 1 mL of KCI wash medium added above the sucrose
solution care being taken not to disturb the lower phase. Protoplasts are centrifuged for 10
min at 85x g at 4°C. The interphase between the sucrose and the KCI solutions containing
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pol yv& nyl hBW‘PtGPIF‘%Fcﬁ#'éP%W‘l'G osotmfugee 5K iRt ﬁam@ﬂ@ea@éé% e ﬁipémft@trﬁg

6- benzyhmr@ea%anﬁe 'dﬂotaplhélt;?éllew&su&&edaéd QQQ Mal coRCeratioh af HdYmef il kel

solution is adjusted kg sorbitol, the pHto 5.7. 5 nL of
enzyne ¥@skRedrm.dpa 1t0h'éh t'-!i-‘t?d@@ Uﬁﬁép@msﬁﬁwﬁ'%oﬁ@l"ﬂ@s&f s$ pLtRgenic

Cel I ul aggonaekand 8 (PO PEGUdIRRhaSS gty 20N tﬁaroagﬁ@rrﬁ&wexxﬁéM@%.nloo
m, filtered over What man paper_ and fi Iter ster| lize estion is allowed

to procHwHbinsr ali em femparatumrk Mt coldod27 e Ga(ek ctie |added Jrepvise.j Ther ed
thr O’ﬂghﬁﬂo;ﬂé@t @Mé&ﬂ\s%qy eéwthﬁlbé’d ?orsm%l'n'a@ 89?%@51 :C AheeslipRnarat i @is@irdép! d

KCl diumis used to waSh the sieve an ool ed with the protopl ast
suspens BB thexerotapiash peliedicarelly ﬁ§$L§IPQGdQﬁ in71.26 @%@UM@'HEY sypplesienigl a

suffici Qi Wﬁ?HL“yce%ta%ﬂe érﬁ?i 5@ r@%LhQaﬁbﬁﬂg}cﬁq isk Ymit@gerte nleBbas@ culthire The

suspension is transferred t ubes rotoplasts are pelleted for

10 ni n &eddmx centgined (pertliter, 9U&?h%$%mg KNOgl; 875ama -y 2R2 Mgt 686a125%P.
pel | et s 1g8npf Méé f‘?ﬁl\i?‘%%erﬂ&?@i POy, 027585%9%% Whgow@ﬁbs Pf@dwéggommb itge t he

macr o- nut ri ent medi um I\/Urashl and 00 siolo
Pl ant&r oigroretrientszacegrdingitodisliegs medium ("iﬁl.lern& fdn é@!rﬂ@%m gt My Ag 13 b- 3of

CaCl 2. ZHB%)p@l’t'aH'nh%%Ecﬁaﬂg% W@F éﬁd’ V@tmﬁ%ﬁ”‘h?e@lun{ Vil 8. AMERAS Whefthdrey to

540 nCs e cont ént tubes i s conbi ned and centrifuged for 10

mn at 8B3€f - ot 438: ‘rﬁﬁe“%uﬁ%ﬂha&"/aﬁwm SUIPSS; 3 e dNaphthalene 3selie aplad DBt | et s
car ef ul b¥niyﬁ1?ﬁlﬁ&ﬁﬂiq@%nﬂ B fuantit]lof %hﬁltmbWRe@mo gWG'SQb mGsrYlkg! medi um

wi th mannit | aced sucrose. . The content of ubes is pooled and 1
nL of KEhemmnﬁ@mmmW&ﬂ t&ba)%%mnhé’egmw@ eliyglyne OhT e agAPSRYMEdIER not
to dpgt }érgho‘eaeanld%ﬂy RIpERE Safbis ARt AuBatRl @t 9618 I the WRfk ARd fuHBertitivaited3SX 9
at 4C. The i1 nterphase between the sucrose and the KCl sol utions

cont ai nRAgesrsibed beloy: ot opl asts is carefully collected. An equal volunme of
KCI wash nediumis added and carefully m xed. The protoplast density is
measured with a haenocytoneter. PEG transformati on The protopl ast
suspensaﬁﬁtfogoraﬁﬁﬁrlfuged at 85x g for 10 mnutes at 50C. The supernat ant
is di SCfr‘hQ?iiot@ﬂQstg bR BIrRNGLPE 89X fRMOMRIRUER AN SRSl TtHe supbiddnt GOMSQR&AT | on

of 106
25 and the pellet resuspended in ice-cold electroporation buffer consisting of 10 mM HEPES, 80

mM NaCl, 0.04 mM CaCl,, 0.4M mannitol, pH 5.7 adjusted to 540 mOsm.Kg™ with mannitol
to a final concentration of 10° mL™". Protoplasts are kept on ice throughout the entire

procedure. To a 0.4 cm wide electroporation cuvette, 4.5 nmoles ss mutagenic nucleobase
and 700 L of protoplast suspension are added. A single exponential decay pulse is delivered
30 to the cell suspension using a Biorad GenePulser XCell electroporation system equipped with
a PC and CE module according to the following parameters:
Field strength 500 V.cm-1
Capacitance 950 pF
Under these conditions, the sample resistance is approximately 30 ohms and the resuiting
35 time constant approximately 30 ms. These parameters were selected as the parameters
giving the highest level of transient expression of GFP in tobacco protoplasts, 24 hrs after
electroporation. After pulsing, protoplasts are allowed to recover in the cuvette at room
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wash nmedium In a 10 nL tube, 250 ml _ of protoplast suspension, 1.6 nnoles
of ss nutageni c nucl eobase and 250 m of PEG solution are gently but
t hor oughlwormosend2198f t er 20 min. incubation at room tenpecainNRe)7/0803zt col d

0.275 M Ca(NXB) 2 are added dropw se. The proto st, sus ion is.
cent ri f IRFeREratete fop 3RimingfhgBLoteplagts ate thepde g‘?ﬁ@tbﬂ’i -POS ‘E‘P%%’Fa'é’ﬂ‘ Y the

pr ot opl gaksiePed ecs acm Qﬁll_“tubé reHeU sipRite &g Wéhhbd%.tmianmidmhbusanml lilture -

suppl errent ed with 1 cefotaxinme and nco
mut agenMe wmwelaba?seoqi%n WG'P @wetqmﬁstzavﬁp&r\ﬁ'ea /éfﬁ%rth?w%fa% %em'x'gsfﬁ%g

KNGB, 8ggnild Mibtiahe 27 50dAC! Zakdddicinl8fe S804 aRY 11250m186f tFe 4t
27.85 mgéFeSOél 7H20e 37. 25 gc':ﬂNaZ%DTA ZCII—|20 the&% cro-nutrients ﬂzjg%grdl ng

to Hel | syspensippis fransieredio a mmrﬁﬁt@,érs NAP e8ye! Yelyne 9Edo agaroge megium i3y

vi tam nﬁdﬁ,ﬁcﬁdthégmtxﬂjrm @bn MEgeAicR]. Sa isusie(iMbubted & 2510dinRhél.dark
Wet nore, Aner. J. Bot. 138- 40 1951), 2% (wv) sucrose, 3 ng

napht haﬁ%@naé'é@i"é’aéﬁﬁ%Pd%cﬁ*@edabe'%nzyl ani nopurine and a quantity of
mannitol to bring the osnolality to 540 nmbsm kg 1. The suspension is
transferred to a 35 nmPetri dish. An equal volune of TO agarose mediumis

added and gentli; m xed. Sanples are incubated at 25C in the dark and
further cul t® t gl ri bed bel ow. Electroporation The protoplasts are

centqg f Rggrﬁ(gp afo%r dufBliol And'ddUIRS Mo ROt 8% SURATHAAL Ak thahsftiiap dpd

and susp end ce-co electro orati er consisting of
10 nM keaﬁﬁismmmaee 5 rOL Mﬁﬂmmu@zm wmmm with 20 pM @qusdﬂarg@tTéus to

540 nOsp ]

340, MO el Bt b, bR 27 4o RIS 805 ] 106, 396 e g

w:c de elt ¢85 mgMgS@i. th.Q; BBy KH.ROR Zﬁr&;ﬁl reg F§§Qzﬂt‘h@e3flf 25 msndﬂ&&@ét’ée?l&ﬁh tf_veoo m_
r r S

et Pyer @ BLyBHRARESIA &/ ABSABE and SKoBHs IR IRRaRloct 77 &g OGS ¥

el ectd ofbysilogia Pfaﬁ&:'trenm Ao A7SART, 1W962) aaone:t@mdotlae mgoabcoacemraﬂipngvitamimﬁe

fol | ow pg 8Pcﬁﬁ€ eﬁ]‘ anE 'V% Fno?é £ %ELJ% g@grey & i W%éW‘% dﬂrﬁﬁp JBotJager

t hese con e resis I'S approxi nat and The
resul ti Wbmgﬁﬁnétm@myawpboﬂm €hoh 30 malic aride Semariar Mtaedscltmelaéldséf/tect ed

as 1he BRUPIELELS B @Ay REnHIBYs WY HaphihalenBNSLAR! 2EHPARP S PTing" 6

i n toba protorjlas s after el ration. After pulsing,
pr ot opl benzylamimoparihevdamples aex incabated at A% Q:mwlemlehtator ﬁoﬁnwpehq;éirawm&ﬁlbr 30

M 1. 9" NG A8 §BhaRHSa 5 e CHeliBRONR! Sbwe tb dilelof forcatlotit & SRALKN RS,
rans erre € cuve I'S was an additiona
t SRe |

TO cul tnmeénumsdasuma/\,harph_qomqostlbreavaABAChenqmonowltprwswwlqs(vvbﬂ mfmr‘tlf@r

thorough ul 98Nt Ly 765 MGr mSlidine (pH 5.7). It was solidified with 0.8% (wiv) Difco agar.

Calli are then transferred to RP medium using sterile forceps. RP medium consisted of (per

liter, pH 5.7) 273 mg KNO;, 416 mg Ca(NO;),.4H;O, 392 mg Mg(NO;),.6H.O, 57 mg

25 MgS0,.7H,0, 233 mg (NH4),SO,, 271 mg KH,PO,, 27.85 mg FeSO47H;0, 37.25 mg

Na,EDTA.2H,0, the micro-nutrients according to Murashige and Skoog's medium 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, and is solidified with 0.8% (w/v) Difco agar.

30 Mature shoots are transferred to rooting medium after 2-3 weeks.

Ss mutagenic nucleobases
All ss mutagenic nucleobase were synthesized by Eurogentec (Seraing, Belgium), purified by
reverse phase HPLC and resuspended into sterile milliQ water. Prior to use, ss mutagenic

35 nucleobase were heated up to 95°C for 5 min. ss mutagenic nucleobase 06Q262 was
| designed to introduce a single mismatch (nucleotide underlined) in the tobacco ALS gene
(accession number X07644) at codon position P194 which would result in a CCA to CAA
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ng.mL 1 cefotaxinme and 50 ng.nL 1 vanconycin are added, and 1.25 nL of the
prot opl ast suspension is transferred to a 35 mm Petri dish. An equal vol une
of TO agawo=eowmseioom i s added and the m xture is gentlyPoomagertioneds

Sanpl es are incubated at 25C in the dark and further cultivated

S
descr i b&N M) kRNVErsENo Jihgs PEQZET issaMHiFeeniE t iClephagg s the exart m?r’f?ﬁ thIhe he
agar osetspagky ;«Esﬁ%anel &;cmeﬁc@%al sehst §s ABGativeadbntrel ITed 060263 ed mutsdeiic
cont ai ni ng 22 O medi um suppl emented with 20 nM chl or sul f urgn.
Thi s meOUePRRASA GoEBiEE eﬁr a(rﬁes!om.qoe?bma&m@fﬁo gegiertifernans seves Ay Naaalss,
220 ny Eegop- 2H2O, 185 ng MySO4 H2O, 85 nmg KH2PO4, 27.85 ng FeSO4J H20,
37.25 ng Na2EDTA. 2H2O, the mcro-nutrients according to Miurashi ge and
SkooP s medi um (Murashige, T. and Skoog, F., Physiologia Plantarum 15:

473- 497 g 261% mAQﬂ@ctm’rbAwéctrh@m@m—rmogmtrwfmsEu DAY NS
accordin to More Wt nor e, Aner .

J. Bot.O 2621%8TQﬁﬁTﬁ@@I&TC'STﬁﬁTQW%CW%CEQHAE‘P‘%EpdDa%]l d, fumaric
aci d ange@béd & %T%ﬁrcé&ﬁfé@/AY&GW@GAS@G@%GM‘@&M@GNTC@ [SEQ @33]"Y

napht hal ene acetic acid and 0.1 ng 6- benzyl am nopurine. Sanples are

i ncubated at 25C in low light for 6-8 weeks. G owing calli are then

trangj eprdischids? siwhi g ftbstieand al | oned to develop for another 2-3 weeks.
MAP1 nmedium has the same conposition as MAP1AO nedi um w th however 3%

(w v) nBrieriast survivekafter SpthelkCdraastogmationand eleqiiopeiatiphis qS5RFISd By esiarasts

sol i di f bgdityLdiRg %@ﬁ@o‘é’%@!ﬂt @af ﬁﬂ)?éscel%ldcbta?é DA hF@éﬁr%hQ@rﬁ&noRP
medi um usi n?_ sterile forceps di um conS| sted of pé%a liter, pH 5.

273 ngy Kol of 1865 mpg-0h( RS f%mcew@ 3 adg nsfermeq ncatseiaatSHzo

233 my fThHpg 251 n0&re kg Proto IEst§5|ﬁTghé:e§@@ é‘@ﬂatléﬁ |35c&§hted with a
Na2EDTA. 2H20, &?ﬁ%n m cro-nutri Sﬁtsgaccor ding to Mirashi i@em Skoog' s, nedi um
[

at offe hagmocyismatere PheRTValieeE @b CERIaht QUNWithi fardikeD BePG oUFNBPbI
and Vet g &résBREl %H?&ré%b@'equ@ge@fmh% BFP/Ep NBXE80/A0EDMSAS, B410) Ifter §<§8 40,
1951), 0.05% (w v) sucrose wv) mannitol, 0.25 ng zeatin and 4 1nM
chl or suExaiiatien isapgvided |3 dPOYVeaJRﬂfth*gmpfg%t(fwmrcwle'apaﬁaﬁges“?e[? ({ACEUEsthot S
are trapghearmslovMBwWe et Car&d! défhédtéPlo £ DS-WERKRtroliSF afiathad 80 aPO wenrPas es
Al ss mutageni c nucl eobase were synthesi zed by Eurogentec (Seraing,

Bel gi unfhe Nigrﬁbm%'d iAgge acasisdienignalys pPWErand resuspended into sterile
mlljfQ water. Prior to use, ss nmutagenic nucl eobase were heated up to 950C
for 5 mn. ss mutagenic nucl eobase 06262 was designed to introduce a

si ngl e Besulst ch (nucl eoti de underlined) in the tobacco ALS gene (accession

nunber XQrgfdhry 8 thQQFHPIQfoFPﬁﬂJH B8uI1 g Wuitie bEMr@fdrﬁ%%r{ arﬁd‘eléct%ﬁréh@n is

CAA( P1940Q) conver si on. 61 ss mnutageni ¢ nucl eobase is the exact
mat ch t presepted in table 1. Usnng PE transformation the protoplast survival rate is significantly

higher compared to electroporation. The nature of electroporation itself is more detrimental to

25 protoplasts survival than PEG transformation, resulting in a much higher recovery/survival rate
as well as a higher targeted mutagenesis efficiency. The targeted mutagenesis efficiency is
scored after incubation of the protoplasts in the presence of chlorsulfuron.

Mutagenic nucleobase PEG treatment Electroporation
Survival (%) Survival (%)
06Q261 83.5+1.8 65.912.2
06Q262 82.6+2.1 66.31£2.6
06Q263 83.812.6 64.7+3.1

30 Table 1: Comparison of PEG transformation and electroporation with respect to protoplast

survival rates.
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t obacco ALS gene sequence and serves as negative control. The 06263 ss

mut ageni ¢ nucl eobase consi sts of a random conbi nati on of 40 nucl eoti des and
serves aswoegatisymocontrol. 06261 5' PCT/NL2007/000326
TCAGTACCTATCATCCTACGTTGCACTTGACCTGTTATAG [SEQ I D 1] 06(R62 5
TCAGTAC@M@@»@%A@PWGA@WWMR@W@@% |aﬁﬁr2}06a§6'99 in the recovered

5 1ATCGATGEdtfedF pratdfriatd CGATCGATCGATCGATCG [ SEQ I1D 3] Prot opl ast  survi val
per treatnent Protoplast survival after both PEG transformation and

el ect r oi6sultsi 5@ thesaveeagef dndependand replieategt SH- t y usi ng the fl uorescent

vital dye fluorescein diacetate (FDA), 24 hrs after transformation. Two nl _
of a 5 ng.nL 1 stock FDA in acetone are added to 1 m _ of transforned

pr ot opl asts The proportion of fluorescing protoplasts in the entire

popul at i nmeter. Cbservations are carried out
with a N kon E@ﬁ%@@d%%'bgﬁﬁ‘?'?'gﬁt ep|€I uorescence microscope equi pped wth
a GFP LP (EX480/ 40, DWMb05, BA510) filter set. Exci tatl on is provided by a

100W 5

oD camiha 1 RO EnBRIADK rseffin tRES mEBoRBALS LRhd FelONBasl e MU/
El enent (Qiager), aodjused as enemphteymasPQR‘ reaatian. Qnawlsmsm thenteegejedbeodans in

L1 angs OMIRdEARod 918 53@%@%5@{4 R rﬁér%@@?%‘bf&@%&%ﬂeﬁﬂm i's

pr esen ans ormatl on e pr otopl ast survival rate
i's sign{SEQ4M] % ﬁG@&TrG@BF@AG‘e‘HT@BG@ITQdSEQo@ éltth@tnammﬁxear?a'{ﬁuhpefraﬁment of

el ect ool %H‘ng nln'cfuaﬁ cdd%nnﬂhe r\ﬂ?cﬁt{]dtl rl:%?el/erjsﬂn%QEQMe?ﬁiElﬁesr%%fa\ﬁ?ltoﬁaIE@@ PEG

transf or matron, " resup in a r recovery/survival rate as

as a hi galers tsacqaﬂrmddrrw @an@S ithe &IGR oprgmp}s iMthep&B2 J&TOFOmiinsigeae)i gnd

o1 RS REFIA! il UPAED, Bl LRUSPIGEAES! Bt e o
el ecty oplmlcl&bildm cmn\lelnsm@sqmetbe I?tﬂtbpod@ploaﬂthsru elithese logt iss sefipirets tegonfert he
per cent S: ed
opu at [aeidice MRS HbBR A% b hibRirapiy Sicticl. itro Bre ionl BEARE

r epl i catargets SBDtotmEb atihichi ENEiroay baveabssuaied. trehfuiawdh lgjs DRivassneicessaty ¢l
fromch I {

(@ agenf St 18y EloRlt cRIRREATIECIP PR Ehetizt Ble Wi S LLATH oA

t ar get edonvedsiors ThlstMQesibalaaion ABeh gesirtantraallds pely tleautiafithe) 8tAlS pligles:had

2&%@@%@%@3&%@%&95%%&@3 R AL TSonGrSibhe TS T thSESY bR daked hat

in this study, we observed the expected CCA to CAA nucleotide conversion.

s
—

25
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this gene, including codon 194. Nucl eotide conversion in the herbicide
resi stant tobacco callus is confirnmed by cloning the PCR products into
pCR2. 1: : MBQo¢Was2i90r ogen) and sequenci ng i ndi vi dual pl ageraE.2007®0eER26 0
contains 2 alleles of ALS (Sur A and SurB) Nucl eoti de conversion at the
P194 codon of either of these |oci i <@®ficient to confer resistance to
chlorsul furon. As tobacco is an allotetrapl oid species, there are eight
possi ble targets in tobacco at which TNE may have occurred. In line with

this, it was nMetwdiprtaraptedajirsation oif@ulaleam@ten BNAsegesncsiimaRant 68!l PCR
product to det setopPite emﬁd?.sﬁ\g%bmg%é\dgeexae&&&Drwséqmsm% ddmk in

each resistant callus onl ALS all el es had undergone a
tar get ed mut ag@H@@PQ'CrFé'GiGQP@if whereibthe gbipley agesriprdANA sgauence copfainsa finst

produced in t hDﬁA%reHgé{nceV‘ﬁwoOi@@JoH@@)Nﬁt"@ecﬁéﬁ@&ﬁvﬁ@h g}ﬁetc@nﬁ%ém%* fhatfirste

conversion.C ains 1. for targeted alteration of dupl ex acceptor
DNA s8quence i RNA %?Hbl?ﬂcec@qwﬁﬁf@f‘élﬁﬁ danor na&mm%n%e@aﬁ%wmwgsqsr?é ledshl ex

accept or DNA sgqU@RERtdH fvith ?esge&% tmlmra&e&apbm%aaenmrb@a&eme dupl ex
accept or DNA sequence contains a first DNA sequence and a second DNA

sequence whi chpreteralple with figspegtiathe first RNArseauengenwheei b ceethedifuiRgF ei n t he

donor nut agenl&megbﬁé&oﬁmmucﬁ@&h@m%k rﬁﬁ%oﬁh&m%d)the\ﬁ’eﬂ &St to
t he dupl ex acceptor DNA sequence to be al tered preferab y with respect to

the first DNA %%@ﬁj@‘?ibﬁ%th}ﬂm%gk!?ﬂ (PE@) mediatad transfar@atioonpr i ses a step of

i ntrqguci ng t hQefRdh 2365y €lafiR RaRRerkM tRe MiRadePid nuticdbast A $s MatadBnic
pol yet hyl ene gl ycol (PEG “nedi ated transformation. 2. Method according to

claim 1, wherefyfladkasenut ageni ¢ nucl eobase is a ss nutageni ¢ nucl eobase. 3.

Met hod acgpr di mei)be a%@r!dmg]to era.niﬁn oMeiRéRiA the m&gm@mmag@e&aé@ses
conprises LNA substitutions that are at |east one nucl eotide renoved from

the targeted niNAguksitylions th%ﬁfﬁ atrlaast pne guclpelideiremoved Fpmahe targeisdi des
removed form tm%n%tc@&% 30&1'8F|§Ily0fat @9& ITU RGO rRRRISE forth-thd/BL AR

according to claims 1-3 | wherein the nutageni ¢ nucl eobase conpri ses
propyhe subst|$9@¢%¢f§he!31u'fﬁ‘@tnl¢dwcl?@§éﬁjl ng to any of the preceding clains,

wherein the acgepbalact®ifing%o tlafhs @%nwne?eu% mlifageait nBReobdERBHRMJrides

artificial chronpsones, bacterial artificial chronosomes, yeast artificial
chronosormes, pmranyneawhsmué%ﬁ chr onosomes, nucl ear chronosomal DNA,

or ganel | e £ hr oRfRETkcEMg t58hF 8L pF!\é%d.n@ cldRk Wﬂ%r@iﬁ%’é gdidaptdroNM of the
preceding clains, for altéring a cell, correcting a
from genomic DNA, linear DNA, mammahan artificial chromosomes, bacterial
20 artificial chromosomes, yeast artificial chromosomes, plant artificial chromosomes,
nuclear chromosomal DNA, organelle chromosomal DNA, episomal DNA.

6. Method according to any of the preceding 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

25 region, modifying a protein by disrupting the coding region.

7. Use of PEG mediated transformation for enhancing the efficiency of targeted
mutagenesis in plant protoplasts.

8. Use according to claim 7, wherein the enhancement is at least 10-fold compared to
transformation based on electroporation.

30 9. Use according to claim 7 or 8, wherein the mutagenic nucleobase is a ss
mutagenic nucleobase.

10.  Use according to claims 7-9, wherein the mutagenic nucleobase comprises LNA
substitutions that are at least one nucleotide removed from the targeted mismatch
and, optionally, at least 3, 4 or 5 nucleotides removed form the 5’ and 3’ends of the

35 oligonucleotide.
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mutation by restoration to wild type, inducing a nutation, inactivating an
enzyne by disruption of coding region, nodifying bioactivity of an enzyne
by al t er iwQ 20@disagor egi on, nodi fying a protein by di srupcirmg.2odreoendi ng
region. 7. Use of PEG nediated transformati on for enhancing the efficiency
of tar get etl- nubageaeasdiag tnclpimint-19r whesinibe snutggenis BUGRARASE CAGPESSSC] ai m 7,
wherein the en B Hstifutiod. | east 10-fold conpared to transformation
based on electpgﬁgratyoﬁ. 8.,Lbe accopdingﬂto claim7 or 8, wherein the
nut ageni ¢ ucl Hepaseordiag to ary ofitbegeaseding glairas hesein tte acgspton BV igifieq t o
claims 7-9, whebeinc DRA Wéﬁ@ﬂ&,%%ﬂaﬁ%%ﬁﬁci&l%ﬁé&?nés%&éﬁhﬁTahtfi'éfal ons
that are at |east one nucleotide renoved fromthe tgégeted m smat ch and,
optiofal |y, atchremesorses,yeast stififial chiomaseries i@ atific Aomesemes,MiclFagnds
of the ol i gonughsabigtaltna Gigafsiethinisopfal BNAL BBisémahnanherein the
mut ageni ¢ nucl eobase conprise Eéopyne substitutions. 12. Use according to
any of thel3r ebeelpegprdinaitaany gitiee praseding clainns feroriteringajcellf qoFieciigh@dni ¢ DNA,
| inear DNA, neppl L GiiGh @) wi AR 2 HEEHBH Fhotfaiid dbdyme b

v tlbﬁ%y?éétbrfah fi;'wa;théT,‘? a iBh. ifactival d arféribyme by

chronosones, yeast ar icial chronmdbsones, plant artificial "chrondsones,
nucl ear chr onpdismatiompicodinggeaien! modifiingiieastiity eiex engymedveaiteringicoding Use
accondi ng to apy.:of i bi i th@todhd &ddigH) a cell, correcting a
mut at1|60n by reg%étl)o(raé{nltogﬁylﬁ%S&ﬁgm?}y?é,éhﬁguC|é)n% aérrulati on, inactivating an
enzynme by disruption of coding region, nodifying bioactivity of an enzyne
by altering coding region, nodifying a protein by disrupting the coding
regi on.
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