- 1 - Title:An improved mutagenesis method using polyethylene glycol mediated introduction of
mutagenic nucleobases into plant protoplasts 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 the cell of a single stranded DNA oligonucleotide
mutagenic nucleobase. More in particular, the invention relates to a process of targeted mutagenesis
by the introduction of a mutagenic nucleobase inte- pfant protoplasts using polyethylene glycol (PEG).
The invention further relates to kits containing a mutagenic nucleobase and PEG. The invention also
relates to i€ use oAP PG foreshnaiagagesisgpeatidothusitgkpelsisihPaok@iyosidnsidiatethingiogontion  The
process of deliberalgly, Greating shaesss i e $enrtisdRpigea! of living cells has the goal of modifying
one or more genetically encoded biological properties of that cell, or of the organism of which the cell
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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 modificatRatkifrexistingtenesnivaddition, due to the precise nature
of targeted mutaghpgrizels i GARGIAG &M&Lﬂ%@%ﬂﬁ%@%@me indRisavapivHbRe aekg; readily
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expression of existing genes will thereby be suppressed). Although 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
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
mutagenesis, its is expected that novel plant lines obtained in this way will be more readily
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The chimeric DNA:RNA nucleobases (chimeras) are self complementary molecules consisting of a 25
bp DNA only region and a 25bp complementary sequence made up of 5bp of core region of DNA
flanked on either side by 10bp of 2'-O-methylated RNA that are thought to aid stability of the chimera
in the cell. The 5bp core region includes in its centre an engineered mismatch with the nucleotide to be
altered in the genomic target DNA sequence. Both tRese regions are linked by 4 bp thymidine hairpins.
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5 transformation, or for production of stably transformed plants when the protoplasts are grown on
medium to promote callus formation and organogenesis. Transformation of plant protoplasts using
electroporation has been previously reported (Fromm et al. (1985) Proc.NattAcad.Sci. USA 82:
5824-5828; Nishiguchi et al (1986) Plant Cell Rep. 5:57-60; Ou-Lee et al (1986) Proc.NattAcad.Sci.
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The present inventors have set out to improve the method of direct DNA transfer to obtain efficient
targeted mutagenesis 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 7 to electroporation and biolistics.
This is surprising, as the technologies for targeted-mutagenesis in plants to date appeared to favour
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other (chimeric) ss mutagenic nucleobase used in targeted mutagenesis, i.e. typically between 10-60

nucleotidd8 PIAAHLETH DS EANTEE LTSS HRBISE AP B8 3 cleotides. In certain embodiments
of the inveintithe, ltleeats enstageariisuchaeebadb A sedsfethechréegess haveritem trepadedandodified, for

tance i aslos RipRR ey e deseresin Aunlogelg G2 09ARTR100 and

W02007073170. Thus in certain embodiments, the ss mutagenic nucleobase contains at least one [NA
located at?@BBEERFIRA RIFFSrAtve RrRtRPRISHERAISHPPRITEMAIPIVE Ik REgieRlai $<dst one
nucleotideiseneoTed tamreiibes aslmatiiernismaialdaaghréfaribe maredhesad ivhsfareraédeast 3, 4 or
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embodiments, e ss mutagenic nucleobase can comprise one or more propyne substitutions,
essentiallPra&aEsEsibed in W02007073166 and W02007073170. In certain embodiments, the donor ss

mutagenignyteleodast Ay Renffnitigaie b PnRiRigin sis e fsienoy alaakies aisssibrigal. In this
embodiment, th .oligopucl.eohide used i tHe present invention isEpgcr))]%ﬁle%dfvia og(yrentional (%inker)
e
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herein. that are transformed also survive the transformation procedure (survival efficiency). Thirdly,
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
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



The alteration produced by the method of the present invention is a deletion, a substitution or an
insertion of at least one nucleotide. Preferably the alteration is a substitution. More nucleotides may be
altered in one oligonucleotide, but it is expected that efficiency will diminish, hence there is a
preference for altering one nucleotide. The target DNA ( or duplex acceptor DNA) can be from any
source, but preferably the target DNA is from a planb Preferably the target DNA is from genomic DNA,
linear DNXaastHIIALIENr Oies HReyChRt it apORMOS BHae DRNANS MjaeTR: Hee dH RS AR FrRIFIORGAN

episomal QrN,ﬁeJ 1]z m@M@gn@@@ﬁméﬂgﬂ@mi@a@é@@S@ed for altering a cell, correcting a
mutation orat|on to W|||d t}ép Cé]ducm% tatlon inactivati gan enz@nﬁ/ disruption of
coding reg d‘aﬂ%ﬁ‘ OE)R)%E fﬂ}o 99’1%%?8&8%'8%83%% Fé]g%%\,” 5 iﬂ%ﬂ&rg%roteln by
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transformaiqriicy. %”@@Q‘fdf‘@&h_ee@fﬂ%ﬁ”@b@@@ﬁ%@ﬁtﬂﬂ%%@?%@mﬁa@éﬁ%ﬁi’@ﬂﬁuMQHHt being
bound by theoeé it is thought that the use of PEG mediated transformation preiéjltates the DNA on the

cell membisfle(dP#{e HALhRISReP 8 mib ArdaneRA /- dh2apstlant dByRIL daiizdmbtine and
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process. The cell division typically starts later (from several hours up 1o a few days). The targeted

nucleotldéa@ﬁgﬁgﬁﬁé'%ﬁ%i%{ﬁ Y&@(Qé“fﬂé‘é@‘é’dﬂﬁb‘){ﬂé YN NRIRIY Gé’lo HPfBecI& thAGFechanism.
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Its
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mutagenegismerhaiismentRMPHficult technique with several serious limitations (as discussed in:

http://genetics.mgh.harvard.edu/sheenweb/faqg.html), in particular in terms of reproducibility.

Hence electroporation is less desirable for enhancing the overall efficiency for TNE of
targeted mutagenesis.

Direct gene transfer using biolistic delivery has been very successful in generating transgenic
crop plants and is routinely used for the stable integration of transgenes. Cell suspensions are
transferred to solid medium for callus induction and this material is bombarded by gold
particles driven by a high pressure gas source. It has been reported that the transformation
frequencies are low, ~0.01% of the total cells are transformed. Due to the low transformation
efficiency, the survival of the transformed cells 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
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
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)



Comparison of targeted mutadenesis frequencies using either PEG mediated transformation or
electroporation Protoolast isolation In vitro shoot cultures of Nicotiana tabacum cv Petit Havana line
SR1 are maintained on MS20 medium with 0.8% Difco agar in high glass jars at 16/8 h photoperiod of
2000 lux at 25C and 60-70% RH. MS20 medium is basic Murashige and Skoog's medium (Murashige,
T. and Skoog, F., Physiologia Plantarum, 15: 473497, 1962) containing 2% (w/v) sucrose, no added
hormonegd eRrrIteBRBHedraguenF Ry kelpiidRte rigioascor i edeeiiarRpEH O ChieNeS iIRFeehsRdested.
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enzyme stock SR1 are then added. The enzyme stock consists of 750 mg Cellulase Onozuka R10,
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f! lter-steri Iihedinmigeeﬂmtmajlmdm mlei‘megt_jnmdgmeis] nherﬂad(aalaﬂﬁi]m'blaetaﬁgmedrmms_ are
filtered thrHHQJ%éQeQi'%‘&H&%é&ﬁ%ﬁéﬁ%rﬂaﬁﬁ%@?ﬁ%&s%@%‘ O R AEGHI el Meash medium is

used to wash the sieve and pooled with the protoplast suspension. KCI wash medium consisted of 2.0
g CaCl2.28e3ddrntdfeiniel suiélent §APRAVEIFEAR0 BARGIHEMSEH ISR 8Re #essm.kgl. The
suspensiaxjtiapateiresbtn haotoubesheddareipp)asis eselpatietradaralhy stiscabBthee g at 4C. The
supernataghthiﬁ g"&sscarded and the protoplast pellets carefully resuspended into 5 mL cold MLm wash
medium, WhICﬁ IS the macro-nutrients of MS medium (Murashige, T. and Skoog, F., Physiologia
Plantarum, 15: 473Bsgmardgmnaphbgitineaietmal ceacattation beendgesortadpt arolfigenaiel and a
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at 4C. The supernatant is discarded and the protoplast pellet carefully resuspended in 1. LTo

culture mEEEY30FBIEIRERRS RSt pg ohehaiceefor SansioEnation py wabidopaiscuaigRlastss
mutagenigrigcieehasesGHiihgara wiugsHtahnrg e ity (Mathuf)edal mMeHoIOR BaedmaNH4ANO3S,
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EleCtrOpo\’cﬁ‘H%Iasts, 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
efficient targeted mutagenesis 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



The protoplasts are centrifuged at 85x g for 10 minutes at 5gC. The supernatant is discarded and the
pellet resuspended in ice-cold electroporation buffer consisting of 10 mM HEPES, 80 mM NacCl, 0.04
mM CacCl2, 0.4M mannitol, pH 5.7 adjusted to 540 mOsm.Kg1 with mannitol to a final concentration of
106 m121. Protoplasts are kept on ice throughout the entire procedure. To a 0.4 cm wide
electroporation cuvette, 4.5 nmoles ss mutagenicnucteobase and 700 pi_ of protoplast suspension
are addedO&ISHiflERfRIhantdAielistay. JiNsdss wenvradotiedeeinslogrnsioinigsiey a Biorad
GenePulsgipgalcale G PR3 MEIe P did RP el Wit R Ao pRsticrR e thien3ssQpetiadda the
following p rametersH:Etlld strength500 V.cm-1 Caﬁpactganc%g.I conditions, the
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These pathmendag aracanseleahiedessatitenoaiaithetded \nirsy tteentHigHiedvievw tiferankiganiexpression of
GFP in tohaceemysiaBlarisfbhIs @R @Retroporation. After pulsing, protoplasts are allowed to

recover in_the cuvette at room - 11 - temperature for 30 min. The protoplasts are then recovered in 1

mL To culifeAERLAYARE PARSHRBPES ™S THSHIORHESE AR BUIRLRDIS WAGARASFifP e it fonal 5 mL
To culturepmddogna Wh%@ismnmlstbwﬁhtﬂ%loglaﬁbadﬁgenﬂierbiAﬂerdhtamgh loleingeaitkes mixing,
S0 ug.m 1%&?&?&?&%8 AL Y %r%@ﬂ&&@%%ﬁ@d&célg Qr‘l?é%o%'HQfl |1Tp§o‘idB|559£ h@n%@&ﬂ@lﬁﬁ'&e

suspension Is transferred to a 35 mm Petri dish. An equal volume o agarose m@é@ IS added and
El S\ E ift¥ated as
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Na2EDTA.2H20, the micro-nutrients according to Murashige and Skoog's medium (Murashige, T. and
Skoog, F.I Phr}/siolo?i lantarum 15:t473'f197’ 19&2&? (éne t(tanéh %t{le origingl ancentra%ion,
vitamins aCCBTRRY TS NIBHET AU W BB B BB MBS & Thal i A O Rt SHE R REFeR B ot.
38:138-4NOSEENeg [yauniats cel prejadast sfomatisingico mbiniristheiduntek ciaderioid?)8%6 (w/v)

sucrose, % (ACTIARNIRS A RRyRINARMBBIRES AREsAR AN ARighBr BRIZYAIRRUNINE.

Samples are incubated at 25C in low light for 6-8 weeks. Growing calli are then transferred to MAP1

medium aFRIABHRY R QRVEFSHHEPCHANTR £SNE LA Ry RrE I hisdRRELnRieneeMBbYIfon as
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forceps. RP medium consisted of (per liter, pH 5.7) 273 mg KNO3, 416 mg Ca(NO3)2.4H20, 392 mg
Mg(NOS)?@@P%F%?‘%HWI%?PHQ@%SVE%%NF@@)Q‘?@P‘&Wﬂf’ﬁ@ GePPEss 295y Fe504.7H20,
37.25 mgiheiBbiig\tREROrina geitcaradititateacearding tpritupasivgesing h Siengisnamgyicsn at one

fifth of the i ion.. vitamins according to Morel and Wetmore's medium (Morel, G.
and R.H. \(ﬁgﬁﬂﬁgaér%geﬁ%?g@gﬁ %@%138-40, 1951), 0.05% (w/v) sucrose, 1.8% (w/v) mannitol, 0.25

mg zeatinA9F3 THNAGANTSIUAIRBRASHIE RIQKIHifbel cORERT. B RIPIONMRES Hdae. AAatiPLShoots are

transferregdasroptied usiag iy MEdtabarsBHiREkS. fasdh waRrhsyPUtirabesanedilted RiHseRRMioN
nucleobase were synthesized by Eurogentec (Seraing, Belgium), purified by reverse. phase HPLC and
rosupen el B BEHSS ST el B e e e e S A E AR b t0 9mac
for 5 min. protenalagenibentields by teeGB b Mavagitesigepatinihtiot doe gistioiflepieseatch (nucleotide
underlinegh)jgntiym tobacco ALS gene (accession number X07644) at codon position P194 which would

resultin a CCA to CAA _ _ , . .
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
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 WO2007073166 and W0O2007073170. Thus in certain embodiments,
the ss mutagenic nucleobase contains at least one LNA located at a position that is from the
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 nucleobase. In certain embodiments,



12 (P194Q) conversion. The 06Q261 ss mutagenic nucleobase is the exact match to the tobacco ALS
gene sequence and serves as negative control. The 06Q263 ss mutagenic nucleobase consists of a
random combination of 40 nucleotides and serves as negative control. 06Q261 5'
TCAGTACCTATCATCCTACGTTGCACTTGACCTGTTATAG [SEQ ID 1] 06Q262 5'
TCAGTACCTATCATCCTACGTTGCACTTGACCTGBTTATAG [SEQ ID 2] 06Q263 5'

ATCGATUBAT CGRISEATCENRAETAT CEATSECAFOGATEE PHETE IS itopl@sseniaapper
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electroporation is presented in table 1. Using IID transformation the protoplast survival rate Is
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detriment@ thepPEGRiastRISHHNBIal g0 PhéHsaoRigy medtnmeaesaténg in a much higher
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nucleobag insertion of at least one nucleotide. Preferably the alteration is a substitution. More
nucleotides may be altered in one oligonucleotide, but it is expected that efficiency will
diminish, hence there is a preference for altering one nucleotide.
The target DNA ( or duplex acceptor DNA) can be from any source, but preferably the target
DNA is from a plant. Preferably the target DNA is from genomic DNA, linear DNA, artificial
chromosomes, nuclear chromosomal DNA, organelle chromosomal DNA, episomal DNA.
The method according to the invention can be used 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.
In one aspect the invention relates to the use of PEG mediated transformation for enhancing
the efficiency of targeted mutagenesis in plant protoplasts.
Without being bound by theory, it is thought that the use of PEG mediated transformation
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
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 start 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
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



PEG treatment Electroporation Survival** (/0) Survival** 06Q261 83.51.8 65.92.2 06Q262 82.62.1
66.32.6

- 9-
mutagenic nucleobase) is available to find its complement in the DNA of the acceptor cell and

exchange the nucleotide as in common targeted mutagenesis mechanisms.

Examples:

Comparison of targeted mutagenesis frequencies using either PEG mediated

transformation or electroporation

Protoplast isolation

In vitro shoot cultures of Nicotiana tabacum cv Petit Havana line SR1 are maintained on MS20
medium with 0.8% Difco agar in high glass jars at 16/8 h photoperiod of 2000 lux at 25°C and
60-70% RH. 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. 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 KCI, 1.0 g MgS0,.7H,0, 0.136 g
of KH,POy,, 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. 5 mL of enzyme stock SR1 are then added. 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. Digestion is
allowed to proceed overnight in the dark at 25°C. The digested leaves are filtered through 50
pUm nylon sieves into a sterile beaker. An equal volume of cold KCI wash medium is used to
wash the sieve and pooled with the protoplast suspension. KCI wash medium consisted of
2.0 g CaCl,.2H,0 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
(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.

. 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



06Q263 83.82.6 64.73.1 13 *expressed as the percentage of fluorescing protoplasts after FDA
staining in the recovered population of protoplasts. Results are the average of 3 independent
replicates SD. PCR amplification of ALS and sequencing DNA is isolated from chlorsulfuron 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'GGTCAKRE TGOOADRTAGGATTIEQIBAg & Araust BBTTCHEET TS TrE (S E@dded ittt

amplify a defamfagaientef fhisgrRediEiudiseeasard AthMutderiitstepiaersion in the herbicide
resistant tobacco callus is confirmed by cloning the PCR products into pCR2.1::TOPO (Invitrogen) and

sequencing individual plasmids. Tobacco contains 2 alleles of ALS (SurA and SurB). Nucleotide
conversioREGttanBftddaimion of either of these loci is sufficient to confer resistance to chlorsulfuron.

As tobaccpyis f%l%%%%f@ﬁ%ﬁ%§i%ﬁq@§emﬁﬁfgéﬁea?igﬂ BOSP IR AARERIS 11 ERBAGGR AR may

have occurred. In line with this, it was necessary to sequence >10 plasmid clones containing the PCR

product tFEREEE RNHitReaRFERIRS CREARL JRSHPaRASFhIS QBRI RSO R SisBint LAt only 1
out of the \Badh $hatleles maal Lhdergde 285G deté gnototdgsresisemediated nodestnfessomwarsoic. For

all the cally pradyged LLHISSIURY orV@RESEEYGHING X BEAIFH Kut-th EPoHEH HHBAIdHEP HERIAN- - 14

) incubation at room temperature, 5 mL cold 0.275 M Ca(NOs3), are added dropwise. The
protoplast suspension is centrifuged for 10 min at 85x g at 4°C. The supernatant is discarded
and the protoplast pellet carefully resuspended in 1.25 mL T, culture medium supplemented
with 50 pg.mL™* cefotaxime and 50 ug.mL™ vancomycin. ss mutagenic nucleobase culture
medium contained (per liter, pH 5.7) 950 mg KNO3, 825 mg NH4NO3, 220 mg CaCl,.2H,0,
185 mg MgS0,.7H,0, 85 mg KH,PQ,, 27.85 mg FeS0,.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 suspension is transferred to a 35 mm Petri dish. An equal volume of T, agarose medium
is added and gently mixed. Samples are incubated at 25°C in the dark and further cultivated

as described below.

Electroporation

The protoplasts are centrifuged at 85x g for 10 minutes at 5°C. The supernatant is discarded
and the pellet resuspended in ice-cold electroporation buffer consisting of 10 mM HEPES, 80
mM NacCl, 0.04 mM CacCl,, 0.4M mannitol, pH 5.7 adjusted to 540 mOsm.Kg'l 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 pL of protoplast suspension are added. A single exponential decay pulse is
delivered 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 resulting
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



Claims 1. Method for targeted alteration of a duplex acceptor DNA sequence in a plant cell protoplast,
comprising combining the duplex acceptor DNA sequence with a donor mutagenic nucleobase,
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 mutagenic
nucleobase comprises at least one mismatch with réspect to the duplex acceptor DNA sequence to be
altered, ptefepaENUWRELFPFeXharn td feenpiomnets Suguberréeopverethithd Metho8UHREPEDPriEs a
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4. Method according to claims 1-3 , wherein the mutagenic nucleobase comprises propyne
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genomic Didvdieeas Dbb&ribeameialan artificial chromosomes, bacterial 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 abRfieRiRH eylthealiaation 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
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Physiologia Plantarum, 15: 473-497, 1962) at one tenth of the original concentration,
vitamins according to 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. Samples are incubated at 25°C in low light for 6-8 weeks. Growing calli
are then transferred to MAP1 medium and allowed to develop for another 2-3 weeks. MAP;
medium has the same composition as MAP;AO medium, with however 3% (w/v) mannitol
instead of 6%, and 46.2 mg.I™ histidine (pH 5.7). It was solidified with 0.8% (w/v) Difco agar.

Calli are then transferred to RP medium using sterile forceps. RP medium consisted of (per
liter, pH 5.7) 273 mg KNOj, 416 mg Ca(NO3),.4H,0O, 392 mg Mg(NO3),.6H,O, 57 mg
MgSO0,.7H,0, 233 mg (NH4),SO,4, 271 mg KH,PO,, 27.85 mg FeS0,.7H,O, 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.

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
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



- 15 - 10. Use according to claims 7-9, wherein the mutagenic nucleobase comprises propyne
substitutions. 11. Use according to any of the preceding claims, wherein the acceptor 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. 12. Use acco*rdil@-t_o any of the preceding claims, for altering a
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single straxad#dloligonucleotides into plant protoplasts <130> P28853PC00

06Q261 5 TCAGTACCTATCATCCTACGTTGCACTTGACCTGTTATAG [SEQ ID 1]
06Q262 5 TCAGTACCTATCATCCTACGTTIGCACTTGACCTGTTATAG [SEQ ID 2]
06Q263 5 ATCGATCGATCGATCGATCGATCGATCGATCGATCGATCG [SEQ ID 3]

Protoplast survival per treatment

Protoplast survival after both PEG transformation and electroporation is assessed by esterase
activity using the fluorescent vital dye fluorescein diacetate (FDA), 24 hrs after transformation.
Two pL of a 5 mg.mL™ stock FDA in acetone are added to 1 mL of transformed protoplasts.
The proportion of fluorescing protoplasts in the entire population is counted with a
haemocytometer. Observations are carried out with a Nikon Eclipse E600 upright
epifluorescence microscope equipped with a GFP LP (EX480/40, DM505, BA510) filter set.
Excitation is provided by a 100W super high pressure mercury lamp. Images are acquired
using a DS-2MBWc CCD camera connected to a DS-U1 controller attached to a PC running

the NIS Element image acquisition/analysis software.

Results

A summary of the transformation results using both PEG transformation and electroporation is
presented in table 1. Using PEG transformation the protoplast survival rate is significantly
higher compared to electroporation. The nature of electroporation itself is more detrimental to
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™ (%)
060Q261 83.5+£1.8 65.9+2.2
060Q262 82.61+2.1 66.3+£2.6
06Q263 83.8+2.6 64.743.1

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

survival rates.



<160> 5 <170> Patentln version 3.3 <210> 1 <211> 40 <212> DNA <213> artificial <220> <223>
Oligonucleotide for Targeted Nucleotide exchange <400> 1 tcagtaccta tcatcctacg ttgcacttga
cctgttatag40 <210> 2
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“expressed as the percentage of fluorescing protoplasts after FDA staining in the recovered
population of protoplasts.

Results are the average of 3 independent replicates + SD.

PCR amplification of ALS and sequencing

DNA is isolated from chlorsulfuron 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 5GGTCAAGTGCCACGTAGGAT
[SEQ ID 4] & 5GGGTGCTTCACTTTCTGCTC [SEQ ID 5] that amplify a 776 bp fragment of
this gene, including codon 194. Nucleotide conversion in the herbicide resistant tobacco
callus is confirmed by cloning the PCR products into pCR2.1::TOPO (Invitrogen) and
sequencing individual plasmids. Tobacco contains 2 alleles of ALS (SurA and SurB).
Nucleotide conversion at the P194 codon of either of these loci is sufficient to confer
resistance to chlorsulfuron. As tobacco is an allotetraploid species, there are eight possible
targets in tobacco at which TNE may have occurred. In line with this, it was necessary to
sequence >10 plasmid clones containing the PCR product to detect one with a CCA to CAA
conversion. This suggests that in each resistant callus only 1 out of the 8 ALS alleles had
undergone a targeted mutagenesis mediated nucleotide conversion. For all the calli

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



<211> 40 <212> DNA <213> artificial <220> <223> oligonucletide for targeted nucleotide exchange
<400> 2 tcagtaccta tcatcctacg ttgcacttga cctgttatag40 <210> 3 <211> 40 <212> DNA <213> atrtificial
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Claims

1. Method for targeted alteration of a duplex acceptor DNA sequence in a plant cell
protoplast, comprising combining the duplex acceptor DNA sequence with a donor
mutagenic nucleobase, 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 mutagenic nucleobase comprises at least
one mismatch with respect to the duplex acceptor DNA sequence to be altered,
preferably with respect to the first DNA sequence, wherein the method further
comprises a step of introducing the mutagenic nucleobase into the cell protoplasts

using polyethylene glycol (PEG) mediated transformation.

2. Method according to claim 1, wherein the mutagenic nucleobase is a ss mutagenic
nucleobase.
3. Method according to claim 1 or 2, 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 mutagenic nucleobase.

4, Method according to claims 1-3 , wherein the mutagenic nucleobase comprises
propyne substitutions.

5. Method according to any of the preceding claims, wherein the acceptor 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.

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
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 at least 10-fold compared to transformation based

on electroporation.

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

oligonucleotide.



<220> <223> oligonucleotide for targeted nucleotide exchange <400> 3 atcgatcgat cgatcgatcg
atcgatcgat cgatcgatcg40 <210> 4 <211> 20 <212> DNA <213> artificial - 2 - <220>

10.

11.

12.
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Use according to claims 7-9, wherein the mutagenic nucleobase comprises propyne
substitutions.

Use according to any of the preceding claims, wherein the acceptor 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.

Use 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 region,

modifying a protein by disrupting the coding region.



<223> primer <400> 4 ggtcaagtgc cacgtaggat20 <210> 5 <211> 20 <212> DNA <213> atrtificial <220>
<223> primer <400> 5 gggtgcttca ctttctgctc20
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Seq listing. ST25
SEQUENCE LISTING

<110> Keygene NV

<120> Improved targeted nucleotide exchange using polyethylene glycol
mediated introduction of single stranded oligonucleotides into
plant protoplasts

<130> P28853PCO00
<160> 5
<170> Patentln version 3.3

<210> 1
<211> 40
<212> DNA
<213> artificial

<220>
<223> Oligonucleotide for Targeted Nucleotide exchange

<400> 1
tcagtaccta tcatcctacg ttgcacttga cctgttatag 40

<210> 2
<211> 40
<212> DNA
<213> artificial

<220>
<223> oligonucletide for targeted nucleotide exchange

<400> 2
tcagtaccta tcatcctacg ttgcacttga cctgttatag 40

<210> 3
<211> 40
<212> DNA
<213> artificial

<220>
<223> oligonucleotide for targeted nucleotide exchange

<400> 3
atcgatcgat cgatcgatcg atcgatcgat cgatcgatcg 40

<210> 4
<211> 20
<212> DNA
<213> artificial



<220>
<223> primer

<400> 4
ggtcaagtgc cacgtaggat

<210> 5
<211> 20
<212> DNA
<213> artificial

<220>
<223> primer

<400> 5
gggtgcttca ctttctgete

20

20



