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SELECTI ON WhR§ FI ELD OF TH '
Thi's applicatl Eﬁi)zlss concernéd with a novel selectable narker %’8’02979
especially with the use of cyanam de hydratase as a sel ectlon mar ker
in transformation experinents, nore ssRaidN Ak | N pl ant
transformati on experinents. .
BACKGROUND ART 10 Cyananmide (Herr]NClerr]N) is a nitrile derivate
which, like other nitrile RI@LDPy AFc STHE SINWRMAION agricul ture for

sti nul ati on Ofhigr Qy’ﬁlh.caﬂﬂmf 9% concerndd @{n R UEFIdIBerNBNAUPRAE, | N aqueous
sol utlon or in the calciumsalt is used as a fertilizer

by providing SFREHE 81§h§{‘§dﬁe of cya“WdFt’ydﬁ%'faz?&oﬁ @ EBIRFEASR RTkex has,
however, the Eddransivrhatidvaetmgenditcs, mafe Smick BiradSy airheldnci de. To use it
as fertilizer Ladnsltd e bef ore sow ng. Chem cal |y,
cyanam de bel%ngg tgm%ﬁ'ogclegggn Strites. In spite of t he
relatively rare occurrence in nature of conpounds containing the

nitrile group, enzynes that hydr ate tﬁﬂé‘-@gs@gboalgave been found in 20
bacteri g, and Rl ants al . (1988) Bi.ochem Bi ophys.

Res. Co%o"run %%e‘f%kg'n Er‘]‘(?oal 'I"“éh’(f ﬂﬁf‘é’ﬁéﬁé’hl"c ( 1459)otheppirsife

243 61-64). Asﬁemvanes hesmﬁegus:n Mg Dédlear el Moy eci nigloatiian eumbfdvidheand for
hydrating enz fg;“._ gg ( I 1973)

Pfl anzenphysi oI te ﬁ#’gﬁéﬁs\!d’r at(g'wafl g%gu %F.,léf E’ogh ff’mfg its
cyanamni de w t‘l’FlFbPﬁa‘tail&n’-%P‘SE@e%? a fertlllzerl—lfsepF?\N-d@{@raﬁ}nRhﬂa [@Hhe>s0il

Herr] N CO- NHhe ik me\:abollc cW&rsi@i EiTRefaset hileved A ¥Re |a%ﬁk@$c§ﬂltﬂ§mﬁ@;§’éna

and cloned the gepe 3a S g or it (Proc. Nat]. Acad. Sci.
4260- 42é 1997)*° S & her eTHERB ST PRIESTTYHEET tiF Ea%rffy’f’f% agﬁbWsd an
extrenely narb%ﬁnrsummat e specificity, where conpounds chem cally

related to CY@{@:HEQQW @)[rﬂﬁ;nid belonchOEQ%J Z?.l gs {ﬂ?\?} 13LeS, o 1te o

Sel ect abl e markers have to confer a m nant on franstorne
cells which |E"%5Féawebélﬁ?geu%%rﬁsn% s%lneev#eoaf (HOFHP@Mdé cqirad pifa che

into two cl aSﬁﬂ&Aler&'oﬁba&fhzﬁeQQﬁ’sEE Mm e SE&peham%egﬁldound in
vi abi | i ?é( or Lac eaI i t | n t he presepnce of a selective $ ent .

class of genes SsPHESPI T enaéq’alsé‘&atg orEtcdt 49 9&?“’5’& %‘?PE’I‘F
confers transkei- n’é‘eﬂ“w | £35010P8 S (Rndpi Thgand WabanabhySi da9891 FEBS Lett.

characteristiggs 61-64). R14d 3Rt eild 2085R" P deBB-AfevdLAELE QN Ol G0l d S
i ncor porat i ng, t he novel
hydrating enzyme was found (Stransky H. and Amberger A. (1973) Z.

Pflanzenphysiol. 70 74-87), which hydrates the nitrile group of

25 cyanamide with formation of urea:
H,N-C=N + HOH => H,N-CO-NH,

Maier-Greiner et al. have isolated the enzyme and cloned the gene

30 = coding foz; it (Proc. Natl. Acad. Sci. USA _.B__&, 4260-4264, 1991). They
have demonstrated that this enzyme shows an extremely narrow substrate
specificity, where compounds chemically related 'to.cyanamide are not

" recognized as substrates.

35 Selectable markers have to confer a dominant phenotype on transformed
cells which is able of being used as a selection criteria. These fall
into two classes: one class of genes which confers either cell
viability or lethality in the presence of a selective agent and a

class of genes which has negligible effects on cell survival but which



. - By .
DNA is generally low, so nost stable transformati on schenes use 5 '
mar kers whi ch ensure the survival of transforned cells in the presence

of a sel eMQ WKLt A nunmber of selection markers oPCT/EPS/G2PT9st
group has been known and used for pI ant transfornation experinents
for several years Oy Ci

phosphot r ansfEPASE (tﬁp?%%% e ]élosnf"égh sfﬂe %QSX ghr% p?%“ﬁagr oup of
antibiotics |mrme(¥gsmany0| n, parononycin, geneticin and neomnyci n,
mutant fornms &f il @szmr@&qwlcmt e-.t.-fcmn of ..smfshmrg@iﬁnmhghnm@f er
resi stance to_im dazol i nones, yl ureas, trjazol opyri m di nes and

pyr| m dyl oxybB¥z b8 te0eE Yt frw. so “‘°S'én"z‘5?ﬁl1ae (FFERBIAFRRTion schemes use

-0 phossphotmaa:ntaferm?.eh (elapﬁ:)e whé alureDrfles s thansforned icall BNCGR tige Pygsediyci n.
AI so avail abl g are & tgve 1 rg‘inl col transferase (cat) which detoxifies
chl or anpheni coﬁ and di Fol'ate reduct ase (dhfr) which neutralizes
t he toxic effRousbef or#eﬁﬂ@;tmwkers of thAimifhest wyoup iakilkeeni knawp apse t he
bar gene for f&s §£P~3§.Qné Qralkﬁormatlonhé{pgkﬁﬁéi%sbfﬁj §9«F51%1(§@Qr97/ﬂ5§3&\1 20

Al though there already are a number of selectable markers ‘avail able,
there is stil®né&kg WW%%PW“WEP“”FHF%”P& dFRE) ghdel forfexs
reasons:o resiselete tbaNggeNd ©f prfbiotdke el adidgr Rt ivedpatimosysiac ond

time with 25 ?ne%lg n a%Qr}feoR‘%&t% %\\héagﬁn Cr%g afr)éh& %&%]Eeiélra Xl:ee new y

f or med ranstorman of a secon ecta e mar ker .
- the above neyntheaedade) eérttcler?onrﬁqtmépsm&laecwtp tpieeekisoren in al

pl ant speci eSgylfonylureas ¥R afd1obPeind A IRAUBSS %iﬁ%yh@*%eh@o&es agideend o
enabl e selection are 30 antl brotics. Spreadin f gen | ch give

resi stance t oS¥AEbIEEeR¥Cin 37 -O-pRosRheFFARSE ERAS s ﬁ‘Fied as nuch
as possiibl e t eesisbhdcd e hygromycihi S sof avdnilele ang dhesrattpaaoe:otlo pat hogens.

- sone of the campounds aé&u;Cnhﬂ%vseéogugfesadﬂf&akgheqa@m eanae&ﬁwmlaeg

rel ativel y expensi ve. There iIs need eaper sel ectl on agents.
2 reductase (dhfr) which neutrallmR\zoa:c -H.ﬁEeq:wEthrexate

The inventi onanemeRr Po8sABH1ilcReidI$e e BhgaAe Sl Fgr f@Eistance teyeHeaN de

hydr at ase (CAH) .as. ew.sel ect.io r . Preferably this can be
used for the ﬁ??ﬁ"gfﬁﬁta%ﬁw& Equ Q%@_sgﬁm gene conprises the 5-
nucl eoti2le sequence of SEQ DNO 1 or nuteins thereof having cyanam de

hydr atase f U”%&%}%&gh there alr-gggy 'aggeﬁg'b%rf UE tﬂqgcwrﬂ\ﬁﬁr@ a%lmqef or
the selection o transfornmed plants which conprises constructing a

vector carryi fexe 18 stildrgedgfyegoeiies ﬂ‘?flkeCAIq’héﬁchadb%ﬁé Btverat er est,
transform ng tB&sons: vector to plants or plant parts or plant cells or

cal | us and Or QWA eransoehll® 1G5 LLODRLESNRLAIMRALS col £ B4 T,
25 a new construct it is necessary to select for the newly formed
transformants with the help of a second selectable marker.
-~ the above mentioned selection markers are not applicable on.in all
plant species.
- some of the compounds which have to be added to enable selection are
30 antibiotics. Spreading of genes which give resistance to antibiotics
or herbicides should be minimized as much as possible to avoid the
risk of conferring resistance to pathogens.
- some of the compounds which have to be added to enable selection are

relatively expensive. There is a need for cheaper selection agents.

35
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The invention is also directed to the use of cyanam de for the 15
selecti onvahogyygens s transformed with a gene codi ng for CAH PCT,EP”mﬁyrther
part of the invention are expression cassettes conprising a
nucl eoti de sequence codi ng for cyanam dehydratase and a gene of
interest. Also part of the invERUMRRY aPR FEEt FHYERFEIM t hi s expression 20
cassette and host Sphel mdeﬂdmgnéarﬁlaaﬂéy kHusBagoar 4@ amh;gaf&eector
Further, plants tr {; h such a vect.or and/or. such an
Agr obact eri urfYeBPm: a&% Y r&f:a?%é mgﬁt?dﬁw selectéqbon marker. Preferably this
DESCRI PTI ON dan Bélusell XdREEhe transfofFmgtibn of plamlist.| Thee gefie tdosprii-sblAten

pMOGB74 Qe SesBhol e of NI MISHIER, g 3
Qutline of thnuc$E%\JfE% sequen S © ° ¢ I ne ofm‘t!hceya?a
pMOGL005 30 hdePaasesfunctlentl i ne of the T-DNA in pMOGL278 Fig: 6
OJtIlneoftheTDNAlnpNDG1295 Fig. 7 Qutline of the T-DNA in
pMOGL253 . Fig ..8 Qutline.of the r SSI n cassette 1 n pMOGE73
B o Qi RRVRELPR SR SO Sen A BT Fomtirdrycegen ot 1 650

Ar abi dopsi s ecqalnam:snetirnhs!terméhwdmresespmmzm a vector carrying a b)

pmlol§6| eCéﬁinQ”ae@QeHEJ lfofmaglx % of interest, transformin e
DETAI'LED DESCRIPTI ON OF THE | I\R/El\ﬂ'l ON

The i nvent i onveEodi PRI BT tHENHRITEF F BRATE EBHtne® Bt1ey ARA ATqWing

hydr at ase as enéekecitahl ecridfskdtivants in a Me@i@Nwyieh eymprdgks eyvhysiidiease

(CAH) confers resistance to cyananm de 5 whi ch is a conpound that has

her bi ci dal activity. It has now been found that this property of the

gene can be uSks invenuignsisophsd iddnected to tthelusel ofjryawantidepfdmthi scer ni ng

transfonged pLapu-g:bd QP Pfits transtdinRBSEHALTE bRk H¥aSng HRWEMEY., the

her bi cidal activity alone is not sufficient to make a gene useful as
a selectable marker. For that it 10 is al so needed that the gene is
expressed in flherGeddcSofthehirfeRtion are Shtprédstiosl daesetleeCédmpeigimigdat i ons.
Thi s can be el t tlerr_b‘ye $onstl tutive expr e§‘5| on_or expr ESSI op.in

specific tissUes Trke Eartus; CEEGe for cyanem I RE S (TS B el e

meri stemati c tnwwges. Algetoeetn®f ¢hejinviegtion are Ne@d:erd witdt tlnih?eegremaésion
-convertsggsuscepiddiichidng Résed, Pldbaldy ﬁgmgceeﬁﬁm haGB5RAYNELdnNL OrdRber ance

wi t hout any residual toxic act | vity. Al's presence of a | arge
enough ' wi ndoﬁF“&’@FV\e‘Qﬁ“Fﬁé:rEBﬁfc%ﬁ‘F?dﬁtBrFW 3 gereor and/orgighafld needed
for sel ecti onagrdbakcheérimgntadn patd of tHed Chvdnfidde presence of the

sel ection gene at which still gromh can be seen is of i nportance for

the use of a selection nmarker gene. In addition, the

25 . DESCRIPTION OF THE FIGURES
Fig, 1. "Outline of the T-DNA in pMOG874
Fig. 2. Outline of the T-DNA in pMOG1l156
Fig. 3 Outline of the T-DNA in pMOG22
Fig, 4 " Outline of the T-DNA in pMOG1005
30 Fig. 5 Outline of the T-DNA in pM0OG1278
Fig, 6 6utline of the T-DNA in pMOG12§5
Fig. 7 ‘Outline of the T-DNA in pMO0OG1253
Fig. 8 Outline of the expression cassette in pMOG873
Fig, 9 Outline of the expression cassette in pMOG617
35 Fig. 10. Arabidopsis explants transformed with a) pMOGll56 or

b} pMOG410 selected on 50 mg/l cyanamide both.



20 system shoul d preferably function suf ficiently cell autononously,

such tg@% in a chimaeric tissue (i.e. atissue with a nosaic of

t r ansf or neyC 2848023 g untransforned cel s) unt ransf or med cBETEPIHRIDLL
prot ected by nei-ghboring transforned cells and therefore survive
sel ecti on. Sur priﬁ'g-mﬂm t B cReBPLdIAt bPN 18k tARENeREy COding for CAH

and the toxic_ 25 rE)ertl es of cyanam de qualify faor their use as

sel ection marK& inverltis dyspipficted to therjse of 3 epP PN \FoT ( Fvapanide; o
possi bl e t 0 sidretade ansf cehaniablemarker. basis of their tolerance to
cyanani de. a

converted into eufréaﬂr? gﬂaln%\/\ﬁ&%hy?%‘é%%%\?%&x %o%g%a%?%ﬁg 'ﬁ% s‘g’l’aﬁ Nﬁ] err]
and CQ efr]. WHehNH & F9mRoyRd bat has hexbiedflalyaqtisripraft 1}?5 seubeen of

ni trogen. Thi gound eWheadgid Ipespérty of the %%h@céahoﬁb Res& ikl uatr&fwnaw&r ease

t he "wi ndow' between tol §leﬁnce and sel ection, Nor ma“)\/é the culture
nedi a cont ai nt%‘i%‘ﬁﬁh?g&’ SR PPt P ddscerning transfoprethb RISt FP™MiPshi ge and
Skoog nedi a, ssasfalned Plamtd. Howevdr,3bhe hetlied@alnmetidity Asheots hbei r
concentrati Ons&fsflqg e@§%kgh§ gtekg‘% I‘{ﬂ;g a selectagllﬁg‘%§' g,ong,gll QEQ? J.tth.e CAH
gene w Il convert t cyanam de pr esen‘tl | um as selection
agent inPo uréa A8 ffﬁ?@?‘l‘]eﬁ*‘aF n‘tl’i? gFRfD AP aﬁwaﬂ?d in those galIse whkdbdazs

ni trogen sour geomithed BNsdledBSIObBREL tRbHl Shidy ea:unbabéﬁcher by cohdtif@rig,
thus in addition to.the herbicidal effect_, of c

4 SR S CEVRRTTER 11 GREG A0 OERtS Joeg BARAnPS® i n ¢ he
area of emitvoggeir tipssdes. and mer:.stefﬂ]acntlrdsaes.l Gergegmerceitdd ng for
CAH i s prefergbldcat Bg. S ERYGARE s’z,%vérts sudlBL 6186 %fsﬁglgwt% a Alog@c MUt i s

of this sequence may be consi dered as being part o he 1 nvention.

Mut ei ns 'dre nGETRAGPR FRtectRIcHRRE WhERONE any resd-ldt’%]r tPHiq REFIVific 6P e
sequence but §i:'é§dncbadmaSlamgleaénJuQHC‘tvd:.ﬁ&ﬂr} between &ihd ESHELACINRGOLDIE toxic
characteristics as uence present e These mnut ei ns
are also call ea’“’?"ﬁlﬁct?e(?na vé:rf%llntcgmrﬂ ﬁmgffhe °°§8ﬁnﬁﬁagﬁgn Emh o?;l'%’ucl eoti des
of the invent Peesepgects ithaldetectrichugime at whithesells ggewihc esn sbsbsqeani?r Il y

‘identical (detgriddagde %rdﬁé%bé)%‘i a selecaﬁhqw)rkw (int h&n0sRa cS&AUEREES Of
the invention and that encode proteins that retain the functional

activityPof tFESHHERIHS prefepably functipy sHEFisientiyysell AUEMOMEURIY - oFuFPhe
CAH gene di sclepaednherahimbdrdcabiispelli.e. 4 QEQ&d&GiﬁJﬂQSmdéa&baﬁt transformed
polynucleotlde whi ve_subst ant entlt t he
sequences di s¢t osegg xsefssfgmmc{ \/\)I\%{.| h "8RS °mFotcee|1%1ss are n BRIE t&% E:’F}I have
cyanani de degmaighiRerirg icyprgformed cells and th%?%ﬁocerﬁ%ge‘f%)fst?%%ehce

identity" for spebuassat Eﬁ@%oﬁxﬂﬂamm of PRy BERY Lol §oxdeh@raman@4i BYxic
conparing two OF'[I mal |y ali ences over a CO??&I’I ) w ndow,

u
wher ei n Phe p&FPPTTEF heY Aadad ﬁHF%ﬁYCF‘g’oFP'EFéf BPe 561 SPE5ET Y "B dence in

t he conpari somystedow may conprise additions or deletions (i.e. gaps)

as conpar ed tg‘eﬁp%nven ion' Sﬁo%e&%‘i‘: §F qi.léengseﬁa.gwltg g.%?é %%sf’oqmessgn

addi tions or sequences.
The percent agdapis 2 the‘éaF%’tﬂra{‘%‘ﬁ tbycﬂémqﬂ- ning the nunber of positions

at which the an addldldﬁll a8Pdntayé Qi Ghaﬁ:Cl:ﬁie ResunrRe ¥ BénvAEEEL HAGI Gbt6a
occurs iy, both c;gné;es to .yield the.nunber .of match 05|t|ons
is conv [

di vi di ng°t he nUAERr WV AHORE R P ThnY 1 18 FOr af P dner™ &F
posi tions in tisedvipndbey rdnt as sousenphimismgeandhis | isi ph yaddgtidnelresul t by

100 to yield thePEinepdAd8:i By to O.|.fnc§§aqgeﬁ§e“\bgﬁ%‘ ewddd L&RIrafdd ghaENt
of sequences for conparison conducted by conputeri zed

i mpl enent at i oS8 EIROVIPTER YbH Fh?ré’“lzure medig gpntagpprneaTepd niEREPA and
TFAST in the Wwaodsiea (eratiMiFashige andS8kédsAmeaiRaCkea]@abXecnedridcs) Cafiput er

G oup (qp)’ 5 5es§Ca|reenEeft out or their concentration is decreased the transformed
plants containing the CAH gene will convert the cyanamide present in
the medium as selection agent into urea and further into ammonia which
can be used as nitrogen source. The non-transformed plants are unable

to do so, thus in addition to the herbicidal effect of cyanamide they



Madi son, W, or BlastN and Bl ast X avail able fromthe National Center 35

for Biote sRigdas! nformation), or by inspection. The term

"subst ant :3\2]6@1 dentity or "substantial simlarity" e ER 4R

pol ypepti de conprises a sequence that is able t.o hybri di ze with the

target pol ypeptlldelsmaeffst frsagantonpeniitiveoassadidage in the area of

5 s eRgent conditions a solution of 2 * SSC and a

terrperature o? 65ferr i s neant. Pol ypepti des which are
"substantially simlar"” share sequences “as noted above except that

resi due posi ti'lﬁﬁl%umdﬂidars%qﬂﬁicei d&ﬁtnigceér 5,zm 1sn§yef¢'k£$1@r thY segi&aRVad i ve

am no aclLd ch ive_am no agci stitutiogons refer to
Ere T e o8 Ohaneasten o7 BRCHRR! t alie AOrane of thig; fadpares P T arind erast
examl e, a gr gﬂrbe@hgmrnooﬁaahelsmdvamm Muteinglairphatcleotsiddesaivaners which
gl ycCl ne, al anhﬂ?er Yﬂldhggr Au%QQJ:ﬂ%e ence buhsﬁlifyq{agg:sﬁigéplfgn% ioftq] NO

aci ds having aliphatic-hy droxg alns i s serine an reoni ne:
a group of anPRd iZEreRloRasAln ghag# cﬂé‘-"-sucs ascBift APERITGS REPSeRYRS MR i s

a?]par agi ne ﬁndgmmam Mhesd nPEOLHE Bfe a%ﬂb@Q:alled fuﬁ&dl%ﬁafla)é!r{%tar ofpti ¢ side
chains i,5 phe ani rosipe, .an r an ou am no

aci ds hal\a/l ng Sgé’ﬁ"mgf 3’2‘ ﬁgliyﬁgcfes"uges of| the h‘é"‘%‘g 'Elsﬁgcfﬁag{ﬁ ?1“%1%?8 and
a group of arrtmseasadlsemavlswgmi@tlalmh.ﬁenmcahtmenemgnsﬁdse @é¢rzirmbed s '

cysteine and ERifHOMAE the gene sequencessupséh@niﬁ\%htlgﬁgka tohaPfencoge
pol ynucl eoti de sequences neans t hat pol ynucl eoti de conprises a

sequence t hat PRASFE Fhakstetrdy, ?@qé%‘fﬁf‘ém"‘l activiEK 9% Fhe Rrereiapey e | east
80% nore pre‘ﬁﬁvammnatfrhheash DR casél of the cARSJenprd&ifselodddyhade,| €186 tab880

Anot her j.ndi catjon t nucl.eot i guences_ar ubst ant i |
i dent i cal5 is it TWo. & o1 6C U rels?né e°§ ‘fccléaf’]:lfe Seq“enﬁesbr'"l?‘a?hzeaf’% Séla?% nthlﬁer

under stri ngemiem| vitgnthe Stemergeﬁtdlsclosedclmth an@)rmleh ensedpuenekeins

dependent andyhidd sQ?lﬂ'hfafrgrc%%arhﬁed&égfrg&ﬁ'@ act:.v:.tyC' rcunst ances.
Ceneral ly, stringent conditions are sel ected be about 10C | ower

than the thernmal mePEFFRFEPLT Af fﬁ‘%‘r‘f”?%r‘dﬁ’h’@%’pe“c‘irf pelysyclectidss Bfite at a
defined ioni c pelymgtidesnnid @dderdiradlby icompdrdng etWjpeoptiialy aligned( under

def i ned ﬂ oni ¢ %&u&f&gh \Ferxld ij}'nﬁQ);dls O\ﬁ'h\dé% Qx%xélbxetltﬁéa%ggéloa of theSEJUENCE

hybridizes to a perfect‘wé whi ch
is a functi onPotyBnigots P’ér?gll?ip%’r‘ieldﬁ [feavRnse Efoeresqcﬂ“Pwsé‘fl Wigow may

probe, can be c@ﬂbﬁiﬂea&&iicliﬂélgrléﬁl‘&ﬂ&{é QR. d.NgHTDES Yompdredeto @he, 30

(1989) Mol ecul ar. Cl onin bo Manual seco editio
Vol urme 1-3¢  CORGSHRR EFaPEs, "l RAFD ST REIPHL PGSy 5P ey one)
stringent contﬁOtlmism&bralagﬁ&mtheﬁ nhel tolo pegicoced. The peveenvashiisg at

65[err] Gswith cqlzufst§§%y Egéez%ﬁiﬁ %ﬁ? 5%&9;%@;%&%&%& RE QRS Sn t\ﬂash' ng

conditions are typicall out rr]Cin 6
present | nventﬁdﬁﬂt’gﬁaév?wl‘é AR s oML Re Gaéh Fesifiec Recurs in b&E‘Frprl ses

an open readi n@qhénde €apable b RRGEHI JFImaedy Q&Seﬂcmomvan@amg the Sysaam de
hydr at ase act :j\fllA tch Thgsft(ir m §1¥| I"%I’I C seque gce sh%l . che wilGan c>tfo
conpri se any SequBRTE ARt B pPFRed 2L RIBATSES
6 comparison and multiplying the result by 100 to yield the percentage
30 . of sequence identity. Optimal alignment of sequences for comparison
may be conducted by computerized implementations of known algorithms
(e.g., GAP, BESTFIT, FASTA and TFAST in the Wisconsin Genetics
© Software Package, Genetics Computer Group (GCG), S75 Science Dr.,
Madison, WI, or BlastN and BlastX available from the National Center
35 for Biotechnology Information), or by inspection.
The term “substantial identity” or “substantial similarity”
means that a polypeptide comprises a sequence that is able to

hybridize with the target polypeptide under stringent conditions. With



naturally found in nature. For instance, chineric DNA shall nmean to
conprise DNA conprising the said open reading frane in a non-natural

| ocati on JYOPHE8RP ant genone, even if said plant genone wouPETHRPSsIEASTY
contain a copy of the said open readi ng frarre inits natural 5
chronosomal | gcatio arly, e.sai pe frame o

i ncor por at ed %n"f“ﬁ Q"pf:gm té%?]sorres" RE-T P ? gsﬁoat"gn?it ﬁmﬁﬂag"“f%tﬂfrdss
in a repliconisoreantot or where it is not naturally found, such as a

bacterial plasmd myﬁeyezrdag wHieh Hre LlvdRidGabDlYAsShAlk» NarDesdq Bidead
to DNA nol ecul es whij are replicable in a host, but shall al so nean 10

to conprise DNAPRESABPEVSEXEERTGRRY FaFidre) PRSI tionseBriFonte mOF 1958Eikade
by virtuge of mspeaiffex aﬂamueérmqwmesq aphg/&haﬂdelsy ¢dnB kfehth Oe tdieno prid
reading frarme \?:%Eoéug:logstoeftep Ve”t chan%%bQP%g VP%%LQ&eU@”‘in

In tory

or may not be’ 0 its na ura *Upstrea ownstream regu
el enents. 15 similar sidghehadpen Floea@ﬁangl%r angroynyohamher poids havimga genoni c

library. In anphaciéﬂlssaéasha%s 12 FEY1EON BAIn@N&/a@End Dl 8ud iRk 4R
separating the exons up the open reading frame that _.encodes a

protein accor bﬁ‘ﬂ‘ﬁ“f’d“e 2 gr°“Ph%f Fﬁ*fé’n?f"b‘?‘l” hFHRYI R RSP oY B YRay al so
be encoded byciwies is serinmand ethrepdiisg: eX@rourobf byniao Giohids thavide anRiA

encodi ng a prgf%]rﬁlagn:?r% side acSSPxEsdilggTJpQraJﬂS AAEVS daffhe: R V\% ﬁar?é Qg {J ames

accordlng to nventi on SO conpri se ose I n one Or nore
i ntrons have peils having amﬂlanfr‘ cﬁlﬁ#lghapmee@heawl%iede@ Eexdsine. @#hése

variants is eHﬂFp’%@Bﬁhrpya group of RAiAY GSEAY nhPiHgNbd<3B. side chainBrff erably the
open readi ng Lra,ma i s derive fromthe soi | fungus 25, r ot heci um

verrucaria (asYYEEcPTHRIRT A Rt ¢ng: ndpd 2 gqqub Rt gpino acids hagng.  Nat | .
Acad. Sdb. USAuBByr-4@8@i4264 sidO%hbins is cysteine and methioeister t o be capabl e

of being expr essedsh&t‘%np;_)ﬁ‘t 18§xjxéltknof’ipol ugbeo%éfe ?Sentcgg n@égg%%@d

pr otein can confer resistance to ction agent a
chimeri c DNA Beb@wRalerRfide amerisprent§asmendd Fhat has at|kepsk| X/O*Oée‘p-?e@??ded in

an expressi onig§aSel! orakb 190 aboyy g6t emseé %referably araabéaslagaoai ah® be

recogni zed by the bioch cal _nmachi of t ow ng for
the open readlR%F Pfﬁﬁ%’aﬁg}’baet tl?%ﬁfsgg éﬂm’l’fﬁa mdlcatwf’r%ﬁ%l %‘fc 8°T”ﬁJ %t he host.
It will 20sual byaeogps ise sulistansialiptidentidcal3ts if twonmdlezblem spegifdnalilyi ch
may be sui tabk&bﬂ%r:.kg% Léa{“oilﬂ Qﬁ&gr Q@Pﬁ'@eﬁ‘t cond:.tloan Sp_?ir@gng)(pr essed in

the host cell of choice, as wel %( as a translational 1 nitiation
region for ri GERGIFEORSAFGNFITUEACH fgpendent anda‘f‘t’éc’l’m@hffezleﬁ‘:eﬁké%%ﬁ%t pl ant
cells, an EXpEEMBaWS%%rHSIﬁ| lsyra.ngent condiRPHd S5 dellecidd td @2 a

transcriptional ter tion ion Loca
7 ol EIPPER SR O HRGRRE MPAR B A BT e apecisie
transcr |%§t i onseguence at taedﬂﬁmtielqmd mhystd!em}d aHi ctipeofm tllsetlp?r Cempeyature

transcript to (QR&dH qefihed ionicAllidlidnhON 1anhkk§-l)c9g%1&§@g@ JRYndeagganted to
accept ed codon usage of t he host of choice. The principles governlng

t he expressi oﬁeﬁ‘fe“éeShybndb?ﬁsrréPlacpﬁﬁ?%bﬁé"t&?‘ﬁ&d PFPRS - CHSs B Ffo’tH¥PEFE are
comonl y undemsic@ods a funcbior beathf eiar demhyarmktﬂxé bhge defpayitiand £t tie

FONSLIUOLLON Ghome, can MPLETSIILEY P L BN SO0F Sl o510 4111 e

30 (1989) Molecular Cloning - A Laboratory Manual (second ed:.t:.on) '
Volume 1-3, Cold Spring Harbor Laboratory, Cold Spring. Typically,
stringent conditions for a Southern blot protocol involve washing at
65°C with 0.2 X SSC. For preferred oligonucleotide probes, washing
conditions are typically about 42°C in 6X SSC.
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The present invention provides a chimeric DNA sequence which

comprises an open reading frame capable of encoding a protein having

cyanamide hydratase activity. The term chimeric DNA sequence shall

mean to comprise any DNA. sequence which comprises DNA sequences not

6



In order for the open reading frame to be maintained in a host 10 cel |
it will uguabdysoRs provided in the formof a replicon corrprlpa_-lryﬂ,gs,ozgn said
open reading franme according to the invention linked to DNA which is
recogni zed and replicated by the chosen host cell, Accordingly the
sel ection of nafaradby ifoBRd iiB BRIUSEniBeECiNSARRRA y CHiPaTHE MBsFb aéé peagy to
choi ce. Such p&dgigisel ma a&np@wﬁ{wthb&aseld@ahlﬁadmg Sﬂtaﬁahhea rpkhannsl 15

for a particul ar chose are wel | vvithl r
skilled persoh®FarPRe é;I';Fe plLant ‘gerione, Yo eC| a ls%é"n%%r olugéflu :}g‘g%l

capabl e of traosfadnragppy of the tsse&fopeorre@dpw tExpie rigotits memamét her host

cell, Sugh as cﬁr&xlo@gﬁafqu:auon Slﬂﬁf@l@bytrﬁOSA{@-G?&?rrreh@ﬂ\gt h?an@pﬁtﬁr keadi ng
frarre according to t I nvention to sai

ant cell. Replicons with
such_capabi | i ipcegmerated in ther plapt, é?’t?ﬁ“?e’d‘efﬁ"hs“vb%t"Gan“Rﬁa’e’%aﬁﬁ’& of*
such vector ignaa T:leplxcon or vek8siutleyeqtois Wbt Gatudiay psemenduchnas a
sui tabl e host, suc Agr.qbact er i um tunefaci.ens.. | I
transferring BaFte% d‘F&I Riesrid or 2Iviad] veCl:%r cgﬁjrmeélpT 1:rﬁqlea‘gfﬂ?)glnl,ﬁ §§@ng én(r%fted
cell. Differenb vypeslefulds-viligsmg 2éplicaliecinras hpgt dbut Ehapl plgo 7EanB])

are now jout i ngl ¥ont3?199 dilﬁega;;agle of beirlg' mfteé 1%an§rﬂe§lﬂ% Sﬁﬁuﬁfﬂﬁﬁ%cé nt o
pl ant ceI |'s, or protoplasts, from new | ant s generat ed
MR e

whi ch stably iBcBiffdteap® spaFific adaptog fﬁeﬁ’é?‘?"éle‘EQYF calti ++ he gpen
particul arly plegfigid edafonbra@fdifig-to the inv@itdsni dheeatanr seatiagt fremggraval | ed

binary vect ors ag. ¢l mEd 10 LER00 A0 curk? QB Lol okl e LB ory

Qt her sui tabl & vga’fors W G to 1 ntroduce DNA accordi ng

to the inventi<ememtso a pl ant host may be selected fromthe viral
vectors, £. 9. non-iflegpat 'r\éQdJQJgaf‘fame may be Vddr@lred/ @CbR =S gertdni b ﬁ.‘brdﬁil wabl e
fromt he doubl e stranded, pl ant Vi ruses

stranded virusdds Rifeni it PRy eetatfy 038 or moxg, “T”igﬁ?é s‘l\ﬁék?%a’ffé’@ Blfe %ﬁ
vectors may bmﬁugrﬁ@gn@@enp&rﬁiwlm&hq that encoddseA protiedn cicEdidinbttd o
stably transf OI‘ mthe xR';QHt O ensyeagn@yfrgge may algo Qg eglg§c?em Qn\éDOdy
speci es, espects MYV Er88%" and VAoh e e expressi on "host
cel | s i ncor poratintgreurshf mxcne qH\IhYsﬁqu%Ge the mRNA SBEHHAT Y BEEtYRe

i nventiogyin t;@!orrdgﬁ%]qgetheg bﬁwlréntmno &n GREPHIGS Erames accord:.ng to the
8 cel as wel] as multicellular or anl SrTE ng%l s&)ngn such

cells, or invengien j@4FP ;F°E‘Bﬁ’sﬁesﬂ“?f§ Ht Yeach o8I 95! °ﬁ\?\|1
i ncor por at e sahftificiallghtémived dNAdded OEddheot tgesmmrtmseby emararﬁeél PN ng

the chinmeric Db%! erably transmitting a copy of such chineric
DNA t o progeny presedl ?’we"%%&ltt through mtosis or neiosis. Such host

cel I's can be ~Preferppbk&hyowien ®radany Swans dehderived direr e ot Sywys
eukaryot hg or gﬁpfogﬂmc.twn verStali A a¥ eRstriasth (ﬁaiéﬁ-Gfréﬂ{BzeUkaf yeted.in

tissue culture Sucgﬁg'éd‘kf%d Sggl IUSBa%qt UL &S, 9564[)' il%ge% or animals |ike

mammal s can bePE¥i I'ncof pdrate the chimeric DNA
According to a preferred 10 enbodi rrent of the invention plants are
provided, which essgftladlyeo pe cap%gfl]élo%tb gColras 90y ¢h 4 ELQQE RQLati, ane or
nore copi es of said chinmeric into thelr genone, and which, are

capabl e of traMai ghaitnghen eEpiRFsed Pr°tem Eﬁ‘bl‘-‘@&f‘irorfﬁ’e‘-i‘ranﬁ"r 5GetRP B%% er abl y
in a Mendgl i an sbasdtiQn. adRhtVid Heémeric DNAOhcddR@idd &BSeEHd phvemlandull

transl ation of the chj according to 15 Lhe t Lokt Bose

cel I's that prodfeati¥hse @fﬁvﬁ B ERITR Rt Sy cassette wuhg%lggr[}c% t 0 nee
cyanani de. Al t koaghirghét proi helrplcegmwhﬁdiy gos dvipchemical maghinery R She FPSBHNA

in plant cells gge, 1A} WY SeidNdsLs oRfing! B.%me to be%z@ﬁ&&:ﬂﬂ)eefarﬁhl meric
DNA capabl e of being expressed in tissue whi

sel ection by cy&aastared %‘héheéé"séal4%!41113@%‘6&11%'{)‘1“?5@%‘?1& F’&A“fﬁnptm?l ssues
or neristgnati Gnlikssdion, recgrmﬁaﬁlﬁt:htwyl ye sﬁXf.H‘tﬂssdla'rlived Srnovany gene capailene.
Transcription | %I ation r 1 a8XPpression of

| e f
the transf or med p8FYHLETRE etsgl o0l | foicg’ as wel

e |n a const| utlve way are
translatxonal initiation region for ribosome recognition and

attachment. In eukaryotic plant cells, an expression cassette usually

comprises in addition a transcriptional termination region located

7



pronoters obtainable fromthe cauliflower nosaic virus, notably the
35S RNA and 19S RNA transcript pronpters and the so-called T-DNA 25
pronot er s V6P M@#8bact eri um tunefaci ens. In particul ar to bePCEMmEPISIOED
are the nopaline synthase pronoter, octopine synthase pronoter (as

di scl osed i N doRnfkrkis J@laf’al)agemewﬁ.mmpl £‘ﬁo§¥£§t RASEREHWLCE, | N

addition plant pronoters nm e used be substantially
constitutive, c%ﬂﬂ?t&saﬂ%ywaé@n%?@t‘?ﬂ“ g’én’éhepPﬁmrtra?ﬁ‘ér‘tﬁ'roF%é’cﬁ‘Fr t @ 30
pronoter is reidiesagnthealkeodal hiage]hay tbenadiptbé wl eateptbdiicodan sshgaltoifve

hi gh-1evel pronofers sh X Lon. in tissue hi gh khe

sel ection taktg’s b ac8§ %t%L'ge ng % R %rﬁl'(%vw?wﬁa?maupﬁ caé}l on of ° %ertal n
el enentsS so- @atneext éhhggqemctrmyacmpdémbl geld ndieen cemdndy evnderstriog n
llevel of the JNEnsIGE drda3nd:SOLRELI Yh dSel e LASIABCSNsEARon & a1, 35
(1987), Science 236, . 1299-1302: the duplication of the sequence

bet ween - 343 SRIIHFLEFCHERETICARNA P90 HUSHD tisr PP TPBENES £ 8% FOF i 95

of that pronoidt)celln dejttpmkafxaoﬂ;beoﬁi&mﬁm er, singly or doubly
enhanced, exanpl es;of t.he b

ri bul ose bi sphospha’% erg%?ggf(fﬁ exp rT‘LI') b%r?lre“? t(ar Be é&taﬁggﬁot e%erg’r?a

9 10 cell iy iwiltisyrbphe|provibdes m!ltﬁ’g Boxat of 2 EERY)COPreMFEILNIAl sO

envi saged Iby said opéxheemle@emamuw&a&ag@ ectEQ:hQYQ{\ﬂthﬁnommsTo WﬂAG&huch A
conpri se el engn of eren ono i ons ysi ca ed
wel I known exh‘ﬁﬁle‘éwmzed i"ﬁe’??&?c?rsedt%é FRAELNIT mfﬁﬁS’é‘%X‘ﬁg E‘ i ne
synthase pronstlect{diSob the rédtieod i5, délﬁe,ri’\iﬁ;q ladyelh mone ives @lénet s of
the rrannopl ”ecﬁéé%has%‘éh pr:.nc:.;ﬁr ?@é %véfnﬂ Kﬁg steQeéJl nmumlﬂgg%llcons
Specifically wth nonocot transformation e use of introns between
pr onot er'sand S acramiievinar Rersegebretentmivetl Wkpine s8¢ gigalm of therpEdingrk
"pronoter” thypinelassssbo ia ﬂ@hga of DNA upstream from t he 10
structural gene and involved in _re ni ti,on an ' ner ase
and other protei ns®t& AT TR %Fr ’é?\‘glgf?'btﬁso?f‘e ﬂapaﬁan‘?g F%nrﬁ) ’X‘ %s a
prormt er capabtseldi omitpati Hgpreclnsor axmuhen Host pdedlt speh|zs aAplant cell,
consti tuti Ve RLAIDL & trki R LQTRAE '&9?1@ B64ul) EcdlEHg TBStne

envi ronnental _conditions and states of devel opnent or.ce
di ffererfi at i dpvention topsaighpiantyfelle B?Ri‘ﬁ'ﬁ?%*r WiEh SHeR é-'taaﬁll”eh%rartehl s

I nvention becauffin referréd®!taCid actsds.t A RsbfyIensE &uBEWeonﬂﬁéE‘aaﬁ. various
stages and Wt us, tissues. Thus a cons e ter does
not |inmit theptl.'a‘e’md e ectwﬁ%ﬁh‘poss?tf’ref? Bdl HEFutE Ii:’htﬁ%"’(?\eé 0 grr:;)approprl ate
constitutive peorhgceerium tisiefaciapgecis Fapaylle of transfapUinpaprrd eHritepk -use
of other pr Omaﬁérs% h&l%ﬁ%%&?oﬁ r et of ot 'cQ:[‘l D:.fferexw: Q 85 of| i dpIadiawn

t hat duplication of rom) ers I s influential e expression of

the genés und&RSEFSt F HideofER §i HEr dfdtlerare S?"hé'@“'f’t“ely bemgl”?e?ht@ goal of
t he expressi omraisfarsmlmafiwnnmdqeénaal _ynﬁoopm«-_usedsz&r proa‘o@maml efntomon

i nterest one shout d ke ep I A net u5|n esa F ONDI &

t he sel ect abl ehmrk-ermij*ene whedr tmw@}erwarrtm@aebt peaﬁereaﬁs@rm of Ti-

probl ens. plasm:.d vecn%ss r.ﬁgamb sbh&118gasshty vebedtst 4RI a{ndAl mrxab 0
termnat%r re eneral ly believ t hat suchare

i S
enhances®t he 8‘58 5&5’ F}taﬁ‘d 8s 'S 9‘9%(38 3Rk IOXQ FHECAR ¢ VaCERLS) BT Y cr| ption
in plant cel | sisefs® tiherogofe DNA accok@irighes aherimvethtipmgintopraflankdwsin t he

cont ext of th?t\apr@es%.giected frorni E‘tyeem’.j:ﬂnvectors, e.g. non-integrative plant

viral vectors, such as derivable from the double stranded plant

for

viruses (e.g. CaMV) and single stranded viruses, gemini viruses and
35 the like. The use of such vectors may be advantageous, particularly
when it is difficult to stably transform the plant host. Such may be
the case with woody spécies, especially trees and vines..
The expression “host cells incorporating a chimeric DNA sequence

according to the invention in their genome” shall mean to comprise



35 As regards the applicability of the invention in different
pl ant wo 98R8g2zes, it has to be mentioned that one partic é@gﬁ% I ment

of the invention is nerely illustrated with transgenic

potato, rice and Arabi dopsis plants as an exanple, the actual

appl i cabilitycdidsngas well asj pultdcelhdar| onyrbibohst gomplrestnqobam cgpiCi es.

10 : essentially con%gwg@ Wc&flst %x%ﬁ%b[@mn%ogorggg slaﬂé{e”t i on
may not be practicabl e at, present, g because sone pl ant sgem es
are as yet °h"‘“e‘r’é‘é£“’él senkheis gennme; Ehecrle Y SRS PR BR thﬁh%‘“ﬂ‘?’é{'f’c Bhng of
the 5 | Nvend ppafedabiyvicdrapmitiispecicesy o sEhethimarimiDNBrtObréigep and
not a B! B (R LiduBh S (BEES YR 81 ARNAP Cb L Yoch 9 ABREM ©
transfornatlon such s of no relevance t he un

enbodi ment ofpxmryotlc ofgardam$ gwch as bactefanHubr 3] @#FaG‘YO'pﬂcam'%ﬂmﬁlss

meant to be apyeH"BEhAthskD AMabCOINALIGh dikaryotdl BRMIGEHe bl Bur, P as SUCh
a transformation process shoul d not necessarily contain a

regeneration ST GPLEYRES RE PAPRLT & putirale 1ike mammals can he,eRvisAged §A of
pl ant speci esstablyothdarpbiraie thé dimerter DS KEcord:Lng touatmrefefred ant

speci esypl Nl udlng oot et b, DhoQINLEdNGRe A8 MEMAGS wmicn obllesanny |

Monocot yl edoneae pl'e any trans ormaty
to introduce ephIksti ef wlac@emwgomrphe qnnv@mnpm dopies af said chigerim| e

ancestor cell DNA/QtnIEQd&ﬁBYgeﬂéhE?-Mn\S e cheh R bashiie 05 tthﬁ}nsm:.ttlng a copy or
calmurﬂpolyethjeneq: G nmet hod for rprotolastséﬂel et

R A Ll S P A i S i AT TR e O
Bi ol . 8, 363-8¥3jhe eravicripoioat amh tobnflaci@pldstie (iHnelric tDNAR:ddoréing? o
al., 19 Bio ig 9- d 0,

i er i al (O oS eay s S s hra bR B R sd) “arplyOlingnses
(DNA or RNA- cé’afbiﬁanﬁar‘ﬂ 6?@‘%%arﬂdﬁhqﬂgho¥hevaﬁ%§1$ﬁ Rt chEPEal

(Klein T.M ) eterahscripOfbh oblainal e:/»& ?pazgt ) 1s ifrbegdd fEIlwaWst mdéiggbod thze
integrative) viruses, in.planta Agrobacteriym.tunefaci ens i ate .
gene transfer SBS2TP P % cg%“%rrf‘ oP™ Icgﬁ%:]‘ th AR EPRERSE "'g?l?%‘%eu‘f’ feR is

pol I en or m crsebpsrteso (ROt B bR Ivpnamiciet hwichi ke callys. efexd. cehbyrpdrygtic
according to Tt[%@ﬂ&%?hﬁé%@&&@é&&%ﬁ%ﬁ% 0@?%&%&&%@'&%&5% is now

transfer. Especia gre erred 1s the use of e so-called binary
vect or technolr8§§”€s FREeHiRtd opnippiatioporegigns reubinslypin d5¢ 95
4,940, 838). expressiofAbdO thé aﬂﬁﬁsfdﬁﬂea(bblyﬁucpfeef:ﬁ’eabh)a donsxieasiavet wal laye as

descri bed by (Va oekel . J.S.C . et Hlant
Cell Rep. 12, pr°m°ter¥ %L‘%Qg%% %150'? e‘f‘%‘o rangf%’?ﬁa leglnc |vslmsre er z?blyy (fone
essentially a$5s RNA aﬂ@ée?ér?%d:rbys%ek@mmeqeral and( Fb%ksenaallAd TeNral . 7,

273-278 2989) promoters of Agroba%ttegmtluﬁ%hgzg eﬁln ?@?@Mﬁkr QY Be hRAA] drelir ant
t owards genetic transfornpati on, nonocotyl edonous plants are anenabl e

to transfor mat¥FEnthe noPaling synihase PTOPOLEy SRECPHISAYACH2SR RFE™P et at ed
from transfor iddclosed in @¥ bsiay 7eniBlyOsnd @he atahﬁcrplp.laasmtnﬁeeprmoner In

Present|y, PrABEERD prane prORII08%Ohe (28 |RLIRLLY b b RARERNS, 2" ©
constitutive, such as the rice actin gene promoter. The choice of the

30 promoter is not essential, although it must be clear that constitutive
high-level promoters should show expression in tissue on which the
selection takes place. It is further known that duplication of certain
elements, so-called enhancers, may considerably enhance the expression
level of the DNA under its regime (vide for instance: Kay R. et al.

35 (1987), Science 236, 1299-1302: the duplication of the sequence
between -343 and -90 of the CaMV 35S promoter increases the activity
of that promoter). In addition to the 35S promoter, singly or doubly
enhanced, examples of high-level promoters are the light-inducible

ribulose bisphosphate carboxylase small subunit (rbcSSU) promoter and



of enbryos, explants or suspension cells, and direct DNA uptake or
(tissue) electroparation (Shimnoto, et al., Nature 338, 274-276,
1989). Tr aWQ éf‘ff’@smal ze plants have been obtai ned by i ntrod®ROTAEPIBI02979
Streptonyces hygroscopi cus bar-gene, which encodes phosphinothricin 5

acet yl transf egias en{ SROpRPZY WPb Wihéind B@&ééﬂ’xai&%) LARmBESD! &1 envisaged by
phosphinothricin), into enbryogenic cells of a maize suspension

culture by ni EROBFBFEE LFELEoMm AT 8HYRFLG BEPERAST Ra i cIPICaRPr ieg| ¢lemonts of
603- 618, 19903iffdhent ppbmoties Fapiendbpsicadindaiakedl Arwahlekdnvogaimple

suspensi on cuLﬁge%ﬁbys EEL et Lme*a@;wm&se&%{.asﬁukervm&?s%opmmcer (us

establi shnent o i/ogenl C suspension c
Bi o/ Techfiol . BatempoS 98,7 9990~yh1¢h@v@6mﬁma%¢mtwqfhtw SARTePina tdyphhase

systens for tbg&@tgfonslkg@a;lalg&bgm ARAdGat i on of the present
I nvertion to no Monocot yl edonous glants I ncl udi n

Q
comercially F?r‘b‘d‘%t”é?ﬁlchb%’sm‘i@c“ SEBALUTAF We FRH 158 o 1ATReNE | RSV nabl e
to DNA transf pronpper and sdigicolislct naiker Sérneabmimntes capids94 00977; EP 0 159

418 Bl; Goul dTrle termn prMngtt@:el 4@8 t%t}gga%pTQeggLﬁac& glg;l uggttxeeraﬁo%oﬁ" t:l%Ti th -

RH, Pl ant Physi ol . tarn
transgerPc pl BRFUCtuERhIgERS @F‘demég%ﬂ A8 ‘FﬁS‘Pémtq’raﬁ #ebingiing RV pRAMPErfEne,

a nunber of ahherdtabi RSt 8y ainkalite l:fEiJsUﬁ'id%ﬁloﬁhQ splant pzfoabmw ng a
A. The use of DNA nar

modi fi ed gene8 BIRFSF c%*?l%DEIAFé’&“?Bm& 33 %ﬁﬁﬂ""s"é?‘é@f’aﬁ#a@tnﬁ%& Ibene
The advant age génStthn:stmt bghokert Hata tplremarler nidriich e netsivar mq:ehymstal ly 25

coupl ed and t@ﬁ&@&%&é&%@&ﬁte&ns ﬁ?“ 4 QL S MEPARLL BlbueREYS- ¢

invention is esEeC|aIIy useful 1n S respect, since It ena Ies for a
second sl ect AbFEerPRFIAT%Rhi ch can be introduced next to an al ready

exi sting sel emt adtlse i pRdiker pragebér Qk ﬂ»ﬁf@fﬁﬂb Mhmhhﬁhummcwse
sel ection for transf rmant s .can be“p ormaa I rrespective o
ay be e|§t

0
nature of the Fl <o fécfﬁﬁﬂé O E ™ ¥gess s&fa??%gf‘% “ﬁt f

transgeni c pl amraotsachssanleseamyscaapabétatotwe promoteemaemnglmmtrw nor e

chimeric genege; 8l grg&lsgbﬁqlé@g dto a sel ectabl e marker gene, wth
pollen froma transgenic plant i ch contains one or nore chinmeric

genes colipl ed DB SE Y aBRTREL AL EoBTFitutiyg Reqmotey By W ot PRE" siedt
whi ch i s obt aiirgérdayck ek €lOISE NHE, ﬂmé,tbﬁromoters inedmRCEagk Gradsiorfasos Of

the presence %froct: ses.t¥\9 isseLgoCt aPrh l:.caé:. of promcg:ersn t?r?flt&g{stS O the
presence of tHhe Chinerrc genes e vea: Ian arned’from

the sel ect ed $dedexnramsicnt ef \Amadmedse weled cfocm:rol of salﬁmnckneten;r o8biaegit | n

principle the lghtﬂ@'bbgl NEFe WkbrdiboRbea SRl on marker only to be used
12 | ocus and the genes may therefore seg re%ate as

i ndepend7e$nt | JOF . sgeghion of plﬁ‘éF% "‘lhﬁéh (iﬁﬁl%i‘ﬁ‘“f‘ba?éP%’éft CFHEIRTeT YiReet abl e
markers i s oneyeaé dihénterest caﬁvalﬁmﬂgersee@f id enprevaenisinhg et s20ie. promoter C.

The use of a %gb&{e %ngctgkyé )tcé/r S‘fan& gln hecgene oﬂk@gyesgsf_'an cg\lse
problemns.
As regards the necessity of a transcriptional terminator region,
30 it is generally believed that such a region enhances the reliability
as well as the efficiency of transcription in piant cells. Use thereof
is therefore strongly preferred in the context of the present

invention.

35 As regards the applicability of the invention in different plant
species, it has to be mentioned that one particular embodiment of the
invention is merely illustrated with transgenic tomato, potato, rice
and Arabidopsis plants as an example, the actual applicability being

in fact not limited to these plant species.
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5 pl asm ds, each having one or nore chineric genes and a sel ectable

mar ker . Ifwbt;,gmgdzgquency of co-transformation is high, then

on the basis of only one nmarker is sufficient. In other casegébﬁﬁ%a’mwg

sel ection on the basis of nore than one marker is preferred.

Consecutive transformation of transgenic pl ants al ready contai ni ng 10 a
first, second, (etg gEI] | RN lonal ly
conprising a sel ectg Te nangiﬂe °g§%§ %"&Q&WS gﬁ% ’)t;h on ma’éﬁmrgrg?l c
genes are in prafdicpbte @6t P’?ﬁ*Featsmgl- ebeicausss somel DLARE SRETASS ore as yegjenes

may thereforeraegrce.gaaﬁ &s éé‘a@ep@rttstaa&fdrasémn, the pFactEeify RatuQns of the
above mentioned strate The act uaF strat e% may depend on

several Consi d@VERT8Rs §“°h pl“ﬁMé‘%éFlV’ﬁH&ﬁ% 88 ™8 A BO G & pose
of the parent alattémes principledi beciusgrthd BGenabskitynta deneert mgaﬁfagzwmonuse
to produce Nyl dody i of nBUerlclell STkl GerYiil) LASAERL Qe descr i bed
i nventi on. _ _ t’hough not™ necessary nvention, it is
known that 20 invemfrigatically all plants can be regenerated from cuI tured

cells or “TrEﬁMtlo];hgf FRaREs S Q5 KRAENS 8L i Mahbal {ONMSALBhRS < O
speci es of ants, but generally a suspensi,on of transfornmed

pr ot opl a8t s orm&mf"ced inrer ¢ Pi5pG, eg“(‘anat FFARHG TR HRE I RONEES SHSPLh ST s
first provi dechecBasxotidy contain rmyedmeracistcshddvr adisbye caftwrwdpestd.y (from
cal lus) via organo son of! S o e I

Next to the sel ect ?@éﬁ&&m%@ on, o pl%$ %%gggsﬁﬁltsu?%nrgre‘ga% Q%e% %&8%&@
contai n vari oS RAT 1§ a%:"}'t?ssl’e“es' ’d‘ﬁél“%grrbﬁésth%l?éﬁmaﬁleé%aﬁ afhgrell A

cyt oki ni ns. Ef&necm&sucor:ﬁgmaéaél QH principleVhdy t€@REBEmLIchReukBE iR bON t he
genot ype on the histo I hese three variabl es

nd
are cont ,'»53| | ed*§P8gEhePaET %h’i?ﬁnc Dﬂéu%l‘iclc’?d’!n@p?%&bﬁamv&méﬁﬁ‘ FBY24t abl e.
After stable iswiorply ancestoof céllle Method$ orageshigebly de(smlecesd ifmbm thke

transgenic pl a&%@)ﬁ%ﬁé%&&&%&@&f ﬁgubaé E&ew 1864 éﬁ? Lreed Lo

other plants b sexua crossin a nunb stan br eedi ng

t echni ques ca 1, Myfeyse g7ﬁp7(§n ‘FFé“E’d’éél e%‘ £ g HideFlags Mol

13 B101 8, 363-373), electroporation of protdplasps (shillito R.D. €toning
the fungal ge e n ratase in
2 et or ofbgous i ph ook RS RURREYT 30 MGLelds ] mibtilhectign, ingo prant

t ransf or mat i ormategiallj(€oessway A. etCohst LS WJOCBM Eerrtai A82.t RAICBE) ng
region fromthaygy QP%@Ad@oated) par@!@'ieakﬁrﬁ?ar%é}& EE YRE G $2bhe hHEGUS)

Myr ot heci um ver-rucarl a whic
(Klein T.M. et al., 1987 Nature 327, 70), infection with (non-

integrative) viruses, in planta Agrobacterium tumefaciens mediated

25 gene transfer by infilﬁration of plants or transformation of mature
pollen or microspores (EP O 301l 316) and the like. A preferred methed
according to the invention comprises Agrobacterium-mediated DNA
transfer. Especially preferred is the use of the so-called binary
vector technology as disclosed in EP A 120 516 and U.S. Patent

30 - 4,940,838).

Tomato transformation is preferably done essentially as described by
Van Roekel et al. (Van Roekel, J.S.C., et al. Plant Cell Rep. 12,
644-647). Potato transformation is preferably done essentially as
described by Hoekema et al. (Hoekema, A., et al. 1, 273-278 1989).

35 Although considered somewhat more recalcitrant towards genetic
transformation, monocotyledonous plants are amenable to transformation
and fertile transgenic plants can be regenerated from transformed
cells or embryos, or other plant material. Presently, preferred

methods for transformation of monocots are microprojectile bombardment
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operably linked to the CaWw 35S pronoter and the CaMv 355 term nator.
This chineric gene is cloned in the binary vector pBl 101 (Jefferson et 10
al . EMBO WO %/4802%)1, 1987) repl acing the [err]-gl ucuroni dasRCTmESMPITEgi ON

and t he nopal i ne synt hase terrri nat or The construct is obtained by
addi ng an Xhol S|te Jat t he 5' Sst.| Slte the 3" end of a
899 bp cDNA fifaghe agnent of° ’ﬁﬁ‘ 05|st“s'8em”°n cel}ss 2Pl sD?aJAuu 2E° ol i shed

by Mai er - G ei {Fépsea) &F-ec"(rfmnﬂ J@himaggto, g4t Fl-vAE%t"d"-’eSﬁﬂ- A276,

88: 4260- 4264)1day) PGRaHSiMc B 2R J1XRES HAYe been obta:.ned by J.ntroducxng the

5" ACCGAGCTCGAATTCGGCACGAGGT TGACATGATACCTTCCTG, 3' and B

5' GACCTCGAGAATEFERESTREER P ACRSRPECEACHTIESTEGYhECh (FRFRRAS PRGFPhinothriciy ( og

Xhol and Sst lacetyltwnpEatisecicpr esaimenwhicht DiacpRiEHE, tHeOhéridicids

bel onging to r h [t etween .t he 3 romoter 20
bel ongi ng. L0 ASRRAILLISS WGhuba dsart adabes el Lo 385000

Aci ds Res. 15Fulsgug)by m1°r°9r°JHﬁ’élhﬁhlbﬁﬁlPﬁr6‘“‘§‘%éG?@°Ph’éﬁmcI ’é‘é&‘éoc%lt RPst |,
over hangi ng egyiSeds £ 1990) . whed lpm%i Wi pdéh PO edRb YA 266 AP dgbSic

fragnment is cloned blunt_in the Smal site of pBINL9 (Bevan, M Nucl.
Aci ds Res. 125UPPERsiProfultusg by sib%%)‘-“g enbryogenis, Cégh‘z‘s'st rf&’étthﬁwoGIISG an

addi ti omal [ essgtabyisitisheniflabe epbryogepit albyension cultddesk@thsid t he 35S
pronot er and mgr.réé%otler@ 1350034, 514905 S e ibinarion wiliOLtiEbdatagient in
the Sall site o constructs contain 1n addition to

t he novel CAkPmeeeﬁq;nthme*op%enableﬁ Hdweceppldnetionadt NPFIHresettect i on

mar ker | i nked;twntén n:gp,ad,doeets synt hase pronoter and the nopaline
synthase term nator as it b., Constructs for

transformation to H’b’??(?(?BY]sedm%‘Ss plagys. tﬂ'&lgg’rﬁ? FERFESIINCETRR= I FERRS t he
expressildn cassst be mas ehdredn are also amdnable RoghNAcopsnsfecttyr (pRT101,

Topfer, R et g%obac‘}yzcil é&' 48 RRSae wo ?MOI\/%IEZ i?%as&%j) sl Caklid BY 1N

pl\/DGS?S(fl erivative o fig deposited at the
Centraal Bur thF*\FGérD Hase‘-?awas%hl"ﬂrhﬂ &Gt tRﬁtEES°nBﬁarﬁﬁ‘lthl'W§ I\%‘taﬁér IP&NEI%Plon
January 29, 1890.42angxr, 1991). 14
To obtaln transgenic plants capable of expressing more than one
20 chimeric gene, a number of alternatives are available including the
following:

A. The use of DNA, e.g a T-DNA on a blnary plasmid, with a number of
modified genes physically coupled to a second selectable marker dene.
The advantage of this method is that the chimeric genes are physically

25 coupled and therefore migrate as a single Mendelian locus. The
invention is especially useful in this respect, since it enables for a
second selectable marker which can be introduced next to an already
existing selectable marker- gene of interest combination. Thus
selection for retransformants can be performed irrespective of the

30 nature of the first selectable marker.
B. Cross-pollination of transgenic plants each already capable of
expressing'ohe or more chimeric genes, preferably coupled to a
selectable marker gene, with pollen from a transgenic plant which
contains one or more chimeric genes coupled to another selectable

35 marker. Afterwards the seed, which is obtained by this crossing, maybe
selected on the basis of the presence of the two selectable markers,
or on the basis of the presence of the chimeric genes themselves. The
plants obtained from the selected seeds can afterwards be used for

further crossing. In principle the chimeric genes are not on a single

12



no. CBS 101.90) was nade by introducing a Kpn |I restriction site in

t he pol yl ik egagebs PMOG22 bet ween the EcoR I and Sma | site.

orientation of the polylinker was al so reversed. This pl asmPy‘}?Ems/ozwg
denom nat ed pMOGL005, contains a hygromycin resistance gene between 5
the left and lerghtanf- BiAgbrrsdBrg thiergfors) sedFiegatde Askindergrdessilpei. Also

cassette CONMiel8i¢He bPGoaatc GeNEcHREL LN 18k 1ol RErdPs Qﬁ@to%rt@d
the 35S term nator was cl oned between the Hnd Il and BanH |

restriction GV8REa9eR; Y SPaBFeaWad YA nat ed pMOGL278 (fig. 5).

Bi nary vect or€-pRBEME8 50 fai gumb@)y ¢f aaplismailve iof ecluimepMOCER #®larules](e.g.
containsint S | - r c

doscri bad 1 n Raghatnics i bV B S ot ERSHELD RS Wy raGTN G tS
1990). “EIVKEMG@ e Erequenge FPTR}E‘WWEMBS (*EP}‘rrdrli@“ selectim gl .
Bi o/ Technol c&, tﬂéﬁsa%gg-,oflm oﬁ@|nﬁ'ﬂ'k€£)rltsaé@§£ﬂ:{@1td0!¥b|oeh&ﬂI&a@@@d tBeS 15
pr onot er, ea]D uence, the GUS- é;eene and_t he._nos-

t er mi nat or e&ﬁcé’fﬁ’r 825‘1}‘8 %sd‘fs% FETE IR MSGERTRET 1 ﬁ’aef‘ﬁreflragment

The pl asm d QSSOG}SUFME tvanrfanmation qigs@}nmsmiln}es*ﬁeélmatdw SR ihing
and Mscyd; theg §§¢:'| cbB&h 2Py, fdﬁST fto ﬁg%ehmmcmeh@fmhhe

codi ng region for the GUS gene an I ntron, was isolated and 20
cloned into pme%aWn'é%mrféﬁl% felssaeble mpkemsgene: A% 4 perdod B, the

resul ting pl aamndrﬁ: 38 hpe ExOBrincipl Mbtl bd af EBIRNL 0@ Sand ehétcblmeric
and cloned into

ulting in.p . pMOG617
(fig. 9) was ?ﬁf&e B %f'ere%ﬁﬁe tsﬁgg ?ﬁ/(ﬁnﬁe ?‘%F‘é‘gslfﬁ%f cassette
from pMOG22 i B ChebHjatdony pt s#*teeamvehmgﬂ!r-leeﬁ? sgoatesiepMOGL8. 25
Exanpl e2 he actual strategy may de},PQxE:t%rp se'&éiaa'isécg{sqaéfa(%@onégs

Descri bed bel ow is the nmet hod used for transfornmation of stem segnents
of Sol anum t UPRPSsERAidY. dgesrminedusily 2AgHGhBIRSER AR EifPrERI e stines
~ Nodal expl ant sdifrreemgﬁawymg resgrlaw HRlaity akagrztaﬁ Weew%&dd&et Byl¥ids)
weeks after trakgsferot J.tipla\? SpVere ?rown on g(lillcatelé)ln Medi um
(MM under a AT pert ot f’ﬁ?ﬁ?e be e fﬁff h-'Far k 35
period at 21[err] @{Eﬁtmgw:mitoweﬁedna fonrtiie fryentidnn Ilklsekibwn Gradm
segnent gg of cQ)il: b@m %mmgf@s& »feu}ec_s)&e%@gal kf-o.J thiGi-eRaR8l s S@aked
wi th Washi ng d| um and collected 1n a flask containing Washi n
|\/Ed| um For ap{sokF I’?eagﬁof%(ﬁF%?ﬁ%aF% Vﬁ”s‘hlfﬁﬁj‘“ FEEF AR G\&?pF%’pﬁsaegd

plants, but generally a suspension of transformed protoplasts or a

petri plate containing transformed explants is first provided. Shoots
may be induced directly, or indirectly (from callus) via organogenesis
25 or embryogenesis and subsequently rooted. Next to the selective
compound, the culture medié will generally contain various amino acids
and hormones, such as auxin and cytokinins. Efficient regeneration
will depend on the medium, on the genotype and on the history of the
culture. If these three variables are controlled regeneration is
30 usually reproducable and repgatable.
After stable incorporation of the transformed gene sequences into the
transgenic plants, the traits conferred by them can be transferred to
- other plants by sexual crossing. Any of a number of standard breeding

techniques can be used, depending upon the species to be crossed.
35

13



by Pre cultivation Medium (PRM. The flasks were cultured at 80 rpm at.
the sanme culture conditions as descri bed above for approximately 24 h.
Al bi narYYOR8M48¥8s used in this study contained the nptll gRAEERS/NOZITY

pl ant sel ectable marker and the nptlll as bacterial selectable marker. 5
Pl asm d pMOX410 additionally harbor edg@sr’r_ey C gus gene contai ning
an intron (Vancanneyt et aI I\/bI Gen net 220 245 250, 1990).
Pl asm d pMOGLESSRERS D AERRGAN, 94 : ananide hvdratase _{CAH
cah gene encodi ng cyanargnl sERrouls] odtize s PAEX y
har bored the cah gene. Pl asm ds were mai nt ai ned in E colr and A 10

t unef aci ens under kanamyci n sel ection. The Agrobacterium strain used
in thissst ud)i.ha:rchral:edces riff:anrtirahafomatioselt@ctdmtnar ker in a C58

chronosonal aCsK%() OGIJFIP cta_nl_g@%rf &%ﬁ g d:‘gl g region E:Qﬁ\ &?A gggna%\&&@" n EHA105

i s descri bed By 18. 15
Agr obact er i ahmé:raa'-age mmeommiimtswh fL“BMdWH%W?W é(ﬁﬁ‘mab”%"l‘ &hich is

(rifanpicin 2 e,mllg, 1%3RaNYS itle IQMvNEEd i,romUaer Qar,ar meghamubs UWe@mivitor .

diluted to err 0.1 and rowntoOD% ﬁ% ﬂrtotlh&reffantrbrotrcs
in approxi mat lﬁe‘f‘rcrrﬁen% St ST W EPR REPRTS Vﬁﬁﬁ"é RR

1600xg foor 1Ealm EMEOES. f, BOUM LeSereplacing Baet@gﬂwmﬂéﬁesmgﬁmlﬂ

i n Washi ng Medi uman aLrls_ng ;)91 h Qecq_l ;lt‘]l\ﬁgH,pn experinments. The Pre

cul tivation MEdi um wa rermve romt asks and repl aced by the

Agr obact er i urheusstseem isToReafined by afding afcEPRR &ite 6F BP Y Rife?nd 2
aft Fr whi ch té&gxeemleam_ Sth‘é/eﬂl% eh]gncsfed 899 &6 dmhhf:\A&ﬁé‘r:)ﬁﬁgfl\ﬂfﬂ (pBsithen
explants were dried on sterile nd_i.ncubat 8 n 25
pl ates cont aift’ nbl%oc?ﬁlﬁq?ﬁ?‘feoﬁ“klt’zf p’ic%?per %1 ateggxp(ﬁg?r spgfeér)
transf ety ed tNetPostcadul $divav$n8sh2hiotn2 POy P&:ﬁdusweu@&t etiveys O h.

The explants were 4AeRuldoslairtastclnctiaghcaraiicisedfeds uB6SI M

cont ai ni ng sever al concentrations anam de or ana

weeks the exp@Znt s® \FBFETCRERATRGR G"E’f?@‘”"%‘:&ﬁécmg%/ﬁﬁ anob%rree“ he
appr oxi nat el ysﬂrjaee;axdmeem dsat &9t the paxm aBbPesstbE vrélcamedR'OIUlShhm:th sites
el ongation Medi.um ont i.n m.de, or geatLohad
above. Wien slﬁec}c?f‘gg I\/p} Ch %‘l‘glﬁgue \’,,?,_8, Gt ﬂ?erg%;rggy ran erre%
Root i n@uci ngaﬂdedherr%@RtMmmstmrt slqﬂaétommﬁ'él%bl(’ébnferrﬁoﬁlmérgéu r‘t’éﬁl
transferred tg.;RA0k.d Ndbicigagofedi um containing 50 ng/l cyanamn de--or 30 35
ng/ | kananycin. Sinul ‘taneously the transgenic nature of the shggt was
det er mi ned byTheshiTRFiFedti%ets drn Heavedret bt SVPEIANIZPT SEET S of
the gus gene psiiRged Wiicht DL bani wAlméddSeamsiaybe |fragppeatedlodsd bhwit in
PMOGLLSE T 00t LG Bls 14:30°02 Bafvi Q8L 7an? e TRELAMAC O ALDI 19 emangside

was conpl etely correlated with expression of the gus gene.

16 25 e 1. Transformation frequencies of potato stem
sNgg rre][lt S Emyéﬁxct gﬁ@&hgslsameaallr)mal BedReuE 61 adss ige@e operablyNr. of
. 0 nerafiqn

i nocul at ed l:r.nkedek'%ltgsédﬁs promoterr%rﬁf It)ﬁ%‘_] 358 termgnatgﬁ o & inserted as
XhoI/SalI fragment in the Sall site of pMOGB74.

Both constructs contain in addition to the novel CAH selection marker
30 the conventional NPTII selection marker linked to the nopaline
synthase promoter and the nopaline synthase terminator as it is in

pBIN19.

b. Constructs £for transformation to monocots

35 Tn the same way as pMOGB74 was made the expression cassette was cloned
into a high copy vector (pRT101, Tépfer, R. et al., Nucl. Acids Res.
15, 5890, 1987) resulting in pMOG873 (fig. 8)
A derivative of pMOG22 (fig. 3, deposited at the Centraal Bureau voor

Schimmelcultures, Baarn, The Nethe'rlands on January 29, 1990, under
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(my/1) - expl ants shoot s shoot s

Cyanam de 08/48 48 15

2 q/angerf‘? % 48 50 ECT’EP%’””

12 Cyanami de 20 48 56

6 Kanamyci no5@Bs 101.90) was maf® by introducing &@&pn I restriction sifié in

16 . the pol¥11r&mlguoe2(29¥5§t I'xl ll.l)e EcoR fI ax§? lﬁgti Q,thu'?ﬂ,gg Nr.
of regeneration

i nocul at e or:.erg.g.&i.%neaf the polyllpbﬁ |wH§ also reve;sg%g‘{xgs plasmiq, (rrg/ | )

d gesifated pMOG100Sa@h8ains a hygromycin resistance gene be€wWddnant s
Cyanam dg 40 62 _ . 0 . 0
O/anam dg 3ot:he left and ébght T-DNA borderslgf:.g. 4). The 1.7 klb expression 0

Cyanam de 2(Qcassette comp@®sing the cah gene/@nder control of the 35S promoter and 0

Kananycin 50 ¢he 355 termiRStor was cloned be€fleen the Hind III arléa BamH I 12
pMO&EB74 (cah-nptl1) - Sel ection during

of Naesﬁlcclon s1Rﬁs a‘fu@@g.aq_mld was denorpsé&éﬁ%rp(yppwa (fig. 5).

i nocul at ed Bina®X ¥eSE&d pMOG129S (rfcigt 16)gis a der:.vat‘ib@QiﬁSpMOG1278 anda( NMg/ )
g)s(pl ant le con %‘.rr]lcs)og.n the Ssal I ﬁesirlct:.on site a GU&%%‘raé@sggn 1‘1:0 sac‘eﬁ:é:ﬁﬁi a(xjse 30
58 desgyjibed in Vancanney@y G. et al. (Mol. Gep. Genet., ZZ.QQ/%%[?AEQ}Q 20
58 1993)1 2 n. d Kanarryci n 50
58

det er ni ned. §M°G1253 was Brge Ziepar“@t?nﬁ’ffﬁ Pf"?ﬁ?‘g 1‘S’t3’ﬁ‘8"§/'arp| 8u§tn‘éﬂ1 'a

Medi um Bio/TechyWidlh] 8. P.RIVIZZl CORDP) whREl | cont&inyl the Selble efthdviced 35S
MM 1S promoter, the AlIMV RNA4 leader sequence, the GUS-gene and the nos-

terminator in an expression cassette as an EcoR I - Hind IIXI fragment.
The plasmid p35S GUS INT (Vancanneyt, 1990) was digested with SnaB I
and Msc I; the resulting 426 bp fragment, containing part of the
coding region for the GUS gene and ST—LSI intron, was isolated and
20 cloned into pMOG18 linearized with SnaB I and Msc I. From the
resulting plasmid a 3189 bp EcoR I - Hind III fragment was isolated
and cloned into pMOG22, resulting in pMdG1253 (fig. 7).
pﬁOG617 {f£ig. 9) was made by cloning the hygromycin expression
cassette from pMOG22 in the Hind III site of high copy vector pMOGlS8.
25 '

Example 2
otat nsformatioc

30 Described below is the method used for transformation of stem segments
of Solanum tuberosum cv. Kardal using Agrobacterium tumefaciens.
Nodal explants from in vitro grown potato plants were used 3 to 8
weeks after transfer. The plants were grown on Multiplication Medium
(MUM) under a 16 h light period (1700 lux) at 24C and a 8 h dark

35 period at 21°C (The various media can be found in Table 2). Stem
segments of approximately 5 mm were cut on sterile filter paper soaked
with Washing Medium {(WAM) and collected in a flask containing Washing

Medium. For approximately 300 explants the Washing Medium was replaced
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Macro salts Ix M5 1Ix M5 1x M5 1x M5 1x M5 |Ix M5 1/2x M
1/ 2x

VB, WQPS/48023 s B5 B5 B5 B5 PCT/EF98/02979 B5
1/ 2R3 1/ 2R3 Sucr ose 3% 3% 3% 3%
3% 3% 1%

g 8%
0.8%. 0.8% %F35 "-’“161%%}310!1 %edgb}m (PRMf\ %E’xﬁ Jpsks were cu&&ge(dg?tfﬁo rpm at
0.5 0.5 tlfe 5ame q)lBure conditionsg) a§ described alhve for apfrdximately 24 -

gl: g ) d5- 8 Aisl %1nary5vgctor55u§d in ih&s stud3§ contgréd the nétﬁ gene as a Zeatin
0S| ae
(ng/ 1) pha% ﬂelectable marker and the nptIjl Gs ba%eﬁlal selectable marker.
S- Plasm:.d pMOG410 adlBfionally harbored a chimeric gus gene containing -

_200 - 200 aﬁddxtron (Vaniﬁxéxeyt et al O%lo? %)én Genst 220 245-250, 1990)
POEEmid UMiG1156 a@Qitionally B&rbored the-gus gene anWB:heM;h:agm.tge and

Sk 1 Ph a ne o 1de rata a ! t
S o?gEXp ységf)lc ’&é’? g%é gigl %&@a\ a h)yd calSe: FRANRY SuE7t et Shai ! ©

Ex arrpl e 3 harbored the cah gene. Plasm:Lds Wﬁalf\%tnttftm bﬁl n%f’?bh angd A.
Descri bed bel @umémcibes maém&anm@dzﬁ@eltaém&f or mati on of cotyl edons of

Lycoper si con %E&‘%%@L&'JP&Y Ve, yg%e i n U5 29 3% Q?a%%?éd g %H\F;xscin

t unef aci ens. nary vectors an robac erl a rarns _
t r ansf or mat i oseheation Wéex dane Qs cl!@mpmé hokgrourdd %V@Stru“mn 9Hmat o

seedl i ngs WerQhQQ{JIbQ@tsQQaP:D stR{0Y 18140 MR BNHGEN: UNden983), Transgl6 h
| i ght period 170 gﬁ; zgé 24[err]C-and a 8 h dark period at 21C (The
di

contents of t \/aﬁ ia can be found in Table 4). Cotyledon 10
expl ant sisof 5 ageokactayizolers gedin pRyernighe tULB ordStnewitie shilbieripaper

soaked w th Vﬁ§b%§;.%mb§,d'zm4/w&a,fm§cm 26600 PhAl e bR AlRdre was

Cocul tivation M each contai ni ng approxi nately
50 expl ants, \%F@Q%éﬁtﬁﬁs@ 00\}6?’?9 ghewny e Psoh & - 3 atfe LBOYidihphp Rt fiotics

descri bed aboua. approximately 2 h time. Bacterial suspensions were centrifuged at

1600xg for 15 minutes at room temperature. Bacteria were resuspended

20 in Washing Medium and used for cocultivation experiments. The Pre.
cultivation Medium was removed from the flasks and replaced by the
Agrobacterium suspension. The flasks were-incubated for 20 minutes
after which the explants were rinsed twice with Washing Medium. The
explants were dried on sterile filter paper and incubated for 48 h on

25 plates containing Cocultivation Medium (COM). Then, the explants were
transferred to Post culeivatioh Medium (PCM) and incubated for 72 h.
The explants were then transferred to Shoot inducing Medium (SIM)
containing several concentrations cyanamide or kanamycin. After two
weeks the explants were subcultured on the same medium and

30 approximately three weeks later the explants were placed on Shoot
elongation Medium (SEM) containing cyanamide or kanamycin as mentioned
above. When shoots were large enough to cut they were transferred to
Root inducing Medium (RIM). Shoots that were able to root were then
transferred to Root inducing Medium containing 50 mg/l cyanamide or 30

35 mg/l kanamycin. Simultaneously the transgenic nature of the shoots was
determined by testing leaflets of the rooted shoots for expression of
the gus gene using a histochemical GUS assay. It appeared that for
pMOG1156 rooting of transgenic shoots on medium containing cyanamide

was completely correlated with expression of the gus gene.
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15 The pre-incubated explants were carefully submerged in the

Agrobact ery j ulum for 20 m nutes. The explants were then

bl ot t ed drdngﬁ}“g@gri le filter paper and i ncubat ed f or PEEEPIHPR9TH e
second set of Cocultivation plates. In processi on the explants were
i ncubat ed forrablem .ON prAhesosRARE S FHrBguentdes ofPQ§$§|:|6l Lééﬁatsbaﬁbnlygd' um ( POM
after which the explants were transferred to Shoot inducing Medi um
(SIM containing several concentrations of cyanani de or kanamnyci n.
Every three nweoMOGAAS6cx HtaintguaympgIT) subcul tured on the sanme nedi um
After approxjjmately 8-12 weeks shoots wer e lexci sed and

Root i nduci nn%?alﬁf%?ﬁe‘l‘-f?ﬁ ShoBis®t hat] 25" °fwer d abl 1% r 0o
transferred : oréeudratipguci N Madduared exgisat ai nfi ng &Ocing/ 1 Cyanaksoele or
30 mu/ 1 kanafygifyy Si mul tangously, .. | gafd.ets jof the rooted shoots
were tested FOT exXpressromn ¢ tne gus geTe T3 ochenrcat—6d
assay. Cyanamide 40 48 15 . 2 1 .2

Tabl e 3. Hapshospat i of resufgts of tomatp coty] edon gxplanfs = ,
pMOGL156 (guf-nptlT-can) Seffecrromn daurti Nr——of— .

No. of Cyanamide 20.¢ 48 No . gustt 6 3 “

Kani in 50 48 26 16 16

17



regener at
shoot s
shoot s

3

5

30

100
pMOG410
No. of

i nocul at e

(no/ 1)

Cyanam de}40

0o .

0

0

4

Sel ection
No. of gu
rooting
shoot s

1

35
Cyanam de
n. d.

1

20

i on

I nocul at ed exci sed rooting }
(nmgy/ 1) expl ants shoot s
Cyanam de 40 30 5
WO 98/480238 Cyanam de 30 30 PCT/EPI8/02979
0 0 Cyanam de 20
0 0 0 Kananycin
: 4
thll_ N Sgle t1on during N Nr. o
ee iRt T © g bt + o °f [ ode@r 215 SM*
regeneration eXCi $ednoculate r oek¢iwpd rootishoofls + shoots
mg/1) explantgod anog0Q1 S shoots .hOOtSO
20 axplants 20 2
C:ranami@e 40 Q’ﬁnam die 20 0 A 0 30 0 “
0 0 Kangnyci n 100 30
Cyanamide 30 62 )| 10 %mq— I )
Nr. &f 48 No. Dpf 0 No. gof
regeneratio I hocul at ed excl ged
s8 13
shoot s Cyanam de 40 35
1 n. d. Cyanam de 30
pMOG874 cah-nptII)

3@. of No. of 4 No. of No. oQ gus +
Kananyci n {100 35 . ) '
regeneﬁtbo.n lﬁlﬁCﬂ]:aFedn o d ef’é’ri‘l"ﬁdn ed 0 rooting shoots
(mg/1) explants : shoots shoots
“ Cvanamide 40 58 . 10 1
“ Cyanamide 30 58 40 B8
“ Cyanamide 20 58 81 2
Kanamycin 50 .58 34 26
n.d.:not determined.
Table 2. Composition of the various media.
Medium: WAM PRM coM | POM SIM SEM RIM MUM
Macro salts 1x MS 1x MS 1x MS 1x MS 1x MS 1x MS 1/2x MS 1/2x
| NS
Vitamins B5 B5 BS BS BS BS 1/2R3 1/2R3
Sucrose 3% 3% 3% 3% 3% 3% 1% 1%
Agar - 0.8% 0.8% 0.8% 0.8% 0.8% 0.8% 0.8%
MES (gr/1) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
pH 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8
Zeatin Riboside - 0.5 0.5 3.0 3.0 0.3 - -
(mg/1)
2,4-D - 1.0 1.0 - - - - -
IBA - - - - - - 0.1 -
Cefotaxim ~ - - 200 200 200 100 -
Vancomycin - - - 100 100 100 50 -

MS: Murashige and Skoog,

BS: Gamborg B5 (Gamborg,

Physiol. 15, 473-479, 1962

Oorl et al., Exp. Cell Res. 50, 151-158, 1986)
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Tabl e 4., Corrposi tion of the various nedia Medi um

WAM CO\/I SIM R M GEM M5 Macro salts 1x

1x 1,0 9s’f§°23 1x 1/ 2x Vi tam ns PCEEP98/02929

B5 B5 B5 B5 Sucr ose 3% 3% 3%

1% 1% d ucose 1% -
Agar Exaede 2 ) 89, 0. 8% 08% 0. 8%

VES (gr/ 1) 0.5 6mBte ¥rsnsfogmation 5 pH'

g g 5280 D?s%:.bec? below 158the m5et§od us?MothraatnsPo&aggéﬂ (1% éé@/lelons ofb 1

0.1 0.1 Lycopersicon esculentum cz, 44dbey Maker using Agrobacterium 0. 05 -

0. 25 5_ tuz;zefacéﬁ?%emlxgﬁqipFw vectors and Agrgbacteri:a_ strain_s_ for tgé)ﬁ

Cef ot axi M transformation method are identidfD to those destibed above.
Vanconycin - - 50 . -, -
Acet osyri ngoﬁwqﬁvfeedlings were ggmiinated on Germination Medium (GEM) under a

Exanple 4 35 n 1ight period (1700 lux)/42BLHOLM S ¢ masfiopeRiddat 21°C (The
Descri bed below is the nmethod used for transformation of ro

ot
segnent s of Acatsrdspef chenwnigna nediacEr by ifynddrofaiitet] ufPTotedon

tunefacjens. Jhe, NINGEY% ¥6C Ay SRF sb&diSnks %%EOJ\JEBM QtePPid12¢1€4:€ paper
|dent|cal to Those described above. mg of Arabi dopsis seeds

wer e ger m natsedked wath | WeskicoMedivm {AM) and plaFP%]mndP@reﬁl PRRRARINEdI um
(G under 161,10t BOUAtl VOB | 1 cllres; ogon cRAARERE ARCoBaBBII K

period at 21[err ‘cont ént s of vari ous nedia can
be found in 'Eabé:eplzh)rmsRaatrs txfcuBadaysve)&rngeeubﬁéng:@e same condigiens $§| at ed
in a steril e% trjdish and collected in a drop of Ger m nati on

Medi um (GV) . RESTPSRPR¥Ut in segments of approxi mately

15 The pre incubated explants were carefully submerged in the
Agrobacterium inoculum for 20 minutes. _ -
The explants were then blotted dry on steéile filter paper and
incubated for 48 h on the second set of Cocultivation plates. In
procession the explants were ihcuﬁated for 72 h on plates containing

20 qutcultivation Medium (POM) after which the explants were transferred
to Shoot inducing Medium (SIM) containing several concentrations of
cyanamide or kanamycin. Every three weeks the explants were
subcultured on the same medium. After approximately 8-12 weeks shoots
were excised and placed on Root indﬁcing Medium (RIM). Shoots that

25 were able to root were then transferred to Root inducing Medium
containing 50 mg/l cvanamide or 30 mg/l kanamycin. Simultaneously
leaflets of the rooted shoots were tested for expression of the gus

gene in a histochemical GUS assay.
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3-5 mm and approximately 100 explants were spread evenly on a nylon
menbrane (O 8 cn) which was placed on plates containing Callus 20

| nduci ng Medium (CIM. The plates were incubated 3 days’
under thewo 98/48023sane conditions as descri bed above.
Agrobacteriumstrain used in this study har bored a ri farrpi cin

21

sel ection narker

I n

a C 58 chro

of t hEPHEl per s?’F%ﬂSﬁ°m3<§iﬁ‘1 Hegn

Agrobacteria were gr own over ni ght

(rifanpicin 20 kana cin 100 ng/l). The overnight culture was

diluted 1:® B°’F:hn%3 vxﬁ'c“l‘fé’&? FhtfM™otics and grown for approxi mately 3

hours. Bacteri al suspen5| ons were centrifuged at 1600xg for 15

M Nut [ES=ar—T GOTT el S o) SIS A = oy v o I ¢ w3 B e B b 5 RS ) WASE LY ASAS I B R R - 1 o A1 e Y

adj ug memmmgo | mdomsed for| cecwtt i vat i pnyo. of TheNnoepbhowne

contd nin r oxi ma expl I ncupat ed. f or m nutfes

with h’éeg%&f%g&'bterl 1‘6 Si onap gelﬁed on| stEH¥Fe smf"%ter hper

to rephowgrpxcess of )a@i;ﬁaﬂ:a The maaxibbeme W th saeptsant s are

cultureg Tor 28 h onfCTMprates. After rinsingltnhe nenbrang and 15

expl a t@!a'm’-# e quidiaM ¢ heXe werelincuhdted oh Shoof Indudtion

Medi u @L‘Mmpg@t es ¢ontai nfphg sevpral- cgncentfationg of cyanam ge or "

kana ,v ur gy e-TrETThT I W T e R parts T was

trans ecvaedmucazc he sdme meddum (SIM _forosubculture. 0The second 0 “
2 vveek; Appr d

SO

Pt it 2

PQVEP98/02979

construction
a"(‘i993) .

5

|n LB mediumwi th anti biotics

pl aced on pI at es with Shoot El ongat i on Medi um (SEM cont ai ni ng 30

no/ |

cyanani de.
t ransgeni c RMPB43Ot el SBS-RRERTIN

Shoots which were able to root are tested on thelr
| eaf l ets and flowers for

Selection during
regeneration rooting
{mg/1) | explants shoots shoots
“ Cyanamide 40 30 0 0 -0 “
l Cyanamide 30 30 3 0 0 “
Cyanamide 20 30 0 0 0 “
Kanamycin 100 30 4 3 3
PMOGEB74 (cah-nptlIl)

Selection during . No. of
regeneration rooting
- (mg/1) explants shoots shoots
Cyanamide 40 35 1 1 n.d. “
Cyanamide 30 35 0 0 n.d. “
Cyanamide 20 35 2 0 n.d. “
Win 100 35 4 1 n.d.

n.d.: not determined
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of the gus gene using a histochem cal GUS assay. 25 Thr ee

experinents were perforned. Shoots obtained fromExp. 98-8 and

98- 11 werWOBM8B3:rred to rooting nedium (SEM contai ni ng 3®CFERIBOI9

cyanam de. Shoots obtained from Exp. 98-13 were transferred to

rooting mnedi cont ai ni,na_ f a an tion,as the selection

medi um ( SI I\/pw%le Qresulk:t’g‘:‘c’s”.eg1 EF & 92 o'{;é odg‘tas obtained fromthe 30

kanarrym n sel ection (50 rrg/lltre) Were transferred to rooting nedi um

contai ni ng 25 rrgiﬂ Itre Kanarryc
able—4

22 Nogi-d2} 8 S ~—ana C24
r oot MS Macro saltEr ansf or Wﬁt 116N 1x M&dl a 1ix ix 14 a
GM CMSIM SEM conponents - I ngredi ents macr o B5
BS B5 M Vitamins &5enenk B5 BS BS BS m cro
B5 "B5 B5 WRiose 3 ehemENtR 14
vi tam ns B5 BS B5 B5 sucrose (g/ 1)
10 Glucose gl ucose (g/ 1) 20 20 26% -
Dai chi n agar 10 10 10 (g4l Hor nones
Agar - 0.8% 0.8% 0.8% .8% 0.8%
2,4-D o 0.5 Ki netin 0. 05
2-1p MES (gr/1l) 5 . 0.5 0.5 0.5 |QAS 0.5 0.5
0.1 tphbl otics vanconygip ¢ ¢ 5.8 5 0 53¢ 5.8
carbenicillin 500 otaxrne
100 Reatire Rpbadiide (nggnsf ormed wi2lo pN@Go4102vuere rot abte to
regenerate 5 —_ on cyanam de cont ai ni ng medi Qum Eéen 20 ng/litre
cyanani de was al ready enough to pr Vent r’égen Rtion of expl ant's
transforned wist h-m construct withauvbst he-cah gene. At 20 till 40
ng/litre cyanam de sone
IBA - - - - 0.25 -
Carbenicillin - - - 500 -
Cefotaxim - - 200 - 200 -
Vancomycin - - 50 - - -
Acetosyringone (mM) - 0.2 - - - -
5
mple _4
Arab 2P 8 transformatio
Described below is the method used for transformation of root
segments of Arabidopsis thaliana cv. C24 using Agrobacterium
10
tumefaciens. The binary vectors for this transformation method are
identical to those described above.
Six mg of Arabidopsis seeds were germinated in a flask containing
liquid Germination Medium (GM) under 16 h light period (1700 lux) at
24°C and a 8 h dark period at 21°C at 80 rpm. (The contents of
15 .
various media can be found in Table 4). Roots of 9 days old seedlings
were isolated in a sterile petridish and collected in a drop of
Germination Medium (GM). Roots were cut in segments of approximately
3-5 mm and approximately 100 explants were spread evenly on a nylon
membrane (0 8 cm) which was placed on plates containing Callus
20
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cal l us devel opment was observed, but at 50 ng/litre and higher ‘ _

expl ants were not viable and turned conpletely ‘brown. 10 On the

ot her hamngloesps@ats transforned with the cah gene (pMOG 11B@GI/EP98/02979 were’
able to regener ate at all cyanam de concentrati ons, even at 80

ot than TRENRg A Em, [ Ohe' Bfadet AL ShLORRE AN SoHES cne

f ast er than\ﬁfm crn. nore shoots were avail abl e
60- 65 shoots seRé axdnak visiseds rdescﬁﬂoed above treat rrent and pl aced on rooting

nedium At the | ower cyanam peen e,S3a nt of
shoots devel SPEPHLOAFTH lﬁ'é{rfé:ﬁ?t“ psed in }t‘é iOn :taepprox 9%@%80 per
petridish). selectionlh&@iRrifna cl ml&:hf:@crorsehﬂt batkdretude The addng srubeied oprent

and GUS expressi on on cyanam de_sel ection w th root ant s
transformed it Rhecelrer Strfﬂ\?déx He 1 rie5or st Paiged it ¢ rﬁ%g ‘hoot s

obt ai ned on CARBBRE R 10 were grownBdrhifift (AIe mBOMR(wih aheiviioBikcs

I ndi cating that cyanam de i s needed to obtain transgeni c shoots.
23 (rifampicigh?® ngal. Eesgmcdn AW Paddsi The P&ﬁ?f’@?‘ﬁa‘i‘ﬁlﬁh"w’f‘ﬁ pMOG
1156 diluted 1:10 in LEEMRGLLEBRL1 N8 ARUPSFhAERlr SBpdokimateupes i ment
98- 13 Conc. of Nr. of % Shoots Nr. of % Shoot s Nr. of
% Shoot s hours. wnamldeusqﬁnanwﬁ #Prd cepprtfuged at 16Q%xgnter 15, 5ot ng
gl ants i ;Oorgaj.nr\]xg.es 3at room teﬁxgajaltl.\l'é e)Bacteélgowerquéltspenaed in GMO%nd?, 0

1
2 3. 2 adjusted 9:0 0oD600= 0114 a@d used for @ogitivation. 5 8.2
g g i The memb:Efne cor_n:ainﬁig approxlmﬂzegefpco explantsSJ;gis incubaé-&g-for
nd. nd. 2 mlnutes 4vith the Agﬁ:h@cterium susﬁeﬂﬂ.on and dried @n sterilq3 §
10 15.6
19 47. 5f11ter pigfr to remﬁbe @xcess of ba(cffrlarhgh% &emf:ra% 1th e?glpaglgﬁt s
consi sts of theseusbeais tdevll Rpa cintm apéanhstandinhing tige memraon and
cyanani dg cont ai ni ng medum sh gzx)n (Vglghoots
rooting = Nr. esPlasreanticly FHpue @f thgee §1‘?66t’§‘°*‘bi‘i?60/°% oot TnAuGEi%8 of bl ue

stai ned p| ant FeEANPIEDE LOatds cOftafih®hd Several concentrations of cyanamide or

kanamycin. After 5 days the membrane with ‘the explants was oy
transferred to the same medium (SIM) for subculture. The secqu
subculture was after 2 weeks. Approximately four weeks after

2 cocultivation 60 shoots per cyanamide concentration were excised and
placed on plates with Shoot Elohgation Medium (SEM) containing 30
mg/l cyanamide. Shoots which were able to root are tested on their
transgenic character by testing leaflets and flowers for expression
of the gus gene using a histochemical GUS aésay.

% Three experiments were performed. Shoots obtained from Exp. 98-8 and
98-11 were transferred to rooting medium (SEM) containing 30 mg/litre
cyanamide. Shoots obﬁained from Exp. 98-13 were transferred to
rooting medium containing the same concentration as the selection
medium (SIM), for results see Table 4a. The shoots obtained from the

30 . .
kanamycin selection (50 mg/litre) were transferred to rooting medium

containing 25 mg/litre Kanamycin.
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Tabl e 4b.

Percentage of QGUS expressing Arabidopsis plants obtai ned

via cyan kananycin sel ection. 10 MOG
pMOG 11 5§V0%§/4%23 410 Tr eat nent PCTIEP98/82979
derr] 30[err¥r CBOlLerr Sane cong.

treat nent[er T le edia rﬁtered for Arabﬁaopsxs thalxof%ﬁzf root 0
G0 76rah@@ormation 78 nd

40- 100 100 50 a¥al 80 nd.
C60 P«qqgia 80 Media 100fM CIM SIM SEM|xg nd
67-90 compgnents rr]Rn nnrg ] 82-92
100 Ingygdients "EEP pl ants B ai Mg BBl (¥ (2)

All pMOG 410|shoots are rooteéﬁ“‘?ﬂFsKananym n 25v5§ p (3) C
= Cyananide (ng/litre) “‘m“‘éﬁ% ag%r?yc’f’n (mg/litre) 15

(5) - concentration ‘ﬁl@‘:ﬁ gt i ng nggll Uls g5 s

Exanmple 5 20 e Ri 1pfiransformation

Described befow is the methqg ﬁﬁgse IZ()i) tp@nsfgy ma,_td on ¢f callus

derived fromjscutel | um of aqggnergggyos of Qgdyzagsabpya cv. Tai pei
309 using Agr}obacteri um tunefgghens strain LBA1119- pMOEL295

(harboring t
Sterile dehu
Cal  us I nduc
various nedi
callus deriv
24

enbryogenlc
cul tured
used in

5

10

15

20

rmehe0ene) and stpal n - dontrol). 25
ked rice seeds w®jeiger m nated orospl at es gont ai ni ng
t}i on Medi um (Cl M-ipnh the dark at 28[esr]C. |(The contents of
can _be found iTaATable 5). After 3 owisks dnbryogenic
Td\tfibomﬂcbe Sscut-edrconyein | sol at ed andogus@yl tured on the

sanme nedi cambentiexllihe sane cod@Ptiorls. After 2-3 weeks
calli wereefogsxime seqnents of appt®Mdi mately 2-3 mm and

pl ates containing CIMfor 4 days. The Agrobacterium strains
this study harbored a rifanpicin selection marker in a C 58

Root explants transformed with pMOG 410 were not able to regenerate

on cyanamide containing medium. Even 20 mg/litre cyanamide was
already enough to prevent regeneration of explants transformed with a
construct without the cah gene. At 20 till 40 mg/litre cyanamide some
callus development was observed, but at 50 mg/litre and higher
explants were not v1able and turned completely brown.

On the other hand explants transformed with the cah gene (pMOG 1156)
were able to regenerate at all cyanamide concentrations, even at 80
mg/litre. At lower concentrations the regeneration of shoots was
faster than with kanamycin.

Although more shoots were available 60-65 shoots were harvested per
treatment and placed on rooting medium. At the lower cyanamide
concentrations the same amount of shoots déveloped as with kanamycin
selection (approx. 70-100 per petridish}.

There is a clear correlatioh between callus development and GUS
expression on cyanamide selection with root explants transformed with
pMOG 1156 (fig. 4b). GUS analysis of shoots obtained on cyanamide 0
mg/litre (NS) showed no staining, indicating that cyanamide is needed

to obtain transgenic shoots.
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chronosomal background. The construction of the hel per strain EHAL05 5
is described by Hood et al. (1993). Agrobacteria were grown for 4

days on pwetssasesnt ai ni ng AB nediumw th antibiotics (rifanstfihegidior
ng/ 1, kanamycin 100 rrg/ ). Agr obacteria were collected in LIMand

the OD600 wa t ey 0 1.5 This suspensiqn u for

cocul tivati o% ﬁéa”? \f/&sa‘r"%tsl ﬁ‘f: S5e gdlﬁ I rn;‘l‘a[r%ﬁ Bg’ l\t/"\,th}t,\‘ill:pﬁ)tshzfg%o

Agr obact eri um suspensi d@xpexingentir 9881 cxxpeﬁmn'tl 88-11 § t Bxperimpetr 98e13r enove
excess of bacteria. Calli were culfured for 48 hlon Coculture Medium
(COM) pl ates aCar@B[fer rNCaof n % Shoodia k Nr.50 pMSBRA9Y Nabli &h&hoa® pMOGL253
cal li were culGus ee?’“'l‘:bncé?ﬂ"r’&tl ﬁ"’m‘ cy’a?fa'm . plamte £ ofoPdgi ng
concentr at i oprs—6+—= ; O-+—66—31680—3456+— 200, 15
300 and 500 ngh) . Hyro cin S apI| d in concentrati opgof 50

ng/l. Calli vn\grgg i nc batl?éd on\g rsg Sejecti o?t_ll\/éqll u%\ (FSME{?;I ates

cont ai ni ng segaoal concentratigans ¢f cyanam 4le onf hygromyct.se at 28C

in the dark. @ffer 3 emk S the:dcalli were tr&msfgrréd to Erfbryo

| nducti on I\/bdF&PnI nghd-he saffe ccncéntrah@ﬂ of 20

cyanani de or Fhﬁ, 3 ‘,’Vﬁﬁy heMcaI | i \éére

subcul tured e = s Sty bt R3ots Bovelo |h‘td|!lahdandaiﬂb‘lbfo'61bﬂc9hhhmidé'e
same concentration of mamhde or A e e e oncent ration of

hygronygi n (7% ngffpce Towl s oEsoat +18¥6 t 0 Shoot | nducti on

Medi um ?SI M 7%;ont a|t nllung Erré‘;gnrf%d%ongin% ation of cyanam de as 25
during FSM EIMI, EIMI11 and were cultured under 12 hours |ight

period (2600 i) and Pl Ve Bl eloreSLIdcarMMBLOKIBLSIE SHURRCE
after transferring calli shoots re regenerating and excl set
and pl aced i nnjaau@nemmealomkugzaayeue ee:m:ouse Medi um (PGVM). No calli
were fdPmed at—eenreen B0 gher of cyanamid. At 30
15 nmg/| cyanam de t he y of callus from both
constructs w g 30 Oedmal |1 were able to
regener at e, pNDGlZQS 17 out of 44). At SQ,e&mé,J{ cyanam de only 11

calli of pMOGL295 show?d green cal I us developnent and 6 were able to
be regenerated. 380 . nd 0' 0 25
C30 nd 75-100 78
C40 nd 40-100 ' 100
Cs0 nd 80 nd.
C60 nd 80 100
C80 nd 67-90 100
K'50 -100* 82-92 100
[{)) : % of plants staining blue
{2) : All pMOG 410 shoots are rooted on Kanamycin 25 mg/litre
(3) : € = Cyanamide (mg/litre)
) : K = Kanamycin (mg/litre)
15 {(5) : concentration in rooting medium
Example S

20 e _trans ation

Described below is the method used for transformation of callus
derived from scutellum of mature embryos of Oryza sativa cv. Taipei
309 using Agrobaccerium tumefaciens strain LBA1119-pMOG1295
{(harboring the cah-gene) and strain LBA1119-pMOG1253 (control}.

25 Sterile dehusked rice seeds were germinated on plates containing
Callus Induction Medium (CIM) in the dark at 28°C.(The contents of

various media can be found in Table 5). After 3 weeks embryogenic

callus derived from the scutellum is isolated and subcultured on the
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Table 5. - Media required for Oryza sativa Taipei 309 transformation

Medi a O%&Og% CMCOMLIMFSMEIMI EIMIISIM PGM
conponent ¥ ngredi ents Macro el ements N6 R2 R2 PGUEPY8#2979 | S
LS 1/2 M5 (g/l) Mcro el enents BS RR R R2 LS LS

LS 1/2 M same medium under thq/pfxggmcﬁgditions After 53 yErkspombrRogenig LS

LS 1/2 B5 calli were cut in seg%gﬁ{@%g approximately 23@ mm and cultuggd 30 30
40 10 d ucose 10

Agar ose Type plates containipg CIM foxy 4 dgys. The ﬁgrobac;terzum strains used in

Erl_]'yt age' this studé' ﬁarbored 'a rzéfadnpéczgn se‘\]__;ecst:.nnSmasrkE_e)r%r?a C 58 Hor nones
2,4-D s chromosoma2 §ac2<95mg1d5 Pheg congrucidn of the hélpprl ptrain EHMAS
82 - is descr:.bed%ﬂood et al. (1993). Agrobacteria were grown for 4

0. 05 Adkdist by @slateProdhtainipgHE pedium wiﬁ'ﬂﬁntibiotlcs (rlfamp:.c:m 20

G utam ne (ny/l k500, 100 1 sein En matic
Hydrol ysate (TR )kanamyein 100 mg/l). Agrﬁ&%ﬁ"&é’;‘ﬁ Rillolaice %F‘é‘?‘?"] Wi in a“dloo 100
\C/OCOSHUt wat er ed"ob600 was adjusted till 1.800.s5. BN} suspensu?xﬁltvdablxﬁgddflﬁor
' 100 100 100 100
Cgpg?gz;:(;?g cocultivation. Calli were4:m5:uket€pd £9p(0 xmlmes with t}g.eng )

Exanpl e’ 6 Agrobacterium suspensiddl &3 dEi@dq%Boétf@ﬁh.Qr‘flb.}fePagfabbﬁlt% gifbve
Descri bed below is the nethod used for transformation of non-

mor phogeni ¢ cexdessushdasrenis - ofaldd yweresgeitpged \Lor| 8 30 onsFaryliure Medium
particle infl up; (Gl 2604l P IR E1 RQr 3bs R Csb | oM38P25

11, 323-328, %%g Hrdees™e Al 1ong terlrrn nonpt?ral?rlphogégn:l%nésnt?spensdlgonz c3ul ture
of Oryza sati vellovwexlet) cultured pe¥ S@ngrasratipoubf vedanid. WBek Ifpllawiegval s in
liquid LS—4(L|ns Ler. and .Sko ysiol.. Plan -1

1962) mpgi um A4 B AtSrRe cyanamdeé"n “a ro{&aré/ slﬁélkieotr31 %il(ljl%})b at ;%OSC in
t he dark. (Theom:cmtiemcs mofl Hygromyctﬂneaalssapbmedlmcm&et:fmml dfnstrabl e
Z). 3 - 4 days t he bcutre15 of t

suspensi on (aPp ?]b & nts‘ )‘?’ei?)[lélfulj’ategl ?%%“i%t selectiop i 18{9ehF 95 5?1 on a
filter paper eWatiaeng ruévéx)alwlabﬁdsmm&mns of cysmaqumuyyr@&yaﬁﬁchwne%
solidified LS-4 nedium and cultivated in th dar k  at 28Cfor 24 h
and directly &BedS 8?r’boﬁ’5%ﬁrdr?fe‘t"ﬁekfhél?ee§?’r]e‘r were transferred to

Induction Medium I (EIM I) contalnlng the same concentration of

% cyanamide or hygromycin . After another 3 weeks the calli were
subcultured on Embryo Induction Medium II (EIM II) containing the
same concentration of cyanamide or an increased concentration of
hygromycin (75 mgll). Calli were transferred to Shoot Induction
Medium (SIM) containing the same concentration of cyanamide as

% during FSM, EIM I, EIM II and were cultured under 12 hours light
period (2600 LUX) and 12 hours dark at 28 °C. Approximately 3 weeks
after transférring calli to SIM, shoots were regenerating and excised
and placed in jars containing Pre-Greenhouse Medium (PGM). No calli

- were formed at concentrations of 100 mg/l or higher of cyanamid. At

3 15 mg/l cyanamide the regeneration frequency of callus from both
constructs was the same (pM0OG1l253 7 out of 16 calli were able to
regenerate, pMOG1295 17 out of 44). At 30 mg/l cyanamide only 11
calli of pMOG1295 showed green callus development and 6 were able to

be regenerated.
35
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For microprojectile bonbardment a home-nmade particle inflow gun (PIG
according to Finer et al. (1992) was used. 300 [err]g tungsten particles

20 WO 98/48023 26 c'rilﬁ-@ﬁl@ﬂ'lw th
ei t her pMOG 617 (35S-gus and 35S-hyg) or pMOG 873 (35S wer e

| oaded on a fé gl €s Lt equxti‘ﬁe&)%L'@J&? Q’X‘%Efa Taipei BOQC%QE%QQLM a
2.5 bar heli um pul se and a to pass a [err]m et al st op
screen, placededdacm und¥edishe particl e sCRpEOM. LI FSYUEPEISEDH IISIM PGM
cells were plee@ena®scm under the particle support. The PIG was 5
evacuated to ZJePneHhenuseManre sipmsarsiment . NOf (R Bonth¥r dFEnt Ehe chPI 51’3 MS
were cul t ured(@4t128] er r FESToneleMentar k f oS 3 RPay®2 FenLfhe P tef v?

the cells were transfer Ef™ 8% sol i d LS- 4B cﬁ’ur’rf‘?:or‘goal gﬁng gérl og /2 B5
concentrations of cyana u%f:% 8r 50 mg/| hy ci.pB t ab

subcul ture was repeat edAga days. Resistant “mcjocalli that \yere 10
visible after 4-6 vveekspwagei nsterredyto fresh LS4 nmedium

contai ning the respectiyg selective ageng—, g F§ @Mst yW0g @XBEgi MBNES §.¢d 5, 2
41 cal l'i trangbaisxed wi 'Qh;.ijﬂ%l? wer e fngldz I£si st Ant 2t9 hggs onyci n,
while for the (hgansformahaon with pMOGEB73 7 calli survived cyanawm.sle

20 mg/l in the first expeeinent (results fromthe second experinmens 15
not yet available) and ®x 4 calli renmined viable on 40 ny/l 0.05
cyanani de. NoAdddtiveser @ré¢dmeelhal)conceAdPations  of 50 ng/|

cyanani de or higher. Th&letamingetrigélhat uS80was confirmed by testing
parts of the devel opi ngcéﬁ?llnu§n¥lﬁ‘latt‘ﬁe pr88ence of the DNA in the
callitransfornmed with pREELAYsathdmgflh he 4 surV| VI ng calli on 40 20

ng/| cyanani de showed p §F"ﬁ%"’f‘gr?“§ bgi expetf%eff on t - gene.
Tabl e 6. M;m rgqgl rv comycm Tz 8 ativa cv. | R _5[3 gnsf matllogn
LS-4 liquid (mt fotaxime Macro el enents % 100 100 LS
Example 6
ice transformatio ticle n

Described below is the method used for transformation of non-.
morphogenic cell suspensions of Oryza sativa cv. IR 52 using a
particle inflow gun (PIG)} according to Finer et al. (Plant Cell Rep.
11, 323-328, 1992).

10 A long-term, non-morphogenic suspension culture of Oryza sativa cv.
IR 52 was subcultured in weekly intervals in liquid LS-4 (Linsmaier
and Skoog, Physiol. Piant. 18, 100-127, 1962) medium and maintained
on a rotary shaker (110 rpm) at 28°C in the dark. (The contents of
the LS-4 medium can be found in Table 2). 3 - 4 days after the last

s subculture 1.5 ml of this cell suspension (appro. 1.5 x 10% cells)
were evenly spread on a filter paper (Whatman no 4) which was
subsequently placed on soliéified LS~4 medium and cultivated in the
dark at 28°C for 24 h and directly used for bombardment thereafter.

For microprojectile bombardment a home-made particle inflow gun (PIG)

. according to Finer et al. (1992) was used. 300 pg tungsten particles
2
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Mcro el errent S LS LS Vi tam ns LS

LS . ose (g/1) 30 30 Agar ose Type |
' wo siibS) (o11) oH 8/02979
5.8

27 Coated Wi dscner oo s a5s-ous and S4BV, @SR 573 Wfber of
resi st ant 94an) were lJa'agélc)n a particle sup%ﬂtat'ﬁ% partﬁ!lggevﬁere positive

Cyanam de 20 Cyanam de Cyanam de
40 Acceleratemnam Beb&f) helium pulse 3nd had to @pasaemsne ;ﬁﬁ)metal
2 Cyanam de 70 2 Cyanam de 80

Hygr OrTyCI n 50 Stop screeng prlaced 2 cm unsmhsmgartlcle Suppert-t ‘F‘% sag@ems:.on

Nunbe.r of r%%'l?é t.re plP 015 cm undegrg(el Q:art:.cle SUpport. Bi’x was cl ones

positives g E}/ 0

6 - Q/aﬁaawlﬁdSGo 30 mbar be%nﬁéﬁﬁi&drﬂ&t. After bomb%rdment the cells
were cultured at 28°C in the dark for 3 days. Then the filters with
the.cells were transferred to solid LS-4 medium containing various

concentrations of cyanamide or 50 mg/l hygromycinB (see table 6). The

subculture was repeated every 9 days. Resistant microcalli that were

10 .
visible after 4-6 weeks were transferred to fresh LS-4 medium
containing the respective selective agent. From two experiments 7 +
41 calli transformed with pMOG617 were found resistant to hygromycin,
while for the transformation with pMOG873 7 calli survived cyanamide
20 mg/l in the first experiment (results from the second experiment
s .
not yet available) and 0 + 4 calli remained viable on 40 mg/l
cyanamide. No calli were formed at concentrations of 50 mg/l
cyanamide or higher. The transgenic nature was confirmed by testing
parts of the developing callus for the presence of the DNA in the
callitransformed with pM0¢873. One of the 4 surviving calli on 40
20
mg/l cyanamide showed positive in a PCR experiment on the cah-gene.
Table 6. Media required for Oryza sativa cv. IR 52 transformation
LS-4 liquid LS-4 solid
Macro elements LS LS
Micro elements LS LS
Vitamins LS LS
Sucrose {g/l) 30 30
Agarose Type I - 7
{g/1)
pH 5.8 5.8
2,4-D (mg/l) 4 4
25
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Cyanam de 50 7 Cyanam de 60 4

Cyanani de 70 4 Cyanani de 80 2 ' '

Hygr omyci WeB/48023 4 5 PCT/EP98/02975 2Pl € ~
8 Mai ze killing curve St ock

sol utions of fyapayi de Mee1Prepared in water at 10 and 100 mg/ m
and filter sterilised. Aliquots were stored at -20[err]C 10

28 selectiMedigbneerie norsdiabed Russsldhng Masnedi um (4. 4g), sucrose
(20g9), 2,4-D (2.0my)} and agar (8g) ta 1 litre of water. After

aut ocl avi ng t H@g/1) appriopraiates armlfgtm‘tﬁ cya®art®iere(0, 10; 30, 50,

100, 150 ng/ L tae Sy ter—was—added—ama—t e medrawas poured i nto
9cm petri di sHegramide 20 pNg | j i d was prepared as above minus agar. 5
BMS cell s wer dded, t gomedifa conf ai ning cyanami de in three ways:

a. BMsS cell suspension added to falcon tube and |liquid renoved. Then
the BMS cel | s grhenfdd @a0ged jon thg surface of the agar in clunps of
approximately 5mmin dianmetgqr, 5 clunps per plate, 3 plates per
concentrati on, Cysnahixie0A0t he |base »f each petri dish the outline of 10

each clunp was marked; b. Approximately 0.5m pack cell volune plus
1.5m BMS | i quixrragiRs) 0 to2surface of agar and the cells were spread
finely over su f%gei&f 7 agar. Three plates per treatnent were set '
up. c. YRSRPEE M8t el y| 0.5nf pack cell volunme plus 1.5m BMS |iquid
wer e agdedni& 5l terj papey overlying agar. Cells were spread evenly
over '

Hygromycin 50 8

pPMOG 873

Selective agent Number of resistént PCR

{mg/1) ' plates clones positive

Cyanamide 0 4

Cyanamide 20 6

Cyanamide 30 8

Cyanamide 40 8

Cyanamide 50 7

Cyanamide 60 4

Cyanamide 70 4

Cyanamide 80 ' 2

Hygromycin 50 4

5
Example 8
alze lilin xr
Stock solutions of cyanamide were prepared in water at 10 and 100
10 mg/ml and filter sterilised. Aliguots were stored at -20°C.
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surface of filter. One plate per treatnent was set up. The pl ates
were seal Wz cropore tape and incubated at 25[err]C in t he
dark. The gro of the cells vvas observed after 7 and 14 da%T’EZ@"’”W
RESULTS 3 Pl owt h of BMS cells on cyanam de was
assessed afteﬁ’e%‘adé%e prepare lw‘I' /e H%Hfﬁ“e&f‘“'Bl\fé -8 4 §“§F?%‘Fné%‘c‘?’on2t41'@
surface of thes o8l r&la a t gr own
their origi naI@2 outalsi ne. HEC’%: Qg@ﬁnto ' 1:.1-.:93& MQE&E ﬁg%fnggé%%gg%gghei r
outline but t#epdeerifte ahouniteot|ayapanide (o 1ohaac¢ | s¢r aasedisorging an
uneven surface. A slight reduction of growth wi th increased
cyanani de conE’éarﬂaF‘é‘P‘?’oHaﬁ/anddﬁﬁpH’rdeﬁ’E‘e mef‘ha e RABEPHLiAte dcm petyk diegkesn
growt h observ I é‘fl?d["a he cells which were spread
over the surfggseqrsgé%hg;g%ontro gl%&%gdunus agaI' grown well and densely
covered t he sows aetlofweirbeadiedi to mAdia containing cyanamide in three ways: :
29 significant reduction in growth was observed on the
| owest | evel 8f BMS cell eymm a@éed rkg/ fi}lc°ho‘?séf\PePnd ddahid remeesd . cCBhdn
density was clear Asl ncrease in cell density was
evi dent on 30|tg 5 cells w%re ar n(?edbu’"t th s\)\’éga‘%ﬁ P? %lﬁ f9%% 8 §’t‘1“ﬁ§u¥fs |
di fferent gro%ﬂ:d’x@ﬁ\@@ely Smm J.notﬁhdﬂieg&er sCQR{i.thﬂél bR, B plates pegel I's on

all levels of cyanam de remained a mlky white col our, no br owni ng
of cells was gbmn\g.g@\:xon, while on Bhy Hdse(dRleheh Petri dlsh tHheutkidiecbf on i n
growt h ¥ BMvS ceII on n;nﬂ:;a was still very clear

each ¢ ump wa

b. Approximately 0.5ml pack cell volume plus 1.5ml BMS liquid added
to surface of. agar. and the cells were spread finely over surface of
agar. Three plates per treatment were set up.

s ¢. Approximately 0.5ml pack cell volume plus 1.5ml BMS liquid were

added to filter paper overlying agar. Cells were spread evenly over

surface of filter. One plate per treatment was set up.

The plates were sealed with micropore tape and incubated at 25°C in
20 the dark. The growth of the cells was observed after 7 and 14 days.
RESULTS
Day 8
The growth of BMS cells on cyanamide was assessed after 8 days.
’s Thé clumps of BMS cells arranged on the surface of the control media
had increésed in size and outgrown their original outline. Cells on
10 mg/l had not outgrown their outline but the height of the clumps
had increased forming an uneven surface. A slight reduction of growth
with increased cyanamide concentration was apparent with the maximum
30 effect on growth obseryed at 50 mg/l cyanamid.

The cells which were spread over the surface of the control media had

grown well and densely covered the surface of the media. A
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10 after 15 days on cyananmi de, however, the cells arranged in clunps
had outgrown their original outline. CeI | s spread directly over the
surface ofobsgsoagar showed a simlar response to those arr aCEEPIsH2979
clunmps wi'th a notable reductlon |n growth observed on 30ng/| plus.

Cell's on 50ng/, h o) h&, .S e t 15

cl unps renar%eangéelrcan lrg}[ﬁ%g Jton e ce %w\%r%gsgf‘aﬁd"%i ?ﬁy%ﬁ%’?elg%l 5
colour. A si rﬂﬂa&&m{dtspom&@/m.s nobsarY eth Whélreazed | cedpr éadioy lasaclearly
filter. However, small raised |unps were observed on the surface on

all filters blisibhesa awhﬁo%nqarem ép et ﬁ%rrmmv&s(:eﬂﬂ?%smhﬁa R e

evidently conp ri sed.o Iar cel 204t gaat es fro

popul ati on of YERGRE Bl ca wa% s&gpec’?lgl ngulsn dlg%erenl§ D m\l/-'vgsre
taken fromthg, q,llggg_s cBhediRkhsioan. al | levels of cyanam de for
observasi on under | ight m croscope. Wth increasing | evel s of
cyanam de thecen\seoe dliclemis af nvarzedde glemdbmd aohiléy\whdte ¢3our, ne  the
cell contents had shrunk anay fromthe cell wall, and an increase

in the nunber P47 10 H 68 EI_T SPEFFY§Fai ns. Cel |'s were observed
resuspended in water and with FDA stain under WV |light.

30 Tabl e 9. Cyanam de Level

Cbservati ons pay 15 (Table 9) (ng/l) 0 Nor nal
healthy cells with occasional dead cells. gns

of stress. The reduction in growth of BMS ce%ifdoﬁ|%9W5/%”waae%ﬁ}l&éYq§¥ a}ﬁﬁfgst
heal t hy“cel | S'after 15 days on cyanamide, however, tﬁ@@e%‘.s 5&4&9@;&@ in clumps had

outgrown their original outline. Cells spread directly over the
surface of the agar showed a similar response to those arranged in
clumps with a notable reduction in growth'observed on 30mg/l plus.
Cells on 50mg/l plus showed no signs of growth and the surface of the
P clunps remained very flat but the cells were still milky white in
colour. A similar response was observed with cell spread over a
filter. However, small raised lumps were observed on the surface on
all filters but these did not develop further into colonies and were
‘evidently comprised of the larger cell aggregates from a nmixed

20
population of sizes typical in BMS suspensions.

Samples were taken from the clumps of cells on all levels of

cyanamide for observation under a light microscope. With increasing

levels of cyanamide there were increasing numbers of dead cells where
25 the cell contents had shrunk away from the cell wall, and an increase

in the number of dark bodied starch grains. Cells were observed

resuspended in water and with FDA stain under UV light.
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30

with cell
Approx 15-20%
I ncreasing nu

Appr ox 50% dead

Striking differences fromcontrol

Accunul at ivah of¥fge3s r Ch grains.
contents shrunk away from cel

cells.

Dead cells
PCT/EP98/02979

Quite different to 30.

wal | .
50

3d-s, -
ﬁ%%r cﬁ dead cells and accunul ation of starch grains.

100 Majority of cell dead.

Smal | cl ear sﬁ

he ICyaramideljeeet t 5]
Cel | s decr easi '

ng_in (gl

possi bly ol | drophsématieneunul at 1 ng 1 n cel
: Approx 90% dead.

150 \Y%:
appear darker
phenol s.

in col o\ due t

|_Normdl healthy cells with occasional dead cells.
8

Cells

SWH}FS%HO of st
048 chinp of dead aed 2y
Apprf)xS"zo aeFFIW o coos

%%égwgégélegn?n clunp §f

dead cells.

The experi nent
20, 30, 40, 5¢
were simlar t
in clunmps a sl} ght
concentration jof 20 ng/l cyan
outgrowi ng fr '10 et
concentrations] (<50 ng
hei ght (decre
cl unps showed
over the surf
that at a concentration of 10

30
was repeated w
, 60, 70, 80, 9

refucti on

) the
ing with highe
sl i ght orange

(appr oxi mat el y] doubl i ng of t h¢
concentrationsf of 20 ng/|

Ty ry - =J070 UUCIL:
Spking dilrences PO s e O T of 0. 10, 5
D Dadd@el 5 @6Gth 68 contéysanrask avay &b cdllesan) t S
b Apprpolse20%desd, for the cells adaregated

Quitprdifforent 108& seen at. 10 ng/l. Froma
g qupiof dead el prd FRIMU ARG stgeh grains

1 - o :
S ot A 00, G o o
A 0% dead. The results with cells sprg

gr ow h.

The experiment was

20, 30, 40, 50, 60

e of tH@ agar ¢ Majornitytofieells dead. filters were simlar In
s appeprcdanket imcolodr due to accumulatignepif stargjy gsaipsiand
p P er of. original cells), while
and | ig Ygg?_g%iﬂet"gc&‘mp of deadcells; j i { ed si gns of
—— -3t

repeated with cyanamide concentrations of 0, 10,

. 70, 80, 90 and 100 mg/l cyanamid. The results

were similar to those described above, i.e. for the cells aggregated

in clumps a slight

reduction in growth was seen at 10 mg/l. From a

concentration of 20 mg/l cyanamide on the cell clumps showed no

outgrowing from th
10

concentrations (<5

height (decreasing

clumps showed a sl

eir original outline, but at the lower
0 mg/l) the cell clumps showed an increase in
with higher concentrations). Above 50 mg/l the

ight orange tinge.

The results with cells spread over the surface of the agar or on the

filters were simil
15

slight growth (app

cells), while at ¢

limited signs of g

ar in that at a concentration of 10 mg/l showed a
roximately doubling of the number of original
oncentrations of 20 mg/l and higher exhibited

rowth.
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Examl e 8 Kill curves in banana (Misa)

To test the potential of cyanam de as a sel ection agent for '

t ransf or rw0I9848023 banana two kill curves were set up W th apcr/EPesn297e
regener abl e enbryogeni ¢ suspension of Grand nain 6 day old 5
enbryogeni ¢ suspensi on (Ed6b) cul ture subbed routinely in M 2,4D
liquid, containing 4.32 g/l M5 salts, %%W&Tgcrose ~standard 1x
concn. Ms vitamins, 100ngy/| g ghiwee 10 Bikddna
ng/l biotin, 100ng/| malt extract at pH 5.3 and added af ter
aut ocl avi ng 1TonYfst Sherpreptdad. o ryrnamife |a§r anfeleption agentofipf yres were
si eved (>250[ r uot s of ap O[.err.

si eved cul turggé%ﬁg%%%?% aﬁ%%e%%{?qiﬁi T V\‘fvser‘“g:'rg eqzt Lg 5ht% two Kill
curve nedi a asege@iesrabbsl ehbtybiehnic rsapﬁedmbnm:at;ﬁana Qﬁﬁ 6 @a@lo?at h and
survi vald were nonitored over the followi ng 3 weeks and cell survival
assessed af t eerbryaggyic \ﬁpapqr@Aogt@dﬁbhgmltures. subbeg| yquedpelye iVl Andn

M2/ M5/ 1.0 2,4-D I\/Q/NB/24
pi cl oram and w}im&’?gf?ma&fl? ﬁp& #éﬁn 6g%/r‘9bts§§r°se’ Stan%?ﬁdeq?‘ag?d

di vi sion and gba¥t huefvﬁmiwg@amﬁg/@aéimmmt 1060 tng? MH)e08nositor, 100Ki ||
Curve MediumB : M2/SH O0.SPic, 0.5 2,4-D (as M2/ M5/ 2, 4-D except 20
only 0.5 ng/| =@&/4-Hiokiml (OGmgv}/ halt ekbraaty aSlitsal andladieg/ dftepnst ead

of MS, + 2.25 g/l-gelrite s medi um pronptes the early
g U

devel opggnt o 6’%9\&1%8?\’%31‘14%%& B9/ AN G APhat ed by

types, after Abtomia e Sre s 2o <TiGITIAE ER Bt WH ekl SO e
0, 20, 30, 50, 75 sl@@edl_iﬂlﬁtg;d in 3004l voluméefr ES@hﬁSwé}d’eEptmteﬁedmbntﬂaahiH 10,
where the figures on cell row h are approxi mate vi sual estinates,
not precise mMEXSVR Sipght saspfletailed begl°EaH FEPY SNt atthe RS H TGN~ cant
vi sual browni u C n

concent rat 1 onetsp e uEE] EBnieorea oyes Rl 81 FRARS O RN A St hlsyivar

grow ng, ‘W th £ekbsel uESézomtkﬁyragva' @®hVstaining. i nhibited. Cyananide
inhibitdSthe growth of enbryogenic callus by 40-

100

Kill Curve Medium A : M2/MS/1.0 2,4-D (as M2/MS/2,4-D except only 1.0
mg/l 2,4-D, no picloram and +2.25 g/l gelrité):.this medium promotes
the rapid division and growth of eﬁbryogenic callus, but not embryos.

- Kill Curve Medium B : M2/SH/0.SPic, 0.5 2,4-D (as M2/MS/2,4-D except
only 0.5 mg/l 2,4-D and 0.5 mg/l picloram, SH salts (4.32g/l)} instead
of MS, + 2.25 g/l gelrite): This medium promotes the early
development of embryos which can be matured and germinated by
transfer to alternative media.

05 Cyanamide was added to both media types, after autoclaving, to
concentrations of 0,20,30,50,75,100,150 mg/1.
The results are depicted in Table 10, where the figures on cell
growth are approximate visual estimates, not precise measurements of
callus volume. There is no significant visual browning of cultures

20 and release of phenolics until concentrations of >75 mg/l. Generally

cultures just stop growing, with cell division being widely

inhibited. Cyanamide inhibits the growth of embryogenic callus by 40-

32



32 50% at even | ow concentrations of 20ng/l, w thout causi ng

signifi cg&; vi sual damage. Enbryogenesis vvas totall %ﬁ@ 90&3@3

t he | owe 98148023 concentration tested here. Ta)t?l ) ults
of cyanam de concentrations on banana cell cul ture Medi um
Cyanani de S0% pryeven low cgﬁ&gﬁry:ggtzons of C9rg{jls without causing significant
Concentra cells as
assessed by s(averag

gf Emlk::%y%nes:.s was Cgo(e%.ﬂ/ inhibited at the 10'2%%; tion

M2/ M5/ 2, 4-D concentQat:.on tested Yn¥e. N A +100%
Me/ Ms/ 2, 4-D 60% N A +30%
M/ MS/ 2, 4-D 30 50% N A +20%
M2/ MBS/ 2, 4-D 50 20% N A . 0
%; ﬁ; %: 2:8 Table %gO Results oflcgé)namlde conce%:ﬁations on bag%:a cell culture.
M2/ MBS/ 2, 4- D Meli@gm Cyanadee $ Live VA Enbryos G callus
M/ SH/ 0. 5Pi ¢ 0 concenPP0 cells as O1 rFormea N Arowtn - +0.5
2,4-D M2/ SH 0. 5Pi C tion 2Qssessed by SQfferage) 0 N A
+0.5 2,4-D M2/ SH 0. 5Pi ¢ FDa30 40% 0
N A +0.5 2,4-D M2/ SH 0. 5Pi ¢ 50 30%
0 N M2/Ms/72,4-D +0. 30 2,4-D  95% MN/BH 0. 5Pi ¢100% 75
20% 0 N A +0.5 2,4-D M2/ SH 0. 5Pi ¢
100 1098/MS/2,4-D (0 20 NEO® N/ALQ. 5 2 43pF
M2/ SH 0. 5Pi ¢ 150 0 0 N A +0.5
2 4-D M2/M5/2,4-D 30 50% N/A +20%
M2/MS/2,4-D 50 20% N/A 0
M2/MS/2,4-D 75 10% N/A 0
M2/MS/2,4-D 100 10% N/A 0
M2/MS/2,4-D 150 0 N/A 0
M2/SH/0.5Pic 0 95% . 51 N/A
+0.5 2,4-D
M2/SH/0.5Pic 20 ' 50% 0 N/A
+0.5 2,4-D '
M2/SH/0.5Pic 30 40% 0 N/A
+0.5 2,4-D
M2/SH/0.5Pic 50 30% 0 N/A
+0.5 2,4-D
M2/SH/0.5Pic 75 20% 0 N/A
+0.5 2,4-D
M2/SH/0.5Pic 100 10% 0 N/A
+0.5 2,4-D
M2/8SH/0.5Pic 150 0 0 N/A
+0.5 2,4-D
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33 SEQUENCE LI STI NG (1)

GENERAL | NFORMATION: 5 (i) APPLI CANT: (A) NAME:
MOGEN | n'_twolg_msmmal nv (B) STREET: Ei nst ei mrr€yEPI8/02979
(© CATY: Leiden (E) COUNTRY: The Netherlands 10
(F) POSTAL CODE (ZIP): 2333 CB sEqQuENCE rLisTINGG TELEPHONE:
31-(0) 71- 5258282 (H TELEFAX: 31-(0)71-5221471
(S:EQJE-IGCE;E Zfl)l Nhﬂﬁlr.@m’(o_mgmml:ect i on marker 15 (iii1) NUMBER OF
X I v) COVPUTER READABLE FORM A

MEDI UM TYPE: Fl oppy MEPERKCAND: _ (B) COWPUTER | BM PC conpat i fal )e
(C) OPERATING SYSTEM(APGES MASEMEpternational nv (D) SOFTWARE: Patentln
Bleise O (L ARt 7 (0) | rowTi ol oo
(B) TYPE: nucl eic acil§)3gPUNTRY: The Netherlanfs TR,(AQ?I)EIE)EIESEH ng8| gase pars
(D) TOPBLOGY: Iinear () FOSTAL CODE( (F%P) TYPE: CDNA 35
LVPOTHETI GAL: NO (G) TELEPHONE: S4.¢0) _ - C . (i)

ET CAL: () ToLEehL ity AT Shatam MO (vi) RIGNAL
SOURCE: 40 ?15 NI'SM  Myr ot heci um verrucari a
(ix) FEATURE:  (ii) TrTLE oF INVENTTZON: NWAWELdIE¥tidDRarker (B)
LOCATI QY. 47..782 45 (xi) SEQUENCE DESCRI PTI ON: SEQ DNO  1:

{(iii}) NUMBER OF SEQUENCES: 4 . ‘ :

(iv) COMPUTER READABLE FORM:
{A) MEDIUM TYPE: Floppy disk
20 (B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25 (EPO)

25 {(2) INFORMATION FOR SEQIDNO: 1:
(i) SEQUENCE CHARACTERISTICS:
{3) LENGTH: 900 base pairs
(B) TYPE: nucleic acid
30 (C) STRANDEDNESS: double
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA .
35 (iii) HYPOTHETICAL: NO

(iii) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
40 (A) ORGANISM: Myrothecium verrucaria

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 47..782

® (xi) SEQUENCE DESCRIPTiON: SEQIDNO: 1:
GTACGATCCT ACTTCCTCGC TTATCTGCTC TAAACGATTC AACAAG ATG TCT TCT
50 > ' Met Ser Ser
1
TCA GAA GTC AAA GCC AAC GGA TGG ACT GCC GTT CCA GTC AGC GCA ARG
55 ;2: Glu Val Lys Ala Asn Gly Trp Thr Ala Val Pro Val Ser Ala Lys

5 10 15

GCC ATT GTT GAC TCC CTG GGA AAG CTT GGT GAT GTC TCC TCA TAT TCT
151
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GTACGATCCT ACTTCCTCGC TTATCTGCTC TAAACGATTC AACAAG ATG TCT TCT 55
50

r Ser
1 WO, 1 AA GOC AAC GBA TGG ACT GCC GIT CCA GFE AAG
103 55 Ser Qu Val Lys Ala Asn Gy Trp Thr Ala Val Pro Val Ser Al a Lys
5 Ala Ile Y@l Asp Ser Leu Gly Lys L8u Gly Asp ValgFerASdr @¥¥ S8&C TCC CTG
GGA AAG CTT G&F¥ GAT GIC TCC TCR® TAT TCT 30151 35
34 Ala |le Val co Ser Leu GyMg/s Leu GX 8 Val Ser Ser
Tyr AA GAf ATC GCG TTC CJ-GCG GCA GAC CTT GTJGCC GAG GCA

35 GT 5 C GAG GCA 5
199 Valé A#E% %:prﬁe r%?%la%ga%g % I"I%'Av%al_e i%-[: 2 du Aa
40 . CAGGCCTT"Ii GIG AAG CCC
CGA TTG AGT (G WTMQ'IEQ\M&Q%Q FR@A&@ cce 88 acc Tac AP cﬁlcard?:he val Lys
Al a Argideu Sar Pro Gu Thr Tyr Asn His Ser

60 Gln Ala PA@ Val Lys M QAgEeGEEr TH EAC TE%‘ﬁGAsA@QsCE'& ATC GCG
AGA CGT TTA CIT CCC 15 55295 Met Aeg Val Phe Tyr Trps@y Thr Val Ile
Ala Arg Arg Leu Leu Pro 70 75 _
80 GAGTCALCGTT AP TAC TREGCRCACCGARCASTE SCA ARBG@CATERSTAGK TGT CTT
20 343 235 Gu dn Ala Lys Asp Leu Ser Pro Ser Thr Trp Ala Leu Thr Cys
Leu Met Arg Val Phe Tyr Trp Gly gbr Val Ile Ala Arg Arg §su Leu Pro CTG CAT

GAC GTT GGT ACT &G GRG aca TAC TTT AEA TCT ACA cca ATE 25 39 Leu
H s Asp Val Thr Al a Ala Tyr Phe Thr Ser Thr Ar 100

105 20, Gt LK foo"“‘g oAt e #r coA Af 5ACA T66 Gcfc%‘g"r@cfﬁ ‘A?*r TAC GGT
GaC ATTAAG c%:ﬁ c reRhg dsp 1le
CC ATTG Gl (16 AT REIC 06 F1E A0 my 43 e s s Bl

5 Leu 5 120
125 130 T GG AGT AGC ACC GAC CAG GCT GAG GCT GIT

GCC GAG GCC Adfe ALT Gz crr 48F act cee ch€lecH N‘ACSQ-&TSQ:FA T&F Mapcdd Brdl a G u
Ala Val 28la Gap Ala lle lle 13 140

145 Qs G4 AspGrOABLGhrGRoa GIA IGATTﬁB@hAAﬁxAI& AGA ArECMeHC GGT CAG

40 535 100 Arg His Gu Als Val Gy Val A3pod@y Asn |le Thei®he Leu
Ay dn

TCC TTC GAT ATT TAC GGT GGC ATT AAG GCT ATG GAG GTG CTC AAG GTC
30 439

Ser Phe Asp Ile Tyr Gly Gly Ile Lys Ala Met Glu Val Leu Lys Val
120 _ ' 125 130

CTT GGG AGT AGC ACC GAC CAG GCT GAG GCT GTT GCC GAG GCC ATC ATT
35 487

Leu Gly Ser Ser Thr Asp Gln Ala Glu Ala Val Ala Glu Ala Ile Ile
135 140 145

CGT CAT GAG GAT GTG GGG GTA GAT GGC AAC ATC ACA TTC CTC GGT CAG
40 535

Arg His Glu Asp Val Gly Val Asp Gly Asn Ile Thr Phe Leu Gly Gln
150 155 160

TTG ATC CAG CTG GCT ACG CTT TAT GAC AAT GTC GGG GCC TAC GAT GGG
45 583

Leu Tle Gln Leu Ala Thr Leu Tyr Asp Asn Val Gly Ala Tyr Asp Gly
165 170 175 !

ATT GAT GAT TTT GGT AGC TGG GTT GAT GAC ACC ACA CGC AAC AGT ATC
50 631

Ile Asp Asp Phe Gly Ser Trp Val Asp Asp Thr Thr Arg Asn Ser Ile
180 185 190 195

AAC ACG GCA TTC CCA CGA CAT GGT TGG TGT TCT TGG TTT GCC TGC ACG
55 679

Asn Thr Ala Phe Pro Arg His Gly Trp Cys Ser Trp Phe Ala Cys Thr
200 205 210
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150 155 160 TTG ATC CAG CTG GCT ACG

CTT TAT GAC AAT GIC GGG GCC TAC GAT GGG 45 583 Leu lle Gln Léu
Ala Thr LeWOPSM8N3p Asn Val Ay Ala Tyr Asp Ay ¥ SrmEpY

170 175 ATT GAT GAT TTT GGI' AGC TGG GIT GAT GAC ACC
ACA CGC AAC 1 r-val Asp
psp Thr Thr %r% (%S-ECA% <§>§ AGT AAC Igé,J Ecf e R ERE AGhY. CgﬁeEAJﬁc

190 Val Arg Lg@sem 1y sex AR AYECRETAD T ORM Gah ﬁ&mgs&lzes TGT TCT
TGG TTT GCC TGC ACG 55215 679 Aspadhr ‘Al'a Phe Proayg His Gy Trp
Cys Ser §lrp Phe Ala Cys Thr - 200 205
210 CCT CAG TTC GAT AAA CAG ATG GAA GCG AAC AGHSTTG ATG AAG ccT 166 GIT CGT
AAG GAA GAA AGF AAC AAG CCT TGG TGC CAC ACA ACG CAT ATC 727 Val
Arg Lys G u (@ne Sk PAsrhspykysPGin Tet G AMa AsSThThiTheu Hjes Lys Pro Trp

215 2390 235 225 5 3P CAG TTC GAT AAA CAG
ATG GAA“CCG AAC ACT TTG ATG AAG CCT TGG 775 Pro dn Phe Asp Lys
Gn Mt Gu /gﬁg R CTRFTASTAAG CAGRROABRTY, TTRGFCCGGT AGCTATAGAT GPQECTGE

235 240 10 GAG TAA C TCTGAGTAAG CAGAGAATAT TTAGCCGGGT
AGCTATAGAT GARTCTRGAC 832 Gu * 245 15 |
AAATTCA ACATTTGGTT TCACGATACA GGTATTGGAA ATAGCTTGCA GGAAGGTATC 892
ATGTCAAC 20 c A -r U

(1) SEcUencE RRSRE R arager® reARHAA LElCR RN pB0eme, aci as
(B) TYPE: am no acid (D) TCPO_OGY i near 30 (1)
MOLECULE TYPEaTgremiei n (xi) SEQUENCE DESCRI PTI ON: SEQ DNO 2:

Met Ser 2Ger S0 A u Val Lys Ala Asn Ay Trp Thr Ala Val Pro Val

(2) INFORMATION FOR SEQIDNO: 2:
25 (1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 245 amino acids
{B) TYPE: amino acid
(D) TOPOLOGY: linear
30 (ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQIDNO: 2:

. Met Ser Ser Ser Glu Val Lys Ala Asn Gly Trp Thr Ala Val Pro Val

35 1 5 10 15
Ser Ala Lys Ala Ile Val Asp Ser Leu Gly Lys Leu Gly Asp Val Sex
20 25 30
40 Ser Tyr Ser Val Glu Asp Ile Ala Phe Pro Ala Ala Asp Lys Leu Val
35 40 45
Ala Glu Ala Gln Ala Phe Val Lys Ala Arg Leu Ser Pro Glu Thr Tyr
50 S5 60
45 '
Asn His Ser Met Arg Val Phe Tyr Trp Gly Thr Val Ile Ala Arg Arg
65 70 _ 75 80
Leu Leu Pro Glu Gln Ala Lys Asp Leu Ser Pro Ser Thr Trp Ala Leu
50 85 90 95
Thr Cys Leu Leu His Asp Val Gly Thr Ala Glu Ala Tyr Phe Thr Ser
100 _ 105 110
55 = Thr Arg Met Ser Phe Asp Ile Tyr Gly Gly Ile Lys Ala Met Glu Val
115 120 125

Leu Lys Val Leu Gly Ser Ser Thr Asp Gln Ala Glu Ala val Ala Glu
130 135 140
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35 1 5 10 15

Ser Ala L e Val Asp Ser Leu Ay Lys Leu Ay Asp Val _Ser

20 %"Ag’&"&; 25 30 40  Ser Tyr SEHCHERS@HIAsp
Ile Ala Phe Pro Ala Ala Asp Lys Leu Val 35

40 Ala Ile I45 Arg His GlAlzaspGval Alg VAinady &1PhesnValelnsts Bha Arg Leu
Ser Pro A u W& Tyr 15050 155 55 160 60
45 Asn H's Ser Met Arg Val Phe Tyr Trp Gy Thr Val Ile Ala Arg Arg
65 Leu Gly G}p Leu Ile Gln Leu Ala Thry Leu Tyr Asp Asn Val GlgpaAla Leu
Leu ProXdu Gn Ala Lys AspSteu Ser Pro Ser“lanr Trp Ala Leu 56

85 L u Hs As
Val Gy Thr AYX ¥R i?’all’GyPSIPWEPT'FHe §& sex Trp val asp'Kip 9[’Sl § AT P

105 110%%5  Thr Arg MEP ser Phe Asp 11%8°Tyr Ay Ay Ile
Lys Al adet Ciéh ¥al 1, hr Ala_phel 1y Trp Cys &dr Trp Phe

125 Leu Lys 1\3{5 Al lEslAyaSgr 8h AI""ﬁrHls 5 an” Clés QU Aa Val Ala Gu
130

Bﬁ ] A11a4gys A:lha HleAH; eyl GlelﬁuQét Asp Lyal pid yi%/giysAsxs ghy Asn lle
Thr Phe 10 220

160 15 Leu Ay G@n Leu_IIeGIn LeuAIaThr Leu Tyr Asp Asn Val dy Ala
5 Thr His Ile]B¥p Gln Phe Asp Lys Gln]lMét Glu Ala Asn Thr Leu Mg

Tyr Asp Ay 123 Asp Asp Phe A3B0Ser Trp Val As@3Bsp Thr Thr Arg240

180 185 190 10 Asn Ser Ile Asn Thr Al a
Phe Pro g H¥s &9 TrPpS¥Yys *Ser Trp Phe 195

200 205 245 Ala Cys Thr Val Arg Lys Gu G u Ser Asn Lys
Pro Trp Cys H| 215 220
15 Thr s -EPFOR%%OBQFORP%%QQRgp Lys Gn Mt Au Ala Asn Thr Leu Met
225 235 240 Lys

(i) UENCE CHARACTERISTIC
Pro Trpaglu * 20 25%(%, LENGTH: 43 bosddfire (2) | NFORMATI ON FOR
SEQ DNO.  3: (B) fveE: SREIENCE \RACTERI STI CS: 25 (A

LENGTH: 43 base pairs (c) sTRanpEDNESS: singB@ TYPE: nucleic acid
(C) STRANDEDNESS: si ngio¢ TOPOLOGY: linear (D) TOPOLOGY: |i near

30 {ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQIDNO: 3:
35 S
ACCGAGCTCG AATTCGGCAC GAGGTTGACA TGATACCTTC CTG
43

(2) INFORMATION FOR SEQIDNO: 4:
40
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 42 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
45 (D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
50
(xi) SEQUENCE DESCRIPTION: SEQIDNO: 4:

GACCTCGAGA ATTCGGCACG AGGTACGATC CTACTTCCTC GC
42

37



30 (ii) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO

(xi) SEQUENCE DESCRI PTI ON: SEQ DNO 3: 35 ACCGAGCTCG AATTCGGCAC
GAGGTTGACNOTRBABBICTTC CTG 43 (2) | NFORVATI ONpCHRPOSEIFNO. 4.

40 (1) SEQUENCE CHARACTERI STI CS: (A) LENGTH:

42 base pairs (B) TYPEsy{wicd €1 C acid —rm—— —_ (9
STRANDEDNESS: si ngl e 45 (D) TOPOLOGY: |i near (i)
MOLECULE TYPE: cDNA (iii1) HYPOTHETI CAL: NO 50 (X ]
SEQUENCE DESCRI PTI ON:  SEQ DNO  4: GACCT

AGGTACGATC CHUMTTTGGICB£38yanam;de hydratase as a selection marker.

37 1. Use of cyanam de hydratase as a selectio
Use of Ayanami de hydratase as a sel ection marker in plant transf or mat i on

experiments. 5. 3. yge bi5@yRfanfibai iPaatiNALAG gsie%%@omaua@é ihhgiaRkants are

transformed with a nucl eotide sequence coding for cyanam de .
hydr at ase. transforpaeicyf exgexiimed:s.char acteri sed in that the nucleotide
sequence as depicted in SEQ DNO 1 is used. 5. Met hod for the
sel ection of transforned plants conprising: a. constructing a vector

conprising aodi ipesefjdabe 2f'o¢ha;yanewﬁseé imy thatt 4be plants agadtzang Eomnedf
| nteresiy b sthA0SKAT HINGe SAIHN LRl 0c B AL Dundhe AAALLPAT LS OF plant

cells, and c. gr ow ng sai rans m conpri si ng
cyanani de.
4, Use of claim 3, characterised in that the nucleotide sequence as
depicted in SEQIDNO:1 is used.
15 5. Method for the selection of transformed plants comprising:
a. constructing a vector comprising a coding sequence for cyanamide
.hydratase and a gene of interest
b. transforming said vector to plants or plant parts or plant
cells, and
20 c. growing said transformants in a medium comprising cyanamide.
6. Method according to claim 5, characterized in that the
nucleotide sequence of SEQIDNO:1 is used.

25 7. Use of cyanamide for the selection of plants transformed with a
vector comprising a nucleotide sequence coding for cyanamide
hydratase.

8. Expression cassette comprising a nucleotide sequence coding for
30 cyanamide hydratase and a gene of interest.
9. Vector comprising an expression cassette according to claim 8.
10. Host cell comprising a vector according to claim 9.
35
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6. Met hod -according to claim5, characterized in that the nucl eotide

sequence SEQ DNO 1 is used. 7. Use of cyanam ger.
sel ection &”&sg{ﬁts transforned with a vector conpri s?ng a nucl eotl de
sequence coding for cyanani de hydratase. 8. Expressi on cassette

conpri sing a QuC! oLl SCANRRARS i Ad1hOlo, CUARARAS thar. 1c BYdratase and a
gene of interest. Vect or conpri st ng an expr essi on cassette

accordi ng to Agrabagt®rium.10. Host cell conprising a vector according to
claim?9. 11. Host cell according to claim 10, characterized in
that the host cell is Agrobacterium . 12. Plant transfornmed with
a vector accorali ngplantct@nafdmed Widh a vecher acrerdihgr e @B $3i ng a host.
cell wal I according to claim 11.

13. Plant transformed by using a host cell wall according to claim

11.

————
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