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Agrobacteritum nedi ated Transformati on of Cotton Using Petiole Explants
Techical Field 5 The present invention relates to the general field of
geneti c engime@reg of plants, in particular to the introdusconewoss
exogenous genetic material into cotton by Agrobacteriumtransformation of
cotton petiole explants foll owed by somatic enbryo regeneration. 10
Background Cotton is one of the nost val uable and wi dely grown cash crops
internatio nual production worldwi de is aver 100 mllion bales
val ued at g@@mmmmnmmm . Asia is the biggest cotton 15 production area,
wth four ve world top cotton producers located in this region
Cotton is not O™t he nain supporter for the textile industry, but it also
provi des a huge and profitable nmarket for manufacturers of chem cals for
weed, di sease and pest 20 control. There are diverse opportunities for
cotton nol ecul ar inprovenent, including inprovenent of yield and fiber
quality and creation of new varieties that are resistant to herbicides,

i nsects, nemat odes and di seases (Steward, 1997.). 25 TisSUe Cul ture of
Cotton: In 1935, Skovsted reported the first enbryo culture of cotton.
Beasl ey - WD 00J77230 2 PCT/ S(29/00058 (1971) reported callus formation
in cotton as an outgr } end . ilized ovules on
Mur ashi ge & Skoog (Né?ﬁﬁgg?E%Ei%£§¥£%é%ggﬁ§g%§§%% g?élégééachieved froma
suspension culture of S G Kl 952581 PRYBIL A a&emm th, 1979) . In 1983,
Davidonis & Ham lton first succeeded 1n efficient and repeatable
regeneration of cotton (G hirsutumlL.) plants fromcallus after two-year
cul tivation. Tgehh0ta DI miHIZ were sine regenerated through somatic 10

enbryogenesis from different .explants ng ~ F , 1992: Zhan 1994)

i ncludiﬁg cotyl ed e(ﬁfﬁﬁ?ﬁ%nﬁgnggé?P,é%ig%%é ﬁ&V%g%nPE“Qr?bn£$% , 19B3;
Fi ner, 1988: oFi gedehiradnginegring1087p}amypociat WartCoudanstettlad ., 1991t
Rangan & Zavgharod98Q oy L,&s , | Lodes,, & Goodi n,
1988t Unbeckqg? alg 19B7, %355?5825eﬁ%f%ﬁ%%nﬁ$%§%a§?.?3%89%; Bé}aj et al.,
1989; Chen, &Y Aprohagteriym, trapsiarpatiomaf) coliken: PABeR1¢Baj aj et al .,
1985t Goul d ekpahnts 195 owBdr BV sEmSbLE eriirycl HBGenerbBIBAUr € embryo
(Beasl ey, 1971; Stewart 20 & Hsu, 1977, 1978), petiole (Finer & Smth,

1984: CGavel et al., 1986; Gavel & Robacker, 1990), l|leaf (Finer & Smth,
1984: GQWgI.B&QEENQEMér, 1986) , root (Chen & Xia, 1991; Kuo et al., 1989),
cal lus (Finer & Medihdenis b00rTeRL i MESE Ri1ble 2931%:a0¢) prot opl ast

(Chen et 25 al_ . |, 1%89) .__Transforpati on of cotton: Agrobacterium nediated
col I on transP5PHRL PN VeiPRS AOLeFBRbT PR decade 238883 t h hypocotyl and
cotyl edon as perphabhicn (Wrlcvideaby eternl 100 Ml iocdnbatksetathed 1987).

ceveral Uselul Agegensenono DagRal Bl edliGad dlo geten via

Agrobact eri um nedr at e ransformation, 1nc inse and herbi ci de
resi st diice g@FeguecPen Acea, alth £990: oyt f fdae epraf. topogattathen et al .,

1999) . Expl apirdducers located in this region. Cotton is not only
the main supporter for the textile industry, but it
also provides a huge and profitable market for
manufacturers of chemlcals for weed, disease and pest

20 contrel. There are diverse opportunities for cotton
molecular improvement, including improvement of yield
and fiber quality and creation of new varieties that
are resistant to herbicides, insects, nematodes and
diseases (Steward, 1991).

25 Tissue Culture of Cotton: In 193S, Skovsted
reported the first embryo culture of cotton, Beasley
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WO 001 77230 3 PCT/ S@&9/ 00058 (such as hypocotyl, cotyl edon, callus
generated from hypocotyl and cotyl edon, as well as inmature enbryos) have
been used for Agrobacterium nmedi ated transformation and particle

_ borbar dmenyoose2fr anond et 5 ai., 1.983; Finer & McMil| eRCT/SEIQ0058
Firoozabady et al., 1987; Perlak et al., 1990; Rangan & Raj asekaran, 1996:
Raj asekaran et al., 1996; Trolinder etpal., 1991; Urbeck et al., 1987,

1989, 1992). In addition, neristematic tissue of excised enbryonic axes has

al so 10 been(user) prmhaoaauaﬂsfammnlhyc@af&ﬁCA@ dwonbar dment (Chl an
et al., 1995

Zhou et al. ‘E"ig)Ohnw‘ih %%s?f“ogﬁedmfb'(?eéyl&%r& ef‘ 8&%&% %/ar tulll%gl !in T

pl acent a oneodalyuﬁt-‘ﬂmg%ﬂ Skpog | (M umdlu!n‘s Heematic the transfor rratl on
rates were ggg gé&ahésqw wadNGERGldP Brelh LOsdl %@&. WA logler © Used
Zabab

as expl ant Cousins e ] asekar an et

( 7,
al ., 19%86). &- sl‘b?u’r"fﬁ"é’dﬁ‘t"l“? I‘a?ﬁh‘é‘? Qr%ﬁ’or%ﬁf’?bn efi i H&hcy, up to 80%

was 2U repor pggidbeis GOotumedesn WBsrats ethcateasll ante ik idi® @ny gene
encodi ng oct opi ne nt het ase u as_the reporter gene (Fi roozababy et al.

d
1987). HowevEFPeR J\paﬁeg%rgﬁ PR {DDiTRFERE AGneRkEFUEM L-dansfornation is
quest i onabl ephants sirouc rapilng aﬁSebaam-fymmdcumtswenal 2% oyrant speci es
?\e/\;stnglt anZlI lnloi%%{lgsnsf sglrnftgx LQ%S&%E%&% r%ghtgec ﬁfl reg?)ort i ndi cat ed
that the traambnymnmseiftpml dhffexdnt gxplleadba WebardutFez®,t o 30%
(cousins et gbgy, 1&%1&9;, E@@4§r§ﬂéi@am c?l‘.(y%Qdemf'(ﬁé@{%ﬁiV@%teven | over

when partlcle onbard was use eller et al., 1997). A

di fference if thel?%/"peD@F’ d@?fyi’aﬁt'éa’&’s’é'd"T'orlgﬁﬁan’é'*%?’Fr'atJiW'coul d Have a
significant efitestalsaiy ke elll|ciesty, dypodd®yQ0[(Edesingd HLCHISGE9/ 00058
transfornmati nd, regenerati g S eenr ported,, for exanple, that
for reduci ng(I?g?Se ap ?’t r&vetat ranéf%?ér.'r%nt a“9€8t§ R%I?)as%s Falvphet t er expl ant

t han hysocot {P8@onTXH inglerasalpodinal 1988/98mpeck €otabiny th%¥sf or mati on al so
i s highly deesaa?nts«% g@neyReet T5D! ] rncbey“o, %8?53 e 986,, Wgdg;nder &

Goodi n, 1987, 196B8a, 1988h: Trol i nder -~ 9). Apart froma few

cultivars whFbEnaret fdgerddBdp E1apH ‘Er%ﬁi‘stl*br H‘ﬂﬂf‘é %‘Ei?:‘ht FPossypi um
hi rsutum cv. (Gakei &X1Z1LQ anEsE Gbulswstuml.Ti 19%1; nDetadt her | rrportant

elite comer | t4 gt e,-
hi rsutum cv. g%ﬁ%?é%ﬁ aln 1 é‘?‘gﬁtﬁ]g regeérpera teg%gﬁhd% é‘ormabl e by these
met hod20 The &aBsanck ok, d%agh eprielen@insiraft Shétenek 4 oFavethod has

been 15 regapdedias PG @awabskarbBadiker,ha o3pp i CahtOlFiHer &
Agr obacteriu Gawel et al | 986;

d transfor t on
Fi r oozabady éf“iﬁﬁ a{§%7)6a éuﬁgg?@afglfeﬁ'hé%}“ﬁge %PSY\ YPW e & t he
probl ens assacBat esuavidth 820 ,pAe8Bbustalepdittiadrnet Hodsl lean, ef fi ci ent
transformati I g Qg . peti a }pﬁf ydevel oped,
along with aqggt8 S?F%%rrfdggf)g%d?ggfyi)#%p)r ga\;ng(;p?négl:gﬂﬁ_ﬂ h%od provi des
sever al2%advantages®$$ conpari son to the hypocotyl and cotyl edon 25 net hods:

(1) explants arc @msﬁ&r@tth@hnof(a&,twansfz;yﬁmtab@ereﬁxﬁhﬁé&ruwm s higher:

(3) Agrobacteri em contanjnation is veH(%sr & ef fici ecpcy in

regener at i on S EANgHEFDS &3P Kas i F&W F&fsf ot e doiP 9%

regeneration w&fthph;xm:tcmysl iandr edtygdedoBCashexplenten (Fareetapy i . e. Coker

312 and Si - Mgn gy@, b%e%l,{cggsg{_ul Iygi;{)ansggggggl%ggglhl s method, and
fro

nore than 30 |n3epen ent transgenic |1 nes
30 genes have been introduced into cotton via

Agrobacterium-mediated transformation, including insect
and herbicide resigtance genes (Perlak et al., 1990;
Trolinder et al., 1991; Chen et al., 1994). Explants



WO 00l 77230 5 PGT/ SG9100058 Coker 312 showi ng strong activity, of the

mar ker transgene have been obtained. This nethod is applicable to other
cotton varieties such as Jin 7 and Ji 713 from China, Siokra 1-3 {rom
Austral i a,wda®7712® Coker 201 and Coker 310 fromthe U.S. AU i on on of
the figure Figure 1 shows the plasm d pBl 121GEP, containing GFP as the
reporter gene and the NPT Il (neonycif phosphotransferase) gene as a

sel ect abl e marker, used 10 fox Agrobacterium nedi ated transformati on of

cotton peti ebecRCEONptEoll heotPlénsls @a1hle §essfited et i on. Detail ed

Description_ An efficien thod is discl.gsed for_geneti ¢ 15 transformation
of cotton pﬁ‘%‘f’?"?)ﬁ%ﬁﬁﬂt ﬁg’%ﬁ?g% i Fede siaﬁgi%?gbﬂe 3% as an expl ant .
By using pehawvé eoewplumeds Loyl agrabsetexﬁuni—mpdﬁ_aew nmedi a, transformation

effi clency | 2.k Bhid G |%a®IPLEET UMhRRANLAI® (S8UH Sthd AP _
transformation to regeneratioh Is shortened I'n congarl son to previously

report & nmethodsidByi Fineg ShMchel ems 1820 hELippezabady mterddi-on, the

whol e processsf § ose AXIORACKHE! |, UNB$6 ANEINYaR kI RAJ L e kdiEard CARIYRY;at i on of
transgenic plantlets can take nmont hs.  The reported hypocot yl

t 6-7 ..
and cotyl edBRIMREFRERD &F ddual ?éf)gg’éq'{ﬁcflé‘d‘d?-”geﬁnﬂ%hs Y12} onger to conplete
t he sane prusessk (€Eousl.ns 1887al 19890AM992ChenTet addtitiamy eport ed

obser vati onge, AROLIM d W o3RA1 B UKL £ad P Wthin] 07 2 QWD L2 STE! |

plantlets to a sul e size for potting In echni ques for

i nt r od@ci ngbesvgesriist e FOSLPAt BraptFMtéernubYspe¥tieka they will be
transf er r edp&hp&tdment\Q /a7 80a . PGBQ‘S@?%QQ%B%Q; aJdﬁ{nﬂQ'I or 8' Snt

ti ssue exposed to t \gr obact eri um are - wn jn the art and do not
Formpart o e?%%r'prﬁigeﬁt qcﬁegﬁtf‘o ?rﬁnqlﬁﬁa&\?gﬁgage@i‘&“ t% &e a socal | ed
"di sarmed" sisedn ufanffcdinedt esttom dsy HinjecpliagnDda tred thes a strain or

pl asm d whergin_t S S Sl f [ i.on of the tunor
characteri s%?kéf%fgﬁue crovc\’mg%ggy %%%as%lgtaggég%%@{vérﬁh-type Agrobact eri um
are rdfoved or déeNeVSfat dde KGABFEewbiaRpFrasest were sgeraraddvobact eri um

strains arelbw, f parghind fidom ROt €6 a30% GHedr hgpocBOPB4idre NEFHALQL and pEH 105
So-cal | od bFFEFIbelk o R7BAN <5t ac 74 CaBSLRT Lot 111 sschi I per oort et
al ., 199U, 199%; Reiigrkarapcetoalsysiflal | dwsibonifieumtphy ati on
higher transformation efficiency, up to 80%, was
20 reported when cotyledon was used as explant and the ocs
gene encoding octopine synthetase used as the reporter
gene (FPiroozababy et al., 1987). However, the valldity
of octopine as a marker for transformation is
guestionable because octopine has been found in several
25 plant speciaes certainly not transformed by infection
with A. tumefaciens (Wendt-Gallitelli and Dobrigkeit,
1973). A more recent report indicated that the
transformation efficiency of cotyledon was about 20 to
30¢ (Cousins et al., 1991). The transformation
30 efficlency was even lower when particle bombardment
method was used (Keller et al., 1997). A difference in
the type of explants used for transformation could have

a significant effect on the efficiency of



I5in E coli of the plasmd carrying the exogenous gene to be introduced
into the plant, nmaking the process of vector construction nuch easier to
carry out. Simlarly, vector construction, including the construction of
chimeric géYR¥@HRprising the exogenous 20 gene that one RfESGP¥W05E,
introduce into the plant, can be carrigd out using techni ques well-known in
the art and does not formpart of the present invention. Chineric genes
shoul d conpr it¥@nSFERBRETYN 1304k TREFReTREI MM ¢ y Ity halsebhest réppwtiEdh

expressi on i Fodeskrngle 2 Heyr fexarpdecing fasalpasiageeous to have a series

of Sﬁ| ect abl @ rEBREkBERa RSN, Sﬁ't?w‘ikheﬂlDistiﬁiLﬁt@r”EQp‘(ifﬁMstﬁén v?ri ous stages
in the transform oc . el ectable mgrker or exanple a gene
conferring r;e" S %Eggm?%n a@%ﬁfﬁ%ﬁ%ﬁl'}'c“%uﬂ:‘lﬁ'gg‘gégﬁanyci n, 30 cefotaxinme or
streptoyci n) |inkebted FEssroratiertddee iiF bdohdyi dependentpayuni t

sel ecti on olLgkacotgpea(Txaitimdernglodisa mardes: @Mrodindbéfansésaddiiit s). Anot her

sel ectabl e mapko; %bmk@éd ﬁ%%:ph‘ﬂaisiﬁ&éfvf dHeiPh8he) . KD 77230 -
u . ronoter _or a_7J- pronoter such a
the NPT |1 N%g"%r%mf)?‘gr, %u%gyagﬁ%ﬁﬁsae’feec‘[elgc%‘eﬁabg-?aﬁ%‘?or med plant cells.
The exogenou$*gBAECTARLIG s ek PEdCPBSITRLUhtHgERsEd £Wt Fakrr flant cel |
shoul d 1% conphise.ahpranturdiny 2, phosDidthd sinpdethntaeéliwd ation to the

codi ng sequepgfime$01hNAulIRaREOMRESE £V ISP BRSEPN Olp tdifgene in the
transf or ned gnt.. ﬁgza;&lt Iant-z ctive praonpters, such as the CaMv 35S, the

| ]
NPT || NOS prifoter "of anufpc?f"a ORERY2H 14 i SEGePBTSPEEPIT R Mot ers, are
wel | - known | ARBhETARELERPRIE Byt Fhesofmethadspr oBhragkseremmiera i s wel |
within the ondghaegfs&idrcy plehe asdenditeripiremetho8Ehi®basn be used to.

produce g r ansgghiGed! 20t 1BXRECSBELL Al Mo MWIPSLEt SX0GeNMMIS 15 genes, and
is not limted ﬁene. The sel ect1 on of the desired

by the choice . of such a
exogenous geﬁgrﬁéﬁgga"s'f%—nleﬁé“ésaltﬁ?nﬁ 88 EReFOTEMY RAMSous exanpl es
of desirabl eegepds- t ha§ecditireosabadecetnialr .t A@8Fdesent invention are known
inthe art (e.g., the. famly of 20 Bacillus thuringiensis toxin genes)
her bi ci de regighabseoflaiRs et 8s, shi ki mat e synt hase genes that confer

gl yphosate resi st agge P n 5 8, 642 r a2, 4-D nonooxygenase
gene that confers rgs?‘g#a%éng ?égzﬁﬁ%%%ﬁ (])a%(?ﬁﬁelﬁgﬁga‘éle??c acid (2,4-D). 25

Bayl ey % al Previqnaly SfeReAtedntic BioHs e Prasidirdentyol . 82, pp. G45-99,
mal e sterilityagefieseasicn @yorhdupntesons Paydeds of &h SexfPatrent No.
S, 741, 684 (Falkj BasKidewdloled) , aD¥n§VitH he skitaber aber &£ hdiiryi8et i on

systems descuBedvbd dbdia PATERL NochdD 5 IARIOSCCELLYE ot al ). Cotton

regeneration 1S considered in the art eavl var i ety-d%endant. The

Coker series28V2RbR0H VRSCBPRELSARVES i IYRORRtYS PR rettath
WO 00/ ZBZ30 8ePOTASEOOYI0GE®PEants arc casy to obtain; (2)
transformation efficiency is higher; (3) Agrobacterium

contamination is very rare; (4) efficiency in

Y easy to

regeneration is higher; and (5) the time from

transformation to regeneration of plantlets is reduced.
30 Two cotton varieties, i.e. Coker 312 and Si-Mian 3,

have been successfully transformed with this method,

and more than 30 independent transgenic lines from



transform However, DP 5412, Zhongmain 12 and nmany other varieties still
gave difficulties associated with regeneration. The situation is the sane
for G barbadense and other diploid species. Wile somatic 5 enbryogenesi s
and regene‘;vatoj)/g#:,ulof whol e plants is a highly genotype- depemmstonnooss ocess in
cotton, successful transformation and regeneration of two distinct cotton
varieties, i.e. Coker 312 fromU S. A and Si-Man 3 from China, has been
denonstrated using the methods of 10 the present invention. It this

t herefor believed _that th resent invention has wi de applicability to

t r ansf or mat i K 3&%5?’?@%}?0‘?"’% Gﬁtﬁi"FF85°f Yhe ke i ntegration in the
genone of cotisrisgunedhaed bsen obtmnledds Dhis htetHesa i nvention was 15

confirned usj S a SO b L di jon techniqyes,, as .can
i dentii fi cati?ﬁfglolfctat%fqg (%'g nugrltegegrkt% tc'hgklégéée?tse‘ﬁc indd8nd PRdeach
transgeni ¢ |¥heliSdEopx Ghipray Gidgksrody3 FRem FAustaradiiat.i @25ef transgenic
cotton gan het&stad has theePrReFeedmoththe, §rmnsgene, 20 and inheritance
pattern of the transgene in the F1 generation can be analyzed to confirm
stability and inheritability. As conpared with other reported protocols,
t he cotton tgansf desaicioticyséferbhef fiharsr esent i nvention 25 has hi gher
transformation eff. ciency d rvival rate..This s attribuytable to
several factors. Eflﬁ%fgeip?lgésl"e’n?c%en \étﬁ P%%,p%%%%&eﬂ’mégqﬁgéﬂlgg an expl ant
for transforGER iasn thei FEPPERERr tgaNes abH tbetBPT ekhl recsyedn have signi ficant
effects on tf&ﬁﬁd&h@gg%@&séﬁf a3l LEROSE AT ka2 d yhggener ation

. r

(Firoozabady et "al ., ) nducti on of somatic e ogenesi s from petiole
was rebdrt edf Pr AFEHEICT e X B —ReHETEM £ 8RS frEmat ke 10U FeFESBssf ul or very
poor (Finer pexlcid taecotidyg tdavtle meVOoRS/ o 2K HdAsbn®E9/ 00058 et al .,
1986). Wth fhe resent invention, the efficiency of regenerati on was
significant IV“f *§Ved by using the inproved nedia discussed below. In a
preferred enbodi nent, calli of high quality were 5 obtained when tender
petioles ri i r . | in primary vascul ar bundl e tissue were
cultured in e Lum (descrjbed below) with | ow concentrations of
2,4-D and Kineti f® Wﬁcfﬁ’ét d‘?"éé’(ﬁ‘?[ IEngLaciored tiRF 95REte6r enbryo | U

i nductg®n i ncsdisgfenmathosudbf ot tomn phanshpr ivcbdimy Hliteldidags, from a
previously r : j 1 )iy eiht found that a
short ened pe‘r?gl)i(c:)Hd‘:'t ??’tgﬁﬁﬁgﬁéﬁl%ﬁ ?Elr gkf'?ég heg%}i%s%nr?pg??éﬁ gf or high
frequency i rexrRkanss oPlefb? yirferRisiigprpvedsmedin Mo angfermatdonor reduci ng
producti on ofrBNRNER ie8NHIiHOSEiEnt1§ anhbfleddteIR0Q ik Vitreous enbryos
that are poor in regeneration qage Qr.odu ed when cotton calli are maintained

in suspensi oPHATES &XPBr CEYY tBRehCefBES PR i#Shed observati on).

20 For2oaxi mhwaEnledgiowebmpirididnf éoepregiageky cosgepit ealt miehbogeung pl ant

growi ng stage, dl t S Th nount of .
CRSEnYefnd St st B ?8&%9«2{)9@ ;3-.8}&97&% rg?é‘

gl ucose in the nedia can be from about out b erably about

30 g/1) At tHelRpRF§Cprantr g Adaapastegdumotrapsfmatded sactbse at about
10 g/ 1 respegdderiinstasnCas borarienie planPI&f&rady adier apbagDELlon of

heal t hy plantl ets gr h, For wth o allus, enbryogenesis and call us
proliferati g P r a%é% E%%olbte&{ ?‘gl?\c'g?gygoa#foﬁeﬁ%@f @Fégf’?spH &2 - 7.0,
nost peef er adualdly peg6ibed A-rfediomhsf opHLInder st praeimpilebleether heal t hy
root growh égméﬂﬁyyb£§ES(cou§@3§N@t7Z§$9 1991; Chen et al.,

unreported observation). Another two months were

required for growing the small plantlets to a suitable
size for potting in soil.

30 Techniques for introducing exogencus genes into
Agrobacterium such that they will be transferred stably



PCT/ SG991 00058 For effective callus initiation and induction of the potency
of enbryogenesis, |ow concentrations of 2,4-D and kinetin in the callus

i nduction and selection nmediumis inportant. The anount of 2,4-D can be
fromO 5 toahease 0.5 nu/ 1, preferably about 0.05 ng/1l. WERSGAHIMSE of
kinetin can be from0.0 ng/1 to about 1.0 ny/1, preferably about 0.1 ng/1.
In the callus differentiation stage and enbryoi d germ nation stage, best
result were obtained when no plant hornmpne was 10 added to the nedia. The
am no aci ds asparagi ne and glutam ne are better nitrogen sources than

i norgani ¢ anog aa nplamgerr pdanspetssue adxiposedppor thegagrabagtets uger N nati on

and root devel opnent._ he.e y0j i hat .o I he anmount of
aspar agi ne ca‘ﬁrgew%l lou%%ﬁquogg%o%%gl%ﬁ)rgﬁgﬁ% %52‘%% fjtgt}: 500 ng/ 1.
The anpunt of pyésentr inverdiobe abbuls Solvard-agisous LODISeF So—referably

about 1000 nglly) ¥ thy{ RS8R aOPEL FhES o i dd AR £BQULAESy dihe growth of
non- enbryogenic calli 20 was inhibited while the germpation, growh and

! § g .
root devsl opnekds®idefifdloilds RefETPtRiWr MESHAAYWRBERR ddie MODESf f er ent
stages of cottespbrsiisfeorotat tha €seePiicrD-oulther eumbih Agrobacterium pl ant
tissue and cal ] us_are preferab mai nt ai n t. 28C but can,be 25 varied
from 25- 35C. ﬁ’%?r%&e SRHE torﬁakﬁis(?o?ﬁ% ?&aﬁqt gﬁﬁ%?ﬁ?u?%“?#(?&'— cul ture stage
shoul d not bewhld+heypd WMgra2@CLlekiungite cramtiviedonrofied6tinated.i ght (60- 90,

25 d.8 i Al l
uEM 1) an Hurg%%&}s deq{alﬁllyg.gg gfygﬂd§iﬁf«ﬁgﬁ@b§c283fazk setis)%ar%%gsz aq':fe cotton

transformatio egeneration. previously r
transf orueat i oficand ieddhteddteratprot beors (PBHIAER, cPERAL0L &8V pEH r oozabady

et al., 1987, Updr ik Slpedleh) & YBecoBdl & A nithes presgld,y i nvention are
optim zed in %ggefgl \RO 6:0/77230 11 PCT/ S(09/ 00058 respectrs: (a) glucose

is used as a 86VantFeRHT LGUMSE PnST19atind RAGIFBJVECERE HSHeP/t he medi um
used to cul t uggckoan i tadescpibedois $chillptioonrg edtaln, tiBowr eenhouse;

(b) the nedia,}sc.adjusted to hi r 5 val (8..5- -G 1 ower
concentrati on18$52, E%%.%Sr‘r’ggfg?gaﬁ ?“heataﬁllrél)% ng‘ﬁ'rr'&%plflsa ised onl y at

cal | us iusi ti athoH. scalk,omdhisopAeamid scamrying tbehexogenyes gqrd) aspar agi ne
and gl utam neﬁerseu%c;&;ae@&a@s LROT SN, JAKIART Bfe n%fcsé&edﬂ dé the

medi um used 10 for enbryoid germ nation. These nodifications are adapted

for the physi YPEEPEFONBFHGERBNBUER €21 EnisAFEY doWkvel opnent and

pl antl et grow h. |$ihisadigen vieeund tbnmstheslidny enblyaing deveel opment and

pl antl et growth S iallyr t evel nt | ar gel 5
attributabl e F8hf‘ﬁ5§§&o%i iér?'l zcglg‘}nrer%ééasggﬁ%r c:%?‘g’%g?é,"gi ?ﬁﬁaes’??%enn&%%und t hat
aspazagiate andegkeuthdf enevslesiizest tp hhEFedpae sogecEhe hpdanthorggi ¢ anmmoni a

nitrogen for GUPRQEEi&E KIDNMANG G8ERLIGIdPNANdKheoh devElopmNt, rn the
preferred t~I S3 nedi um (descri bed 20 be whi ch cont ai ns aspar agi ne and

bel ow) , ]
gl utam ne as £RE RPETF e Parti Rt bﬁ‘%%’ﬁesﬁntnéﬁyﬁ’r‘ﬁb?%)geni c calli was
i'nhi bi ted whi cQikbeigagendmntshonldgromphi se thraeitettevehapneate of e~c~ryoi ds
were preferenti_all r d. cays t l.thy. Lo | oprment, the
o5 1 2F 13¥tgoc}fme{ta1eet holée: EH Shféh %ﬁ) p%a.utoh i%tgés:‘.j:edé/ .

survi val "transgeni C cott ant's obt al ne y the nethods
of the @SesenfFornesatpls iif diSnBevanbadggowy the thigaer apserdeis Igfpvcotyl and

cotyl edon protQgel-gakléhacketls For, sd98ftidH Id0%23ad¥othe@ ce1¥P87), poor
root devel opment has been regarde he pmin reason 30 accounting for

as, t
poor survival 3Fat8r P HaA s F&ngagn'f‘ﬁa'&ﬁcﬂw PEnPECeSHD dbl 77230
PCT/ S@9/ OOOSBel2cthiel é and xkeirn( farreepasep b redygrleanbntfessimg cul t ure nedi a

used in the Exarsrglgggméjg %g.‘eglnltg_gi% ég"%g‘r&gn‘%i“ter): '~ M5 basal
salt mixture (S°gns 243 797G :
30 cefotaxime or streptomycin) linked to a promoter active
in bacteria would permit selection o[ bacteria
containing the marker (i.e., transformants). Another
selectable marker linked to a plant-active promoter,



2.0 g gPl'lan gum (Phytagel T", Sigma) pH 7.0 (2) Petiole pre-culture .nmedi um’
(ppr liter): Ms basal salt mxture |10 0. 9 g My z~ 6Hz0 2.0 g gellan gum
(Phytagel T", Sigma) pH 7.0 (3) Co-culture nmedium (per liter): M basal salt
m xt ure 1%2%? Fg”Thi am ne-HC1 1 ng Nyridoxine-HCL 1 ngy NGQI®GHES8%aci d 100
nmg Myo-ino Y .05 mg 2, 9-di chl orophEnoxyacetic acid (2,4-D) 20 0.1 ng
Kinetin 30 g Gucose 0. 9 g W\yAy 6HzQ 2.0 g gellan gum (Phytagel ' ~
Sigma) pH 6.5 25 (4) MMS1 - callus induction and sel ecti on nmedi um (per

liter): Co-cuhbHr£s BME WaMYO 3'59 Km@ﬂ mﬁQUT%Nﬁebﬁéxﬁ&éﬁe sudtO 001 77230

13 (5) M2 - d|fferent| m(per tre): baspl salt m xture 10
mg Thi ani ne- RE1th W"ﬁay& er 5 P ﬁili‘&"i %/E%cc%‘&f‘&’ 1% Ny
Myo-i nosi t ol ttan8formedOpl3dty celldlsose'l‘lﬂe Sxpopcuscgefe 10h&t Olg gel | an gum

(Prytagel” m 42499} xgé*r% LREHLSERY/ P05 o)y MBS cou enbhapi o germ nat o

medi um ( per KNO | 15 375 ngy SO~~7H~0 170
ng KH2PG~ 1 gompuiedihd 'ﬁﬁtAgﬁaPE@WQRﬁr in functional relation

to the coding sequence, so that the promoter drives
expression of the gene in the Lransformed plant.
Again, plant-active promoters, such as the CaMV 35§,
the NPT II NOS promoter or any of a number of tissue-

10 specific promoters, are well-known in the art and
selection of an appropriate promoter is well within the
ordinary skill in the art.

The present method can be used to.produce

transgenic plants expressing any number of exogenous

15 genes, and is not limited by the choice of such a gene.
The selection of the desired exogenous genc depends on
the goal of the researcher, and numercvus examples of
desirable genes that could be used with the present
invention are known in the art (e.g., the family of

20 Bacillus thuringiensis toxin genes, herbicide
resistance genes such as shikimate synthase genes that
confer glyphosate resistance, U.S. Patent No.
5,188,642, or a 2,4-D monooxygenase gene that confers
resistance to 2,4-dichlorophenoxyacetic acid (2,4-D),

25 Bayley et al., Theoretical and Applied Genetics, vol.
82, pp. 645-49, male sterility genes such as the
antisense genes of U.S. Patrent No. 5,741,684
(Fabijanski, et al.), or even the elaborate crop
protection systems described in U.S. Patent No.

30 5,723,765 (Oliver et al.)).

Cotton regeneration is considered in the art to be

heavily variety-dependant. The Coker series of cotton
varieties have been shown to be relatively easy to



43 mg EDTA ferric-Na salt 20 M5 mcronutrients (Mirashige and Skoog, 192)
10 ng Thiam ne-HC1 1 ng Pyridoxine-HC1 1 ng Nicotinic acid 100 ng
Myo-inog:ltol 25 30 g A ucose U. 9 g MgC12~6H-0 2.0 g gellan gum

(Phyt agel nWOO0R83%) pH 6.5 (7) Young pl ant grow ng nedi uﬁ?yﬁg%@p?sﬁedi um
Macro and Mcro elenents (Strewart and Hsu, 1977) WO 001 77230 14 10 ny
Thi ami ne-HCL 1 ng Pyridoxi ne-HC1 1 ng8Nicotinic acid 100 ny Myo-inoaitol 5

10 g d ucose 10 Sucrose Q . 9 ~~ 6H 0 2.0 el l an gum ( Phyt agel ~,
Si gma) pH 7%%&%?5&99/%?)‘(%’&?‘10”%5@% Kol s a&% £ 130% ¢ ended to

il lustrate tdthepr ¥sehetiewattildnhaveddificultdep wagotiatedriwitit s scopo,
whi ch is sol.gl ' b . | ~ e 1e; robactcriumstrain
and plasm dg%ﬂ}éntg%%gﬁé]?gbi ?@gggg?%{rﬁ%&sﬂj%@ (ssglelﬁfég) was 15 used fox
t ransf or mat ikarbgreaset and (ihiedl dinhely olRRFifttem Wihte psgmatld nap of

PSI 121GP | ardh9¥BehBsis i dhd reWBhebatOOt ANIHIIR p3ants epPrd er gene and

NPTII gene (encaodi ng neon(%/g n ggosghotransfe,r ase)t as a sel ectabhl e marker.

The GFP and Y gERGLYRE WERSAGRNE iREQTAT dP SOT6P CatRF® S oot er and

nos pr onot ercradsfecmatbdly .arddregenetatiton WE awopBisRiEP, cactiol) by

Xbal - Sst | fragmen f GFP e f he p(ﬁF pl.asm.d (from Dr. N H Chua,
v 9: tE.egf ylﬁl'eg\/'eo&el;k?i)g' %r%rl\o .eéogx. an%?hé—tgaa%rg

Rockef el | er “GAiVersi 0 Wa's d i'nto Ssites in plasmd
vect or pBl 1Zroft Chingl om edieen demepstrateharsiug gbacmehedpRIfI21IG-P pl agmi

d was {&trodyced. | =Gaci eps y i on.
. Exanp gt Lotk g%ﬁf@?ﬁ%"\% og:ﬂ?%’lﬁg%jtfge%%? b8 EELELREHAL
the present invention has wide applicability to

transformation of a variety of cotton lines.
Transgene integration in the genome of cotton
produced by the methods of the present invention was
15 confirmed using standard Southern hybridization
techniques, as can ildentification of the copy number of
the inserted transgene in each transgenic line (see
Example 6, below). The Fl generation of transgenic
cotton can be tested for the presence of Lhe transgene,
20 and inheritance pattern of the transgene in the F1
generation can be analyzed to confirm stability and
inheritability.
As compared with other reported protocols, the
cotton transformation system of the present invention
25 has higher transformation efficiency and survival rate.
This is attributable to several factors. In the
present invention, petiole was used as an explant for
transformation. Different types of cotton explants can
have significant effects on the efficiencies of plant
30 transformation and regeneration (Firoozabady et al.,
1987). Induction of somatic embryogenesis from petiole
was reported previously. But regeneration was either
vnsuccessful or very poor (Finer and Smith, 1984; Gawel



PCT/ S&9/ 00058 Upl and cotton varieti eE Coker 312 fromthe U S. A and
Si-Man 3 from Shanxi Cotton Research Institute in China were used in the
experi ment r petioles were collected fromplants §; MEgKs ol d
grown in as‘ﬁ?g‘gﬂgaguse with low light conditions. The pet ﬁgﬁ.';ss%mero
surface-sterilized wth 70"i ethanol gor a few seconds, followed by 20%

bl each solution (O orox Co. USR, 1% avail able chlori ne) for 20 mn. After
rinsing fivettales 198&)t.er Mithetheapséserdthdn¥@npebhpl €se Were pre-cul tured
in M5 nediu \ Pl ant sformati pn A single colony of
A. tnnefaci g]rflggé §n,£1}?|1 %Bﬁeé%ggkgtg?'iﬂﬁ:@i%gg "ﬂBgEYa‘F%&Fq r?‘fl quid t,R
medi um wi t hbBOuAENe g dmprevad sedhyldisdussedybehownd WOG nyl L 15

st rept onyci grefah@@cérwddméa& gEQYMY @rﬁ"ﬂg&hhuah@?% a shaker of 200
rpm The bacterium CLi ures were dllut ed usi medi umto OD600 =

n
0.3. TRe pePPEPENERAIRRBLTE SEENPREFRIG TGk &gaﬁeﬁ?n‘ihmﬂ I%g segrments. The
segment s weia poikecy ivasdudaZobdndl etk sirc wereusustspsdsiroeHd r 5 nin,

t hen tzansf d ' cont ai_ni n a filter
paper soake EE ‘gﬁrﬁgﬂ (If&%tglrgﬁ%ﬁégf?m)dl“iﬁ%‘ iﬁ@ﬂ%?%%tm ept in an

i ncubat or obf2964t|1hdmd ddmetanous |i ght for 48 hrs The co-cul tur ed 25

expl auLS were trapst &l rgg(,gtl\/g@e,gffg d upaj e BCwith 16 hrs
l'ight (60-90 , pEm ~s-1) g,nd 8 hrs d per QYJL!L P@f7 ogks calli, were
initidled alNAHEEERN idhFUSEENEEPR oFRl tixsmeans] eAﬁh@FtﬂmBi Weelkd kananyci n
resistant cal tu; adsgs Aaen adpratioddl y heposrear 3OLe6ia$|icd/&H:.stCOUm ed and

t he expressi i)f Cﬁ:’g geneI\e/agagxgg‘lfrhic{&rﬁtr §n§88f 7%3, (ﬁll%% o IGI98/500058

Under the fFuorescence m croscope
appeased redupnec%#qmquFech@tm¢mslfsc)nmércahtusoemgs5| ng GFP gene

di spl ayed dﬁsqaeﬁcﬁrlm&huar gec Fg%ﬁe%tiél oft 3 a1sp Putative
transformed cal efeexamn f or CtIVIté the transfornmati on
Be

frequéncy of-’“E?FJt‘b‘é% UPas eSYCBn g TREPGHion\rEn ahreFBr b SRR NASTOt t On vari ety
Si -M an 3 webiaceasechigh peraeatagevds |mrebhscahbrywrg,g1pm GFP positive

from 26 cal tesl];lelde e@g@&gﬁn@%éon eff| @éﬁ?%ﬁt&'&eﬁ@ 3% Tabl e 1

Tr ansf or nat onfreu Cres o ahFd Si-Main 3
Varieties Numbeht%)irmmt}@r *Gﬁpglpw fgelmmal IfspOSbbl Yeng (Chen et

cal I stransfg[lrra,r, i eshd ngggogyg}k)er 3121134539 815Si -M an 3261192.3 a
4, uctl on of Somatig enbr enesi and | ant regeneration The calls with

vi gor Ss growt h ‘ﬁ‘a @R é 257 BeRERE SRR/ S&FSERF transferred
into ZO | qatdtlﬁazommlpaﬂntogreumrmW cylluvosefwas uzexkbles Friabl e

cream col or ggegggwltgarrbggl E%‘t eée Sﬂ{ee%;n% nﬂftéfﬁé‘f’gé rgd 4 semi-solid

differential nmedi um r about ar ge nunber of
~~~tryvi ds me%am%msoéromy@%%s%%@m éﬁbﬁybgem&:feﬁah}@t ures 25 were

gradual ! y dgyehopssl gmd | atgeheniawrﬂf ;Vﬁrn% BEQQ&'ESdsQ&%é he medi um wi thin
short ti of sus%fe &E’r fe treat was very inportant,

not 0 Ey foFl HFYFE 136y TEREPES éSFESPﬁGE{:Y?bh a%yyt al so for
producti on oarbemibyoyuicds etegpoeifqnssb]let Vor promotion of healthy

plantlets growth.
For growth of callus, embryogenesis and callus
proliferation, pH range can be from 5.8 to 7.5,
30 preferably pH 6.2 - 7.0, most preferably at pH 6.5. A
medium of pH 7.0 is preferable tor healthy root growth
of plantlets.



WO 00/ 77230 PCT/ S&9/00058 17 Expression of CFP gene was checked again and
all were GFP positive. The enbryoids and enbryogenic calli with strong G-P
activity were transferred onto the MVS3 nedium 5 After 1-2 nonths the

pl antl ets tWAPiRI0e about 1-2 cmin height with 1-2 true REISEIYMFI good
root devel opnent were transferred to tho Young Plant G owi ng Medium for
about one nont~r. About one nonth | ati®) young plants with 6-8 | eaves and
about 10-15 cmin 10 height were potted in soil and nove to the gl asshouse.
All 30 potted trEasgeffectivencslivs vindddatignnend imdwetisxprefssi ng GFP

protein. ThenbohatehéyBof QiitiryBlehOs P! Aldw ICoRABSHELPAELIPA SN €1S USi ng was
under 7 nont hﬁ’ and antlets vve{le reading for potting out I1n the 15

P |
gr eenhouse Pm45BoBRd KR dRaFPRoRR Uy ueShPR 39d SBARGTIPN The tine
frame from medinshoiseimportantpet Thé eamoite ifs 2, a-pl aat ke |t at i on ( Coker
312)
Tr ansf 6r m Cﬁflﬂggﬁ%rgbssIgegg/alhePfﬁ?ﬁ?]}fls%la(?v%ﬁ rqggfr’i 'B%th ailmeedappear edat i onpl
ant edt o gr oankunteof 041K igeZ8N5Pe LR /O&1 MuTA0881AMOUOEUA 2| 99 F: xanvl e
5. Detectiopgoh, GFFe FEREMAIY aBBLLVDL Y ldla EXRhesRE0BaPIuSFP protein activity
was det ected usi ng a Leica MZ FLIIT Fluorescence stereo mcroscope with a
480/ 40 nM efdffEEFRRATIAStAAE ANB1¢FRYQiAVEREMiNRELSR | StAge Gy een

| | uor escencpest SERuDENEmABLIeiRas Wiyerlimd iplgntShedmbme thigs t r ansf or med
cal | us,, onbryai ds, .and you plantlets, with the urrtransformed control
appeared re %lgﬁgcg?oﬂ?? u"hedié'%'t he fl uorescence Stereo 30 m croscope. The
exceptions were The aminmmstidsnedraraydirgd|arii2gdut8mdy/ H@9| 00058 t oot s,

whi ch appea&%@tekuﬁigf&%h Wdetet NEndd UGIRSRANES aflin6h O3 od¥rPbably due
to some chronnphorog%sirc em cals accunulated in roots. But the roots with

G P acti vit $OEodPAEt1$31 19k SUBBRFFIG LTRSS FRE™MPREPT 30di0r escence
produced by rcbP gdevébipmerets bangbherembxldppgeradngeien unedinn Under t he

bl ue L. ght d Y, fl uagresc stere WaIrpscape.. r | uorescence
is cl é'a5?| y @?‘gl E?‘g‘qﬁ‘ﬁ ?an{kfs ﬁggg%%dgégg%en ap oél(r%t %?sgﬁegg?‘h%tle%% enri ched
wi th chloropayll Brefezablveabouhd520 mabm [TheGERopDE|efve gr Qen pl ant

tissues, yelghQwahih®r&HCHCALBLEOSHESES SitRRiteP0BOCAY3E, Of the overlapping
of rid and %;_een flgf)r scence. HOV\KZ er, the %I)épresm on, of GFP gene in petal
and ant her RISIpoEPLY § ‘ttoﬂ-‘égpi BEhlt o Wi GeS6t RBFIBAFRL of plant. 15
FxanDl ~, 6: Adakpges oburcem)sgdri groventest GamceEmbribdehioncglliati vel y

transf.or med Li.neg ~1.Aan r I 0l ur fied according
to PatéeU; ~on"&f gﬁhﬁ?g@%gg”&tl%er%kgl ggg‘f‘f'gér}glvﬁ 'h%@gﬁ,xﬁii%%o%uts

i nk- bet ween de¥piopBeiferobhiemhryRiAdande re e fexgntdpkl apsenetedhe chi neri cal

G-P gfne (gi g. 1):-5 ald\hﬁfw&ant;emaba&eﬁogb&& &SEaIAE?éﬂafp&e gel and
transterred to onda- ne ran ccording to manuf acturer's I nstructions.
BE R Serin e atp B 3PRE b

DNA was fi x&FEB-t R Femprand? s R &P Wbridizing to
the DI G | abelkddlus are preferably maintained at 28°C but can be

25 varied from 25-35°C. For effective transformation,
temperature in co-culture stagec should not be higher
than 28°C. A light condition of 16 hrs. light (60-90,
pnEm-2s-!) and 8 hrs. dark per day is preferable for all
stages of cotton transformation and regeneration.

30 Unlikc previously reported transformation and
regeneration protocols (Umbeck et al., 1987;
Firoozabady et al., 1987, Cousins et al.), the media

used in the present invention are optimized in several



75 coding region of the GFP gene. |~ybridized pr obe wag detected with
anti-D G AP conj ugate according to manufacturer's instructions (BOElII R NGER
MANNHEI M) . om ¢ DNA sanples from 11l randomy sele /Ghasyeni ¢

| i nes and 1 u ?/'g'g:ﬂsfor med control plant were 3U anal yzed % 5ern

hybri di zation. using the coding region of GFP gene as the hybr| di zation
probe. The data indicate that. 7 out 13t 11 Iines have a si ngl e WO

00/ 77230 19 PCTI C§9/¢% ggug%g]g _.hg é&p r;a esg%go a&?da{hand 1 Ii_ne has_ 6
g

copies of TT T'hse perceft STHE 1ines with a
single copyll@:f&]l1 Ewlhux%rnsiden S’é@g&fstls‘ tthat mediwm tused ftar mat i on pr ot ocol

has less rigki@ird 1kResi Bev?ibd d I i nmut ants.
~jefe_r.~ fIéGeSrCl %&&% : P s l% %yﬂ:ﬁélp‘llE%’loén“{)hrsrlr-ié’t E?(;,‘t%any 40, 106.

Baj aj , Y. PITESRhQEe #&?étheAﬁ?ﬂ‘ aéeﬁwétdjusted spRighesifgy, C A 1971. In
vitro eul t uggl e fe.ra-nl i0zed (&9 mwrt@uhesuﬂ,@sa .2,4Lp 906-7. Chen
G X Li enel Jiao G L. and Zhao J. X.

' D. ,J.
1994, 2,9- D‘%@?’E‘léﬂt i angﬁéﬁf‘l& &a 6‘}?’& ahfs“ﬁ%o‘ﬂh‘e%j afy
Agrobacteri uarllnmii:‘at:éxiag:éne Stagef enq Sgimenei as 1155ékgratc1dtther1e Sinica 27{2):

31 -37. Chegp d lalq agag YHE 1‘]_,ta}6 eJk and Li~i 5. X
1989. Vi antFet regene)r atl on rrcl)%ag ot as%g |s@€at eddfrom an enbryogenic

suspensi on EHPIIFE PPOTIIPLGnAEDR |‘I}rﬁrt?i9F§u!-%n¥*Le ymedidamy Usédani ca 20
Sinicao3l, £66-énbian gérmXnatiewl i mMirise Modifbéations Be/. Sone

characteristics.o |c Iant ration in cotton
cel |l suspen F%%t%‘i, ¢°% s'é’ﬁggwggiégfl cﬁleﬁﬁgﬁ c%\teg’(f’ q'é’nll 2~ Chlan, C
A, T,in, JembCyeid develppmgnt @@\/LelmtdetTgrEthQQHL Agws eeegdur e for

bi ~I'i stic tpahgd ofHE Ir@amag’béﬁs@wf@tde%w%maﬁ@néﬂ@foanthtetton from

meristematic tissue. rlant V1 ol 30 Cousins Y.L., Lyon
13.R, and EFeWEh1 &PRSCH311HoT00k Syl ﬁ"&i"FbﬂP'B?n%saclfeaIJ@&'ﬂeédt t on
cul tivugr: a¥&riditablzo tBOtﬁsiémeaespecwr fedanillel, 00t NPr ovenent

through genggg Cbeeeq'gi eu?\rd' ané‘uggpagagim ph¥ J;am:me 1w8é e481 494.
better nitrogen source than inorganic ammonia nitrogen
for supporting embryoid germination and root
development. In the preferred MM53 medium (described

20 below), which contains asparagine and glutamine as the
nitrogen source, the growth of non-embryogenic calli
was inhibited while the germination, growth and root
development of embryoids were preferentially promoted.
Because of the healthy root development, the survival

25 rate of potted transgenic cotton plants obtained by the
methods of the pre¢sent invention is almost 100%. With
the reported hypocotyl and cotyledon protocols (Umbeck
et al., 1987; Firoozabady et al., 1987), poor root
development has been regarded as the mailn reason

30 accounting for poor survival rate of potted transgenic

cotton plants.
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30 g Glucose

0.9 g MgCl,'6H,0

2.0 g gellan gum (Phytagel™, Sigma)
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25 (4) MMS1 - callus induction and selection medium (per
liter):
Co-culture medium
50 mg Kanamycin
500 mg Cefotaxime
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0.9 g MgCl, 6H,0
2.0 g gellan gum (Phytagel™, Sigma)
pH 6.5

(7) Young plant growing medium
30 S&H medium Macro and Micro elements (Strewart and
Hsu, 1977)
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Agr obact eri um t ufff Eci 8#EEO$®i t schrift Iur Naturforschung 15 Section C

Bi osci ences 2Q 608-47IMgehiasupo Ei . -B. 1994. The tissue culture of cotton

(Ir). Plant Physiol. co~aun. 30, 6-91. ~Zhang, H -B. and Feng, R 1992.
The tissue cul tufe®?f %% %%.(?’gp’ﬁﬁ?ebﬁyﬁgﬂp‘.‘”@mn. 30, a86-91. 20
Zhou, G -Y., WenegH 3.0 Zeng, Y.-S., Huang, J.-G, Qan, S.-Y. and Liu)

G -L. 1983. Introduction of exogenous DNA into cotton enbryos. Methods in
~nzynol ogy 101. 433-B1. WO 001 77230 25 PCT/ SG9/00058 We claim 1. ~r

nmet hod @ or pr odu@hRgiallewing E&XampPiest ape platrndeshisoi dlagsthetst eps of : (a)

Ul TUr e of Aot et L fane i ana Chat o or o e L O g an
exogenous g&MmEPEndY iE‘érJestt%i Yn&F%éP?gt%a'iﬂtG d’iégﬂéri unt beirrﬁg capgbl e of
effecting the stable 10 transfer of the exogenous gene and sel ection agent
resistance gengohQ §0eA9R00NE &l J'GeEEth Sa Rl JIGAGL! O € explant,
A. tumefaciens strain LBA 4404 (pBI121GFP) was
15 used for transformation of cotton petiocle and young
stem. The physical map of pBI121GFP is shown in Fig.1l,
which contains GFP as a reporter gene and NPTII gene
(encoding neomycin phosphotransferase) as a selectable
marker. The GFP and NPTTT genes are under the control
20 of CaMV 355 promoter and nos promoter respectively.
For construction of pBI121GFP, a 720 bp XbaI-SstI
fragment of GFP gene from the pGFP2 plasmid (from Dr.
N. H. Chua, Rockefeller University, New York) was
cloned into the same sites in plasmid vector pBIl2l
25 {Clontech) to replace the GUS gene. The pBI121GFP
plasmid was introduced into A. tumefaciens LBA 4404 by
electroporation.

Example 2: Plant material



(c) culturing the petiole explants to induce callus formation, 15 (d)

sel ecting transformed callus that expresses the exogenous gene, (e)
culturing the selected callus in suspension culture to induce formation of
enbryoi ds, WOOT30r egenerating the enbryoids into whol e FCASSHFENPE cotton
plants. 2. The nmethod of claim 1l wherein the petiold explants are
pre-cultured for a period of tine pril& to exposure to i.he culture of

Agrobacterium 25 tnnetaci ens. 3. The nethod of clainms 1 wherein the culture
medi a used in st@pkagd)cqEPrhysEigtinpfokes Bhe vt ¥he BbiF.dource. 4. The

net hod of CEﬁH”BB—MMQB Edofe SHhHED SCotitonl Re8Ba36h it utfe ghout 10 g/ 1 to
about 5~ g/ 1 ISGQS%#)OOSS WO 00l 7723 26 5. The nethod of claim4

wher ei n theCBFBEo‘% 25 RBUR¥PLF t 30 gll. 6. The nethod of claim
1 wherein the cut'éuda: pEtiialesedere cileted) faon pEndd )8-d@ not contain 5
hor nones. f .clai re od ermnation is carried
out in-a rTEHI haV| ‘g‘goﬁs&%r gegg?éﬁlﬁurs&ggﬁtgnﬁec ! romthe group

consi st | r~gcohdatpensigi Mhe getiakenevene b@trlfaaepatagilﬁezemdvm gl ut am ne.

8. The met heg Oétﬁminf7ome&eunsw@n&§urﬁqleaeal by 0960 Wifeddh an amount of
about 700 ng/1l to abut net h clalm 8 wherein the source

of 15 nit roﬁ@ﬁ“F5°?n‘%lf?raﬂ’r‘05ﬁt BFAab’(ﬁJta‘@léaB:lE HECIIPR) FATEP of claim 7
wher ei n t hem$aur cRfoér ntirsdpen £i9e bioineaImasagriti aed sgéume,mm and the

o utathe. 1 ESFhOAEE Ak WesPCuf kg 6 sFPmb 8RR 3 0y 1711 e

nmet hod of claim 10 wherein the asparagine is in an anmount of about 500 ng/1

and the gl uhgg}n%w: I N1k cARRUAL FOF m AU 1 g/ 1. 12. The nethod of claim1l
wher ei n the“suspens|v~~ 25 cul ture_of steg has a duration of |ess than

about 20 days. AvEiemter 2eIOPETPERD9/ ‘-‘127‘f35t4‘ﬁbnn¥ﬁ7ho% cl ai mL2
wher ei n theqpsmnw;mpWdyrlaoeﬁ$head(ﬂ) hasgudddubapheanah wixnitsglOdays to

about 20 days th 0 nﬂS wher ei suspensi on5 cul ture
of step <e>h§§fii i 380 he e is ShA 186°HSPE

streptomycin. The bacteria was grown overnight at 28°C
in a shaker of 200 rpm. The bacterium cultures were
diluted using liquid MS medium to OD600 = 0.3.
The peliole and young stem were cut into about 2

cm long segments. The segments were soaked in the

20 diluted bacterium suspension far 5 min, then
transferred onto plastic plates (100 x 25 mm)
containing a filter paper soaked in 50 ml of co-culture
medium. The plates were kept in an incubator of 24°C
under continuous light for 4B hrs. The co-cultured

25 explanls were transferred onto MMS1 medium and
incubated at 28°C with 16 hrs light (60-90 ,pEm“s™') and
8 hrs dark per day. After 2-4 weeks calli were
initiated at the cut ends of petiole segments. After
4-6 weeks kanamycin resistant calli had appeared, and

30 the number of calll were counted and the expression of

GFP gene was examined.



15. The method of claim 1l wherein step (c) is carried out in the p=esence
of | ow concentration of one or nore hornone3. |10 16. The nethod of claim 15
wherein the concentration of any one hornone ranges fromO to about 1 ny/l.
.17. The newoadrmBo cl ai m 15 wherein step (c) is carried oBETSAMMBIpresence
of 2, 4-di chl orophenoxacetic acid in a concentration ranging fromO to about
15 0.5 ng/1 and kinetin in concentratjgen ranging fromO to about 1 ng/1.

18. The method of claim 17 wherein the 2,4-d~chl orophenoxyl acetic acid is
in a concentrati oadet ﬁlbe)un\mz@.'?:cegé& reherddwmpe,neéhien is in a concentration

OfA iO Aag\au;\ O’E\%aﬁglfgm& %rﬁ'&‘o A?%LIQ’% fﬁfpéﬁréﬁ xAé) ﬂ\ colour,

A . ARH3. A&WhAlA38DE" Eq¢m%§quﬁp“&blbwsyyﬁW@ﬂNmFQaFfa]ca?%a]caLﬂca]cAa]ca]ca
]Ca]ca]ca]C%FL% H%S@L&§@t1nct green fluorescence A %otal of 113

L cal cal cal ¢ auh call catl caleath et cal ol saleal gTatt g Uz

a\/] Ci’:lU] ]ca_LI_J] %@kﬁ&h@g}caiu]sa&mlﬂmkdhcalbﬂx cﬁ?@wwﬂo@tﬁrea&;sﬁ owdsal cal ca] ca

ca] ca] cTal.c a

UV] ] ca] ca] c%-"c?]""n j?g%? caU]%Jchae%] %gt’ﬂ‘ ﬁ% Sk %3] %}caYJ] cal] cal] ca] ca]

Ca]Ca]Ca]C&F&&Nd&hCé]EQt?C@ﬁQﬁi agm?nsformatlon, 11 calli were
found GFP positive from 26 calli tested, transformation
10 efficiency was 42.3%.

Table 1: Transformation frequencies ot petioles from
cotton Coker 312 and Si-Main 3

Varieties | Number of Number of GFP GFP gene
calli positive calli |transformation
tested frequency (%)
Coker 312 {113 45 39.8
15 Si-Mian 3 | 26 11 42.3
Example 4; Induction of somatic embryogenesis and plant
regeneration

The calli with vigorous growth and strong

expression of GFP were selected and transfcrred into

20 liquid MMS2 medium for suspension culture tor 2 weeks.
Friable cream-colored granular calli were selected and
transferred to semi-solid differential medium, MMS2.
After about 2 months a large number of embryoids were
produced. Cytoplasmic dense embryogenic structures

25 were gradually developed and large embrvos were
produced on the medium within 1-2 month. A short time
of suspension culture treatment was very important, not
only for high frequencies of embryogenesis induction,
but also for production of embryocids of good quality.



K% L Mh |wnhc?Y ] _
WV] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] c
a] ca] ca] ca]“(,:da(lo%g 3’%a] cajcaljcaljca hi qr PCT/SG99/00058
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Expression of CFP gene was checked again and all were
GFP positive.

The embryoids and embryogenic calli with strong
GFP activity were transferred onto the MMS3 medium.

5 After 1-2 months the plantlets that were about 1-2 cn
in height with 1-2 true leaves and good root
development were transferred to the Young Plant Growing
Medium for about one month. About one month later,
young plants with 6é-8 leaves and about 10-15 cm in

10 height were potted in soil and move to the glasshouse.
All 30 potted transgenic plants survived and were found
expressing GFP protein. The total time required to
obtain transgenic plantlets using was under 7 months,
and plantlets were reading for potting out in the

1s greenhousc in about 2 additional months (see Table 2).

Table 2: The time frame from transformation of petiole
segments to plant regeneration (Coker 312)

Transform- | Callus Embryos Regener- Plants Flowaring
ation cbtalned | appeared | ation planted
to graen
house
20 10/4/98 26/5/51 29/7/98 1/11/98 31/12/98 18/2/99

Example 5: Detection of GFP Protein Activity

The expression of GFP protein activity was
detected using a Leica MZ FLIIT Fluorescence stereo
microscope with a 480/40 nM excitation filter and a 510

25 nM barrier filter.

Green fluorescence of GFP gene can be easily
distinguished in the transformed callus, ombryoids, and
young plantlets, with the uuntransformed control
appeared red in ceclour under the fluorescence Stereo

30 microscope. The exXceptions were the untransformed
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2l cal ca] ca] cH0F EALT LaU CIOPEAEF o] Ko S LaREAP Ll AT S C ok on] ch] cal cal]
cal] cadloca +b@oubcdisdr of the chimerlcal GFP gene (Fig. 1), DNA was
separated on a 0.8% TAE agarose gel and transferred to
Hybond-N membrane according to manufacturer's
instructions. DNA was fixed to the membrane by UV
crossing linking before hybridizing to the DIG labeled
25 coding region of the GFP gene. Ilybridized probe was
detected with anti-DIG-AP conjugate according to
manufacturer's instructions (BOEIRINGER MANNHEIM) .
The genomic DNA samples from 11 randomly selected
transgenic lines and 1 untransformed contrcl plant were
30 analyzed Southern hybridization, using the coding
region of GFP gene as thc hybridization probe. The
data indicate thal 7 out of 11 lines have a single
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comprising the steps of:
(a) obtaining cotton petiole explants,

5 (b) exposing the petiocle explants to a
culture of Agrobacterium tumeraciens that
harbors a vector comprising an exogenous gene
and a selectable marker, the Agrobacterium
being capable of effecting the stable

10 transfer of the exogenous gene and selection
agent resistance gene to the genome of the
cells of the petiocle explant,

(c) culturing the petiole explants to induce
callus formation,

15 (d) selecting transformed callus that
expresses the exogenous gene,

(e) culturing the selected callus in
suspension culture to induce formation of
embryoids,

20 (f) regenerating the embryoids into whole

transgenlc cotton plants.

2. The method of claim 1 wherein the petiole explants
are pre-cultured for a period of time prior to
exposure to Lhe culture of Agrobacterium

25 tumeraciens.

3. The method of claims 1 wherein the culture media
used in steps (b)-(e) have glucose as the sole

carbon source.

4. The method of claim 3 wherein the glucose is in an
30 amount of about 10 g/1 to about 50 g/l.
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used in steps (b) and (d)-(f) do not contain
5 hormones.

7. The method of claim 1 wherein embyroid germination
is carried out in a medium having a source of
nitrogen selected from the group consisting of
asparagine, glutamine or both asparagine and

10 glutamine.

8. The method of claim 7 wherein the source of
nitrogen is in an amount of about 700 mg/l to
about 5 g/l.

9. The method of claim. 8 wherein the source of
15 nitrogen is in an amount of about 3.8 g/1.

10, The method of claim 7 whcrein the source of
nitrogen is both asparagilne and glutamine, and the
asparagine is in an amount of about 200 mg/l1 to
about 1 g/l and the glutamine is in an amount ot

20 about 500 mg/l to about 2 g/li.

11. 7The method of claim 10 wherein the asparagine is
in an amount of about 500 mg/l and the glutamine
is in an amount of about 1 g/l.

12. The method of claim 1 wherein the suspension
25 culture of step (e) has a duration of less than
about 20 days.
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The wheréin the suspension
5 culture of step (e) has a duration of about 14
days.

15. The method of claim 1 wherein step (c) is carried
out in the presence of low concentration of one or
more hormones.

10 16. The method of claim 15 wherein the concentration
of any one hormone ranges from O to about 1 mg/l.

17. The method of claim 15 wherein step (c) is carried
out in the presence of 2,4-dichlorophenoxacetic
acid in a concentration ranging from 0 to about

15 0.5 mg/l and kinetin in concentration ranging from
0 to about 1 mg/l.

18. The method of claim 17 wherein the 2, 4-dichloro-
phenoxylacetic acid is in a concentration of about
0.05 mg/l and the kinetin is in a concentration of
20 about 0.1 mg/l.



