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(54) Title: AGROBACTERIUM-MEDIATED TRANSFORMATION OF COTTON WITH NOVEL EXPLANTS
(57) Abstract

A method is disclosed for produeing a transgenic cotton plant comprising the steps of (a) obtaining cottenfibrous root explants, (b)
culturing the fibrous root explants to induce callus formation, (c) exposing root callus to a culture of Agrobacterium tumefaciens that harbors
a vector comprising an exogenous gene and a selectable marker, the Agrobacterium being capable of effecting the stable transfer of the
exogenous gene and selection agent resistance gene to the genome of the cells of the explant, (d) culturing the callus in the presence of
the selection agent to which the selection agent resistance gene confers resistance 5o as to select for transformed cells, (e} inducing somatic
embryo formation in the selected callus culture, and (f) regengrating the induced somatic embryos into whole transgenic cotton plants.




by Agrobacteriumtransformation of novel explants foIPoﬁEﬁtﬂyxﬁbﬁQP?c
enbryo regeneration. Back roan 10 Cotton is the nost extensively used
natural fiber in the textile industry. Its annual production worldw de is
over 100 MQQ53M3bal es, valued at US$45 billion. Cotton pcrkcewesged hair
is atermnally differentiated single epidermal cell from50 species of 15
t he genus CGossypiumof the famly Ml vacteae. It is classified as a
natural, cellulosic, nonocellular and staple fiber. The cultivated cotton
varieties, which have been cultivated for nore than 5000 years, all cone
fromtwo diploids (2n=2x=26) (G herbaceumand G 20 arboreum and two
allotetraploids (2n=4x=52) (G hirsutumL., Upland; and G barbadense L.
Sea Island). In 1997 the top five world cotton producers were the United
States, China, India, Pakistan and Uzbekstan, producing about 63 mllion
bal es. 9 Septenber' 2003 WD 00/53783 PCT/ S@&9/00016 2 In the next century,
nost crops, including cereals, oil crops, fruits, vegetables and other

econom cally inportant crops, will be genetically engineered with added or
nodified traits ranging fromb5 inprovenent of yield and quality, to
her bi ci de resistance and pest resistance (Chappell, 1996; Fraley et al.,

1986; Herr er a- Est r eddeoled c b r i un-983 i dfeekermfifordatickd&% Horsch et al .,

1985; Jefferson, 1987; Ryatsstorl3@h NovSDtH:pLardde new technol ogy will be
used to 10 increase yield, inprove fiber quality and create new varieties

whi ch are resistant to herbicides, pest insects, nematodes and di seases

(John, 1996Iediphiic#l Field.
The present invention relates to the general field
5 - of genetic engineering of plants, in particular to the
introduction of exogenous genetic material into cotton
by Agrobacterium transformation of novel explants

followed by somatic embryo regeneration.

Background )

10 Cotton is the most extensively used natural fiber
in the textile industry. 1Its annual production
worldwide is over 100 million bales, valued at US$45
billion. Cotton lint or seed hair is a terminally
differentiated single epidermal cell from 50 species of

15 the genus Gossypium of the family Malvaceae. It is
classified as a natural, cellulosic, monocellular and

- staple fiber. The cultivated cotton varieties, which
have been cultivated for more than 5000 years, all come
from two diploids (2n=2x=26) (G. herbaceum and G.

20 arboreum) and two allotetraploids (2n=4x=52) (G.
hirsutum L., Upland; and G. barbadense L., Sea Island).
In 1997 the top five world cotton producers were the
United States, China, India, Pakistan and Uzbekstan,

producing about 63 million bales.
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10 2. Cotton Transformation: Explants (such as hypocdt yEPERaA 8464,
cal l us gener.ated from hypocotyl and cotyledon, as well as imuature
embryos) WOESH8En used for Agrobacteri um medi at ed tr ansfcwsasbioans and
particle bonbardnent (de Franond et al., 1983; Finer & 15 McMull en, 1990;
Firoozabady et al., 1987; Perlak et al.,31990; Rangan & Raj asekaran, 1996;
Raj asekaran et al., 1996; Trolinder et al., 1991; Unmbeck et. al., 1987,
1989, 1992). In addition, neristematic tissue of excised enbryonic axes
has al so been used_for_cotton 20 transformation by particle bonmbardnent
(Chian et al.,et13b5, 33RR; Tboer SoMALRhKel 78%1) ./ 19GPT REH B8 I Var ti nel |,

1993). Zhou etefl 41 (198835t rapaiaraedal cot1om pyruryesctd rhaiha,nto the
axil e placenta one day after self-pollination. wever, cotton

transfor mati on} 286} s HAPRAEYTrEcpEREEAL (BRagEabt yha/ Y iotd fife! ‘19854,

1985b, 1986; TirofkndetedaEROdi Nsu 98977 19882g) 1988blol Apailndd am a few
cultivars_which are reggneratable and. transforpable, such as Gossypium

hirsutum 8v. CoReFhg15984nqCawehi pEutlim JiA%Y Heel ot 3 tant elite

30 commercial tybbhyarsarsyeinas & shitBYt ugBLY.GAMEL S FRobagkk:G  hirsutum
cv. Zhongm an 12, are not regeneratable nd transformabl e t hese

met hods. 9 SeptéRBer’ 568% 96/33¥8§'Péﬁgééﬁ§yﬁoﬁﬁéﬂ¢'8 Jan pr evi ous

reports and theal DUENY Ok nEroOWNMcRYPEELENDAE; dRtalimdgh &f fdici ercyo of
cal l us induction %60@@ can be achieved using gge hypocotyl as an expl ant.
However, the tPBAsPEPHAPILERtr 4C8SRa8Tofly 269875 (Firoozabady et al., 1987;

Urbeck efoal ., 1987p. céevenalrrhaektorma€annt cadxplabtcakddiough of
hypocotyl, cotyledon, callus generated from hypocotyl
and cotyledon, as well as immature embryos) have been
used for Agrobacterium-mediated transformation and
particle bombardment {(de Framond et al., 1983; Finer &

15 McMullen, 19%0; Firoozabady et al., 1987; Perlak et

| al., 1990; Rangan & Rajasekaran, 1996; Rajasekaran et

al., 1996; Trolinder et al., 1991; Umbeck et al., 1987,
1989, 19%2). 1In addition, meristema;ic tissue of
excised embryonic axes has also been used for cotton

20 transformation by particle bombardment (Chlan et al.,
1995; John, 1996; John & Keller, 1996; McCabe &
Martinell, 1993). Zhou et al. (1983) transformed
cotton by injecting DNA into the axile placenta one day
after self-pollination. However, cotton transformation

25 is highly dependent on genotype (Trolinder, 1985a,
1985b, 1986; Trolinder & Goodin, 1987, 1988a, 19288b).
Apart from a few cultivars which are regeneratable and
transformable, such as Gossypium hirsutum cv. Coker 312
and G. hirsutum Jin 7, most other important elite

30 commercial cultivars, such as G. hirsutum cv. D&P 5415
and G. hirsutum cv. Zhongmian 12, are not regeneratable

and transformable by these methods.



nontransformed calli, or to chimeric calli consisting? é?Pb@T@ﬁrﬁ?ﬁﬁﬁt |y

nont r ansf Il1s: (1) low kananycin levels (a high |evel of kananycin
is toxic Wﬁ%"’@gtton expl ants and calli); (2) experiencetdEpEw eHt6

selection in |ater stages of callus proliferation; and (3) use of explants
such as the hypocotyl which has only partial contact with the selective
media (Firoozabady et al., 1987). Wen the cotyl edon was 15 used as an
explant, although the transformation rate was higher than that with the

hypocotyl it wes qfiens S ITIHbhel 9oBlialnahe facobackatbumLduting

subsequent cul tur ersonal comminrcat i i on;
Urbeck et al. eﬂ;ﬁﬁ:?;,mérﬁﬂ) da‘[:hae haght ediistdemetyi orf cafldusf indnicstem c

ti ssue through(aqd%][tl cl g}o ent, Waseglhg}[)%ﬁ)fg A qw_(0.,02% 0. 22%

conpared to th |umrre tion. There thus
remai ns a needa}im]ramtei hdcts«:ea:femr mdlnaac|tmgn525rmams>@ema¢ecmatsonnplyaﬁt0§ t hat

provide N gh ratas, of .pLdANs! onmat o3l %Q%tc)a‘@kt 3cNa0 ,r alogs ) of

transformants "dHong Tegy eYnerat ed sorati'c e Séptenber' 2003 WO
00153753 PCTI mmnlﬁacﬁaﬁjmm W e@id tttmeblne\aéothr@rmghh@fpr esent invention

oo oo 0. TRl on Rl WG IR IRORM Gl k1Bl Pshe SRR 1 19 the

steps of (a) ai'ni ng co S root éxplant IRa0TA ng the
fibrous root eo@lmsommamel}prmswrmw msrdss it o 1) nclme cal | us

R e
sel ect abl@ nar&etton hex:&@ambsacar&tlmlbélrng(ba@meerlcﬁnce dependent
selection in later stages of callus proliferation; and
(3) use of explants such as the hypocotyl which has
only partial contact with the selective media
(Firoozabady et al., 1987). When the cotyledon was
15 used as an explant, although the transformation rate
was higher than that with the hypocotyl, it was often
difficult to eliminate Agrobacterium during subsequent
culture {Jiao G.-L and Chen, Z.-X., personal
comnunication; Umbeck et al., 1987, 1989). The
20 transformation rate of meristemic tissue through
particle bombardment was simply too low (0.02%-0.22%)
compared to that of Agrobacterium mediated
transformation.
There thus remains a need for methods of producing
25 transgenic cotton plants that provide high rates of
transformation along with high rates of transformants

among regenerated somatic embryos.



10 effecting the stable transfer of the exogenous gené RBES™RE%EOPdn agent
resi stance gene to the genone of the cells of the explant, (d) culturing
the cal | usWOPIBEB3 presence of the sel ection agent to whi ACHHEYNECt | on
agent resistance gene confers resistance so as to 15 select for transforned
callus, (e) inducing somatic enbryo fornmetion in the selected callus
culture, and (f) regenerating the induced somati c enbryos into whol e
transgenic cotton plants. The present method provides for an inproved rate
20 of transformati on when conpar ed to previ ous nethods that enploy
hypocotyl and chugharinof itheudnvendiest hod  is bel i eved g have w de
applicability to a VB @5esent éBY?Bﬁl%rF%]ﬁt&g 8 efe§B888r T3ti on of the

Figures 25 Fi gtgfocﬂuc%f?) e Qhﬁé%&ttﬁﬁK%la%%t akBhpgiding Ugid erase gene
used to detect positiv rans ormants obtained by the nethods of the

present inventi mﬁpszlcgur(@)zObhémlltl%eccpﬂf@mfdbﬁvw%ootth%xlbjraa%frﬁ dfrom

whi ch pBK9 was deri V%&ﬁ n s Lg B3Q duehf-er aaerge sknce
Sept enber ' 2003 % 6§§%TJ/:%6C]§8;00016 Deip | ed Descri gt%eon I n order
to overcone theoﬁrm:himswnlmuhepmblrus aﬁqrrqﬁiéitll@@ds (ghdexpesEise t he

efficiency of tr nsf rmatlon o} I 5
Agr obact er i um et atEd t+anst 8r ma Jlélgﬁgo Pc‘&oqrte%%&%ﬁatﬁﬁu ?%Q%Aérrggbl dopsi s

hi gh effici encytidt HaAnaformetoor wasn@mchd ievedn MXAgleabaéteem@rﬁndredl at ed
transformation g‘égagégggiésmggﬁgr?xgﬂgnﬁgréégg£g¥g%%§being capable of
19  effecting the stable transfer of the exogenous gene and
selection agent resistance gene to the genome of the
cells of the explant, (d) culturing the callus in the
presence of the selection agent to which the selection
agent resistance gene confers resistance so as to
is select for transformed callus, (e) inducing somatic
embryo formation in the selected callus culture, and
(f) regenerating the induced somatic embryos intc whole

transgenic cotton plants.
The present method provides for an improved rate

20 of transformation when compared to previous methods
that employ hypocotyl and cotyledon tissue. The method
is believed to have wide applicability to a variety of

cotton varieties.

Brief description of the Figures

25 Figure 1 shows the plasmid pBK9, containing a
luciferase gene used to detect positive transformants
obtained by the methods of the present invention.

Figure 2 shows the plasmid pVIP96, the plasmid
from which pBK9 was derived by insertion of the

30 luciferase gene.



et al., 1988), and the differentiation of young fi brods®$B*¥Y8ts 2PPdm
cotton on M nmediumcontaining 2.0 ng/L 1AA  0.02-0.04 ny/L_I| BA has been
reported (R{Eb‘,’"’%?sé., et al., 1989), there is no report i n IS8t ur e
about wusing fibrous roots as explants for cotton transformation. 15

Fi brous roots now have been successfully u§ed as explants for

Agr obacterium nedi ated transformati on and plant regeneration. In the
process nodified nedia for seedling culture, and. regeneration and

differentiation of enbryogenic calli were used. 20 Media used to culture
seedlings to ot&%ﬁ%ﬂ%#ﬁﬁﬂ%é?—?al was designed to ninimze browning of
the roots (browni ngrgdyensel ¥oebieetemthehabpkobyens esphanishtBri¢Fow in

culture and formcallus), and tq pronote_ pverall .vi 0 root growt h. Thus
fibrous root eRptameshdreand +0FER2PH Fﬁg Ssgégﬁggegf BEor nones to 25

i nduce callus ferLERLirBRmatRon, PEEbebued reshodkpdantNEVetruUbsEdefPECt

triazole, a chem cal agent used jn gricul ture pr t growth) and
NAA (a - n&pht hAveréa @tﬁl@ma“éﬁeai)laaﬁg G§€&5F8§E‘Ptﬁ§r°9‘i %??Eﬁg’tucggém i ng

cul ture nedi um 49 (LedYEe iKh e RIRRPFieN halgh3@ fifiedeadyr odt s and i ncrease

callus initiation rate. MeET is preferably ysed in.concentrati ngi ng
from about 0. 05 ragsiforsaiiieu WS aggievedhdf %’HEP exflé%lo&e%g.gféarrg/ | .

NAA i s preferabl ' : SAlHAH i MU AN kpSapiteni@re 2@ ndd
D0/ 55785 5 POy SERN RS TR K

_preferably abo&t @105 r@gerﬁw@%%gl%mlfﬁé%@%%é@m%ﬁ%?& bg:&?iltgt he
medi um usgq, t o QL 4 rANRYeUC SEH MPYSnedium containing 2.0 mg/L IAA,
0.02-0.04 mg/L IBA has been reported (Kuo, C.C., et
al., 1989), there is no report in the literature about
using fibrous roots as explants for cotton

transformation. _
15 Fibrous roots now have been successfully used as

explants for Agrobacterium-mediated transformation and
plant regeneration. 1In the process modified media for
seedling culture, and.regeneration and differentiation

of embryogenic calli were used.

20 Media used to culture seedlings to obtain explant
material was designed to minimize browning of the roots
(browning adversely effects the ability of explants to
grow in culture and form callus), and to promote
overall vigorous root growth. Thus fibrous root
explants were cultured in the presence of hormones to

25 induce callus formation. In a preferred embodiment MET
(multi-effect triazole, a chemical agent used in
agriculture to promote root growth) and NAA (a
naphthalene acetic acid) are used together in the
seedling culture medium to reduce the proportion of

30 browned roots and increase callus initiation rate. MET
is preferably used in concentrations ranging from about
0.05 mg/1l to about 0.2 mg/l, most preferably about 0.1
mg/l. NAA is preferably used in concentrations ranging



regenerated fromecallus, in anounts sinilar to those 2558RE¥i3edCfdr the
seedling culture nedium In a preferred enbodi nent of the callus-formng
medi um viwewss785, 2,4-D ((2, 4-dichl orophenoxy) acetic adctiscodiols and

gl ucose are used, preferably about 0.05 ng/l to about 0.15 ng/l 2, 4-D,
about 0.4 ny/l to about 1.2 10 ng/|l Md , 7and about 1% to about 5% gl ucose,
‘nost  preferably about 0.1 ng/L 2,4-D, 0.8 ng/L Mg and 3% glucose. In an
alternate preferred enbodi nent of the callus-formng medi um nmyo-inositol,
vitam n Bl, and dinethylallyl(am no)purine are used, a, preferably 15
about 50 ng/| feombabbul50. A/ mg Ay ot neRewll 0. AUBIF L1 MY i PIRE Y10

mg/ 1 vitamn Bl dyageu 1 ﬁﬂ@ué d- 8188/ referably used
d|nethylalIyI(a%PHg)pugsnﬁgQI n@é& a?%rabl gbout 10% 5? nmyo-i nosi tol,

about 0.4 ng/l1nvthanmadBumandedbbGtrgoﬁgtra6$%%$h9l%F? 1?%ﬂ1no) puri ne.

20 The sanme nedia r I uctj,o | §Ombearused:Klbisd Ng
sel ection \/\AthIgﬁfef{%%g{:ggsfi‘%-gllrl 831199 Fh QmS?Htg 00- 400aﬁg/L cef ot axi ne or

15-30 ng/ b kand&ycrmbedTﬁerptbseﬁeédéinﬁ|ghlééﬁ@eﬂ?@éPWons Ppfeferably
about 1900 mgl |, gr%%%g@%mgau of PRk _Bhef8LabbYmahgUhedBud800 o/ L) of

nitrates (pref@ was cruclial for the observed effectlveness of
t he dlfferentlaum@mlnnﬁdjuﬁ14ﬁﬂth(%kﬁrdlQhkﬁﬁpﬁhﬁﬂ%¥¥$9Q§&ﬂ%nﬂQ$ ral t hough

the rate of cal &‘]& aﬂﬁugtlhfo;%ggaﬁrleo%édcOFE@ffﬁganSrhabomprCQBanﬁmd

cotyledon, a hi rat transtormati on was achieved. Techni ques for:
i ntroduci ng exdgerbentgdndd mav'd 2Adrbpasbertuf-duBE/thie eReYtwitf be

transterrgd stahy HhgeaPt aieLbodes 190043483 sRCH1 9ER26e00Rb6 8
preferably about 0.1 mg/L 2,4—D,'0.8 mg/L MgCl and 3%
glucose. 1In an alternate preferred embodiment of the
callus-forming medium myo-inositol, vitamin B;, and
dimethylallyl {(amino)purine are used, a, preferably

15 about 50 mg/l to about 150 mg/l myo-inositol, about 1
mg/l to about 10 mg/l vitamin B,, and about 0.1 mg/l to
about 7.5 mg/l dimethylallyl (amino)purine, most
preferably about 100 mg/l myo-inositol, about 0.4 mg/l
vitamin B, and about 5 mg/l dimethylallyl (amino)purine.

20 The same media used for callus induction can also be
used during selection with antibiotics -- for example
with 300-400 mg/L cefotaxime or 15-30 mg/L kanamycin.
The presence of high concentrations (preferably about
1900 mg/l to about 5700 mg/l, most preferably about

25 3800 mg/L) of nitrates (preferably NaNO;} was crucial
for the observed effectiveness of the differentiation
medium. With the fibrous roots as explants, although
the rate of callus-induction was lower compared with
hypocotyl and cotyledon, a higher rate of

30 transformation was achieved.

| Techniques for introducing exogenous genes into

Agrobacterium such that they will be transferred stably



to a plant or plant tissue exposed to the Agrobacteri dr ASPEFESHIZRnown in
the art andyggykgks formpart of the present invention. It is advantageous
to use a so- called "disarmed" strain -of Agrobacterium or PRI/SG¥PWIe d,
that is, a strain or plasm d wherein the ggnes responsi bl e for the
formation of the tunor characteristic of the crown gall disease caused by
w | d-type Agrobacterium are renoved or deactivated. Nunerous exanpl es of

di sarmed Agrobacterium strains are 10 found in the literature .(e.qg.,

PAL4404, pEHALAL, andy Pl J05%{ WL ket BEACNe fodebd X0 eHO M obd drd: i t her

advant agi ous to use a so-call®ed nary vect system su as t
described in U &ePaebhtknpwn inonnesdst amd do 4udt 783N Fenl odr ddvet | et

al.) and,kbeken@rééeﬂé AlventhB3. thhgaéavgﬁﬁéﬁg1§¥%&FQ&%|EO%%—for
mani pul ation in E. coif of the plasmd carryin the exogenous "gene to be
i ntroduced i nt ccahke@l datsanpkihgstragnpebcagsobdcieriwr ot ructi on nuch

easi er 10 SarT vy fUhso20e SL | A1 1Y, SYELHAr of ORPLLUER | Al daelotel gt e
construction of chinerfc ganes conprising thet exogenous - gehe one
desires to intreeseenshpbet fier pthat formatibe cfrthedtwwr usi ng t echni ques

11 -k [ f f | ion. 25
Chi mer 0 genos. SRR G- EonerT Seohr et eravinar Rk ealt Fofsed BN Rost T

whi ch expr essi ofil +4-ges rdarobaerdxanpre, rémoved sl aitragésaseto have a
bl L R e D T T N S
‘exanpl e a@@ene Lowhé@rinngher dststanoeet gecay. anphbi 004 ¢ SERALES deaD B N,
cefotaxime or sigentIVELI}ehLAKEIED: 8R! OTBEY) 2°tiYe; @ SeRbenper: 2003
advantagioué to use a so-called binary vector system, '
such as that described in U.S. Patent Nos. 4,940,838
and 5,464,763 (Schilpercort, et al.) and Hoekema et

15 al., 1983. A binary vector system allows for
manipulation in E. coli of the plasmid carrying the
exogenous gene to be introduced into the plant, making
the process of vector construction much easier to carry
out.

20 Similarly, vector construction, including the
construction of chimeric genes comprising the exogenous
gene that one desires to introduce into the plant, can
be carried out using techniques well-known in the art
and does not form part of the present invention.

25 Chimeric genes should comprise promoters that have
activity in the host in which expression is desired.

For example, it is advantageous to have a series of
selectable markers for selection of transformed cells
at various stages in the transformation process. A

30 selectable marker (for example a gene conferring

resistance to an antibiotic such as kanamycin,

cefotaxime or streptomycin) linked to a promoter active



WO 00/ 53783 PCT/ SG99/ 00016 9 in bacteria woul d permt sEFREETRAT d0%Bacteri a
containing the marker (i.e., transformants). Another sel ectable marker

| i nked t o WOBP/&83783 acti ve pronpter, such as the CaM 35S FBEEHS6O%00006¢ a
T-DNA-pronoter such 5 as the NPT Il NOS pronoter, would all ow sel ection of
transfornmed plant cells. The exogenous gere that is desired to be

I ntroduced into the plant cell should conprise a plant-active pronoter in
functional relation to the codi ng sequence, so that the pronoter drives 10
expression of the gene in the transformed plant. Again, plant-active
pronmoters, suchmdadieGaVwss, permd ENSELRFLROR BF oRREEFIHF any of a

nunber of tissue- .specifi I QIRLRTS  ( jaKe wel-LnkRgWahBs he Bidtiaad
sel ection of ar?oiﬁrﬁaélﬁrr}ga&et%prono%éf (ils eV\é| | wthin the 15 ordinary skill

in the art. Thesqlreessiitl erptchockcdrinkeduded 2t lprbdackiverBRSPRRFE, pl ant s

expressi ng any nunber_aqf, e g/n $eralBe LsToefial pabhedeBystiba choice
of such a gene.suc{}?easse heec;i?on (C%%%t e esier ed e?o%enouspgene,depe ds on 20
the goal & thes aseantherll HQF MIMACOES e xdvRke s ldPY 884PFRBPR GEnes t hat

coul d be used w L1, 11e DreSont,e | QMONL] O @:dadusNgbhe ghht(geg. ., the

fam |y of Baci t1U T HUIT ndi ensi s toxin genes, herbicide._resistance genes
such as shi ki medes syed has eogeiretsraduaed 2Rt e DRRSHE84te SPEELE: ance,

U.S. Patent No. 88, 64 £ 7 eRraFangenenkhategamfiens
com ay?eé aé%lé;rﬁt? ?ac%}fﬁ:@W n

2,4-D resistance; y eoretical and Applied Genetics, vol.
82, pp. 645-49, tomtiee stedihdt yeqepnes, steHRAL tHEe HRTOLSTe IGeNES of U. S.

Patent No, 30 5.,741. <084 (FaPhlafskd in théledans Rimiep1akite el aborate

Again, plant-active promoters, such as the CaMV 35S,

the NPT II NOS promoter or any of a number of tissue-

specific promoters, are well-known in the art and

selection of an approﬁriate promoter is well within the
i5 ordinary skill in the art.

The present method can be used to produce
transgenic plants éxpressing any number of exogenous
genes, and is not limited by the choice of such a gene.
The selection of the desired exogenous gene depends on

20 the goal of the researcher, and numerous examples of
desirable genes that could be used with the present
invention are known in the art (e.g., the family of
Bacillus thuringiénsis toxin genes, herbicide
resistance genes such as shikimate synthase genes that

25 confer glyphosate resistance, U.S5. Patent No.
5,188,642, or a 2,4-D monooxygenase gene that confers
2,4-D resistance, Bayley et al., Theoretical and
Applied Genetics, vol. 82, pp. 645-49, male sterility

_ genes such as the antisense genes of U.5., Patent No.
30 5,741,684 (Fabijanski, et al.), or even the elaborate
crop protection systems described in U.S. Patent No.
5,123,765 (Oliver, et al.}).



crop protection systens-described in U S. Patent No. 25358pBme® EOPBver, et
al.)). 9 Septenber 2003 WO 00/53783 PCT/ S@9/ 00016 10

Agr obact erWwQso53T83li ated cotton transformation is consi derred/SG99/0des art to
be heavily variety-dependant. The Coker series of cotton varieties have
been shown to be relatively easy to trausform -However, DP 5412, 5
Zhongmain 12 and many other varieties still have difficulties associated
with transformation. The situation is the same for G barbadense and ot her
di pl oi d species. Particle bonbardnent, DNA injection and infectjon of
meristemtissue mnﬂ@rA@ﬁGb&Gﬂémrnﬂda@Eed190569§ BreRF hAFMOel PRt hdds, which

can be used tQ, Lrastar i), Lhet BELI Vo BEInbBEsEqtvan; ¥aylabiesdadte
probl ens associate h t’hese nmethods are: low efficiency of

t r ansf or mat i offhan@olkest sbrékenpél cabten vesipties| haye BepReIREWENEP t he
present method,hgs 119106937 .amp! L6abEhhbYokA. t rABEPLERL DENsofapot ton

varieties, as’It overcone nimzes several of the probl ens associ ated.
Wwith preﬁlousmedgmaﬂnaﬂﬁn@nﬁomacatP@heFraﬁ§F6FﬁﬁF|6Hl%§u5ﬁvﬁs br eakt hr ough

of non- trans(f%ﬂ?%%dﬁyle%§ Eggéa%éel@@EthQQﬁQf@BﬂanﬁhZO thansformation

rate, poor sonatic regenera I'on hrough the use of fibrous root explants.
The foIIomﬁng:ﬂhhﬁﬂmmatu@n$h@reamgeJOFoGde@ﬁgﬁé@@nséuPPGrétﬁﬁﬁla useful in

connection wt resent is m ph@g 1Baekeibhypt one +
5g bact o- yeast E’ %¥gc %%e ﬁgﬁklggf %Egbﬁrﬁﬁﬁh% o?g e# gl ,11968

Sigma, Cat. Nand infection of merlstem tissue w1th Agrobacterlum are

10 some alternative methods, which can be used to
transform, in theory, all the cotton varieties. The
problems associated with these methods are: low
efficiency of transformation and unstable/unreliable
results. It is believed that the present method has

15 broad applicability to transformation of cotton
varieties, as it overcomes or minimizes several of the
problems associated with previous work relating to
cotton transformation (such as breakthrough of non-
transformed callus, poor explant growth and low

20 transformation rate, poor somatic regeneration) through
the use of fibrous root explants.

The following abbreviations are used to designate

culture media useful in connection with the present

invention:
25 LB medium (10g bacto-tryptone1+ 5g bacto-yeast
extract + 10g NaCl);
BS medium (Gamborg et al., 1968; Sigma, Cat. No.
G-5768) ;
MS medium (Murashige et al., 1962; Sigma, Cat. No.
30 M-5524) ;

SH medium (Stewart & Hsu, 1977. Planta 137,
113-117);



G'5768); M5 medium (Mirashige et.al., 1962; Sigma, Caf. RB*™%56 fFB324):

Sli nmedium (Stewart & Hsu, 1977. Planta 137, 113-117); 9 Septenber' 2003 WO
00/ 53783 PEM058/ 00016 11 CB- 1 (3z MB + ', ~ B5 Vitanin BCDSGOYBYSL NAA)
CB-1.2 (" B5 mediunm) ; CB-2.1 (M5 macro + B5 mcro + 0.05ng/L 2,4-D +
0.1ng/L kinetin + 3% glucose + 2g/L gellahtgum 5 (PhytaGeTM Sigma) +
0.93nmg/ L MyCl2. 6H20, pH5.8) ; CB-2.2 (M5 macro + 100ng/L nyo-inositol +
0.4ng/L vitamn Bl + 5ng/L 2iP (6 - (yy- dinmethylally(am no)purine)+

0.2ng/L NAA + 3% glucgse + 2g/L gellan m ¢ Phyt ' ) + 10 0.
93ny/ L MyCl 2- 6H201 fsley ;(‘fc%.se,ng(@‘é??‘ﬂiﬁ%ﬂ%ﬁ*%ﬁ%ﬁm + 50mg/ L
kananycin); CB-3.2 (@B1222 (= 5B0mgliumetot axi me + 50ng/ L kananycin); 15

CB-4 (Modified CB--3.1 or. CB-3.2 by adding.doubl e f 4K and
rermvi(ng NHANCS wi t Bz L ME m@&f:ét 3xghe%é85026rr8/§gg§2%rrgéi4n : "CB-5 (SH +

1. 5% Sucrose + 29/ L geakdggn, gumetlBhyt 36ebIMcoSegmapg#L0g83gab MYBL21 pH7. 0)
20 The foll ow ng Exanples are intended tq il ustr t present,, .
i nvention,5 and not iq?w%ﬁ”,t R 1%5‘ 93%3&?}%i20¢1%9$ Egﬁ’ém’defi ned
by the clainms. EXAVRIg=)l2> Regergkabi en10DmgoLt ayoPliantstbiom Roding/Ti ssue
Cul ture . .
vitamin Bl + 5mg/L 2iP (6 - {(vyy-
dimethylally (amino)purine)+ 0.2mg/L NAA + 3%
glucose + 2g/L gellan qum (PhytaGel™, Sigma) +
10 0.93mg/L MgCl, 6H,0, pH5.8);
CB=3.1 (CB-2.1+ 500 mg/L cefotaxime + 50mg/L
kanamycin} ;

CB-3.2 (CB-2.2 + 500mg/L cefotaxime + 50mg/L

kanamycin) ;

15 CB-4 (Modified CB-3.1 or CB-3.2 by adding double
amount of KNO, and removing NH,NO; with 250 mg/L
cefotaxime and 20mg/L kanamycin);

CB=5 (SH + 1.5% Sucrose + 2g/L gellan gum
(PhytaGel™, Sigma) + 0.93g/L MgCl,, pH7.0).

20 The following Examples are intended to illustrate
the present invention, and not in any way to limit its

scope, which is solely defined by the claims.

EXAMPLE 1: Regeneration of Cotton Plants from Root
Tissue Culture
25 Preparation of Root Explants: Cotton seeds were
sterilized in 70% ethanol for 10-15 min., and then
treated with 10% H,0, for 30-120 mins. Treated seeds
were rinsed in sterile water‘for 24 hrs at 28°C and
germinated on either CB-1.1 medium or CB-1.2 medium at

30 28°C - 30°C, 16h light (60-90 nE m™? s™). Seven to ten



25 Preparation of Root Explants: Cotton seeds were stfeffRiI®&T A099%

et hanol for 10-15 mn., and then treated wth 10% H202 for 30-120 sins.
Treated sWEW/S3{8Bre rinsed in sterile water for 24 hrs at PEBECHAYI6
germ nated on either CB-1.1 nediumor CB-1.2 nediumat 30 28C - 30C, 16h
light (60-90 pE n2 s'3) . Seven to ten 918eptenber 2003 WO 00/53783 12
PCTI S&9/ 00016 days sterile seedlings thus grown were used to prepare
explants. It was found that plentiful healthy roots (longer and thicker)

with white col or were obtained usin --1.1 nediu whe S rter and
thi nner root s da i S4eGry %Q?%W’Fgctg?‘b? WEPE obt i ﬁlesc?%??’n5§?ﬁ)gtr -1.2
g?g' um Therefgy, L. fl I’@S-:é-‘é"eﬁgdliﬂxd ah4tirp heit ik hed e tioor sof  cal | i :

i brous roots were cut from, seedlings and, cultured on CB-2. ium or
CB--2.2 nedi umheraes@nd JgE Tk HiEkh LTS 1R gTRE St B uE W 2
sT') . The optidumg stEe; fPrmd@Aim eXPh&réSs Walso btagr amd ¥hirewersneldtscal | i
initiated on the cut sites of root, segnents

[ inas Little 3 S., In
general , 5trarkskieh ¥R hyRR ™ dFO LR y‘I’%H%nOkég%Jr% ST '?%da td(?_»% "fitiate
cal lus on indygdgpuiedi tie lteF, ulaysl Wos Homeyen, fqr efumitset ordifie present

I nvention, transformed root explants wepe generally found initiate
callus only after Tedwalioniotufdt¥atio 1bgﬂ1ésc5?%‘¥s O‘Fef%e&&r 00 c)réaxpl ant s

was whi ]Ee- ho‘esé‘gétiﬁéé einaSoBltugad| bn DRFE.al Rediunt batE@R-Z rdm ot her
AN RV o DR G NGy N o T
from theyghol eyrogtz sevpl anhe apeigiew siedd £ ddue tewpliandscivag fedi a, CB-
mm. A few small calli initiated on the cut sites of
root segments in as little as 3 days. In general,
transformed hypocotyl or cotyledon explants started to
initiate callus on inducing medium after 3 days.

15 However, previous to the present invention, transformed
root explants were generally found to initiate callus
only after 10 days of cultivation. The color of thé
root explants was white. One week later, small calli
were also initiated from other parts of the root

20 segments. The color of the root explants changed to
grey or even brown. At the end of 2 weeks of
cultivation, calli initiated from the whole root
explants and grew well. Of the two inducing media, CB-
2.2 was found to induce good callus formation, while

25 CB-2.1 did not. On CB-2.2 medium, root explants grew
well, and the microcallus initiated on the cut sites of
the explant. About 10% of root explants initiated
callus after only 3 days on the medium. ©On the other
hand, while CB-2.1 medium supported the growth of the

30 root explants well, there was no callus initiation on
the cut sites. The efficiency of callus-induction with

root explants on the CB-2.2 medium was 10%, which was



2.2 was found to induce good callus formation, while 3558BIPErG2E0%0t. On
CB-2.2 nedium root explants grew well, and the mcrocallus initiated on
the cut sM@®/s3783 t he explant. About 10% of r oot expl ant Sp(l;ﬂségg%@]q cal l us
after only 3 days on the nedium On the other hand, while CB--2.1 nedium.
supported the growth of the 30 root expla®ts well, there was no callus
initiation on the cut sites. The efficiency of cal | us-induction with root
explants on the CB-2.2 nediumwas 10% which was 9 Septenber 2003 WO

00/ 53783 PCT/ S@9/ 00016 13 | ower than that with ocotyl or cotyl edon

expl ants (20-B809gr phagnkhaly with &m%%%ﬁ%&%& Jegon ex@deritén and

transformation(2hLs64 PNCYA APRAALSy | &f dabhrrd, sl iRegeneration of
root calli: After one nonth, the calli were transferred to new medium for

subcul ture on 1RfRGELOTRING 4randf PRk of bl GhaiDmAPREAES 2Mont hs  of
subcul ture, thespatuie saldw. were transferred to CB- 4 (wi thout antibiotic)

for induction of somatic 10 enbryos. d utanm ne and L-asparagine vvere added
in amounfs of 0.5 RBPENGFYTHOD %/EOOFe%‘i‘J]eJc‘H vethtex (?nepﬂ'tﬂ%ﬁ’tl‘e

enbryogenesi s. c R (0¥ rs OPBLHSFEABEN 080 Wekw mécﬂ)j[tﬁ‘iedfdln stdkﬁ:u.ﬁrfbméogﬁﬂl c
calli after 2 nmonths of _cultivation, with subcul tures in between on the

same 15 nedi a. SPFNREr (P53 bt PRALHBr 9BsC @ve?ez AR ur ST th@oEdD e nedi a

for another nopthshBEQLEUPB} UEBeSRABLEE c&IDI Ybsraereadgrdrbd Sememf the
somati c errbryos devel oped topE' antlets These smal |l _plantlets were

transferred t ol CBYSheRF LARESPIPBE) | RORCHRIFCE R PDFIHE IR ant | et s had
made rooie on ERBrEBsd NedivAmiAeband L-asparagine were added in

amounts of 0.5 mg/L and 0.2 mg/L, respectively, to
promote embryogenesis. Primary somatic embryos were
formed on the embryogenic calli after 2 months of
cultivation, with 2 subcultures in between on the same’

15 media. Primary somatic embryos were subcultured on the
same media for another month before mature somatic
embryos were formed. Some of the somatic embryos
developed to plantlets. These small plantlets were
transferred to CB-5 medium for root induction. When

20 the plantlets had made roocts on the CB-5 medium (4-6
weeks), they were transferred to soil and maintained in
an incubator under high humidity for 3-4 weeks at 28°C,
16h light (60-90 pE m™? s™'), and then transferred to

large pots with soil in a green house.

25 EXAMPLE 2: Agrobacterium Transformation and Culture
The plasmid pBKS (358:LUC) (see Fig. 1) was
generated by cloning the luc coding sequence from the
BamHI/Stul fragment of plasmid pGEMluc into the

blunt-ended Stul site of the plasmid pVIP96 (see Fig.
30 2.



weeks), they were transferred to -soil and maintained Pn SR THEubaldr under
hi gh hunigjt¥ygﬂ$ 3-4 weeks at 28C, 16h light (60-90 uE n2 s-1), and then
transferr 8¢ P4 arge pots with soil in a green house. 25° 08015
Agrobacterium Transformation and Culture The plasm d pBK9 (35S:LUC) (see
Fig. 1) was generated by cloning the |ucl@ding sequence fromthe
BamHlI / Stul fragnent of plasmd pCGEMuc into the blunt-ended Stul site of
the plasmd pVIP96 (see Fig. 30 2). 9 Septenber 2003 WO 00153783

PCT/ SG99/ 00016 14 Prepared conpetent, cel (4 mcrolji in, Eppendorf
tube from -80C merePEﬁPaBﬁdiEgRP%t?%EmfeiiﬁagﬁﬁélT%ﬁf%%%gé%Héglin t he
cell's. After geppbRdoFEXtiBe EBEmM K0W arewas putcumaties ¢ itdawl.or 45 5

m nutes. The Eppéndorf tube containing the mxture p into liquid :
nitrogen for 1giﬁﬁ@ﬂ€ DNA Wpeerdardsiinthg %%f%?'ba¥§§?§7¥§“¢%§ 3 minutes.
After the incuhatihgn, +880mIkeneki ks Lfcupdted ¢mi ibeuforablibiotics) was
added into the mxture and the tuhe 10 with_the m xtur | at ;
28C for 35hour §1NUALSer ghﬁrﬁQPeEgﬂF%iFg%%t?8ﬂ€%%ni3?Oggxfﬁﬁ%Pﬁggaégg
mcroliter supgipRatiafb Waguignayedogdhefoest minthe angdafire vesrds xea wel |
with the cell pellet and

he __m xture was, plated o LB.plates containing
100 g/ L 15 kaRaMpcesr 2R 1d§7ﬁﬁ?L.%ﬁriﬁh S %9%53%3#5 t r ansf or ned
LBA4404 cel | s figicipd tG@nQnige® enckbeitpkalBsmediaboywidBohburs at 28C.

Agrobacteriura strai,n ,LBA4404 harbqri.ng t | asmi.d_pBK S; was
i%itiated on LBTOSHROLASSH W&ﬁaﬁ;ﬁ? &ggongﬁﬁ$plx L8P éﬁé_phBED

10 with the mixture was incubated at 28°C for 3 hours.
After a brief centrifugation at 12,000 rmp, 800
microliter supernatant was removed. The rest of the
medium was mixed well with the cell pellet and the
mixture was plated onto LB plates containing 100 mg/L -

15 kanamycin and 100 mg/L streptomycin. Successful
transformed LBA4404 cells formed colonles on the
plates in about 48 hours at 28°C. Agrobacterium strain
LBA4404 harboring the plasmid pBKS8 (35S:LUC) was
initiated on LB plate with kanamycin (50 mg/L),

20 streptomycin (50 mg/L) and refamycin (50 mg/L). A
single colony was inoculated into LB liquid medium
without antibiotics and grown overnight for about 18 h
at 28°C on a gyratory shaker. The optical density (RAg)

value was adjusted to 0.1 - 0.4 in liquid LB medium

25 prior to use.
EXAMPLE 3: Transformation of Root Explant Tissue
and Regeneration of Transgenic Cotton
Plants

Root explants were obtained by cultivating sterile
30 cotton seeds as described in Example 1, above, on CB-

1.1 medium. Fibrous roots were cut from seedlings and



20 streptonycin (50 ng/L) and refanycin (50 ng/L). A 2sPeRienRes A3 was

i noculated into LB liquid medium w thout antibiotics and grown overni ght
for about WQOH5378% 28C on a gyratory shaker. The optical densGdyonoan00)
val ue was adjusted to 0.1.- 0.4 in liquid LB nmedium 25 prior to use.
EXAMPLE 3:" Transformati on of Root Explant5Ti ssue and Regeneration of
Transgenic Cotton Plants Root explants were obtai-ned by cultivating
sterile 30 cotton seeds as described in Exanple 1 above, on CB 1.1

medi um Fi brous roots were cut from seedlings and Sept enber 2003 WO
00/ 53783 PCT/ Se39/066 611 SBcdl Bufer breocsrysp 16 H@h ayeV-AGPE i Hht

(60-90 pE m 2.51) Thgh?lfjkﬁﬁgufoéﬁ)@tﬁef@r&éﬁ%@“ﬁnﬁ@%&naﬂ@'| segnent s
(5-10 mm and |ncubat ed wt he cel susgenm on cul ture_ of Agrobacterium

t unef aci ens staesmers s_BA4404mrar BBAI Apcrhatpfaditl pBROCESES: LUC) (A600 =

0.1-0.6) of %S%Jnorcu:!t%u%n fAIq%,%bgr:@éB@gﬂ ehmekheibast et aln
soI ution, the root explants were cul fured 8C, 16h light (60-90 pE m2

s-') for gan acldiPt‘li@ﬂalharﬁmlMy§heTﬁéa§¥9HﬂnHﬁK80rﬁ§éﬁfPH‘F?ohA(Bﬁ The 10

Agrobact eri umgstyr. = L hO@Ly  €XPLAAlS Weser! QVRENEAHE08F0. 1-0. 4)
than that for Oﬁyp—?cgst y%gt?\%% E’gty edoﬁ explants (A( 660— SHO@g Opt i mal

bacterial cordentrantieonialdiselN6Eon) f 6Be LRELGEERLADEF ’t"ﬁéer'é’éituéﬁﬁl ant's
and the Subse%@r%eoea' by }mgﬂﬁtwﬁuedaﬁqﬁ*zyhsuwé sﬁplaaa&ﬁwﬁa@ washed
i

twice with sterile distil water and transferred to CB-3.1 nedium or
CB- 3. 2 nedi umtwsr dansi vatheoepitimpgcconggntration of the

10 Agrobacterium stféin LBA4404 for root explants was
lower (Rgp=0.1-0.4) than that for hypocotyl and
cotyledon explants (BR¢p=0.3-0.6). Optimal bacterial
concentrations did not affect the growth of the root
explants and the subseguent callus induction.

15 Co-cultured explants were washed twice with
‘sterile distilled water and transferred to CB-3.1
medium or CB-3.2 medium for cultivation at 28°C, 16h
light (60-90 pE m? s™).

After four weeks, kanamycin-resistant calli were

20 selected and subcultured on the same media for the
second selection. At the same time, some of the callil
were selected to detect the LUC expression with the
luciferase luminescence image system (see Example 4,
below). The process of inducing callus took about 2

25 months. The efficiency of callus induction from root
explant was lower compared with that from hypocotyl and
cotyledon explants. .

Kanamycin-resistant calli were transferred to CB-4
medium to induce embryogenic calli and somatic embryos.

30 After 4-6 weeks of cultivation, with one subculture,
mature somatic embryos appeared on the calli.

Plantlets developed afterwards from some of the



light (60-90 pE m2 s-1) . After four weeks, kananyci R- PRRTEPSH 288711 were
20 sel ected-and subcultured on the sane nedia for the second selection. At
the same WO/S383me of the calli were selected to detect PEHSGNATI6
expression with the |luciferase |um nescence i mage system (see Exanpl e 4,
bel ow). The process of inducing callus té8k about 2 25 months. The
efficiency of callus induction fromroot explant was |ower conpared with
that from hypocotyl and cotyl edon explants. Kananycin-resistant caI li were
transferredto Lum to indyce r | | L ti
enbryos. §ry°z'13 "6 \%@ 6 ﬁlit%ln\t/:giflt%osyn%\%%t %h%% Itra% F?ggg mat ur e
somatic enbrycrsa ﬂr@adilmm tles-&al Ifiox riéloa:ntnlnehmtd@vlel opdgnaft erwards from

sonme of the 9 _Sep 2003 00/ 378 eyases] A The
green pl ant! e a\ﬁéﬁ c{)r’@% rre %h]e oo%g e %Q%Jr?_&gﬂ‘g ;%%11 oot

i nducti on. Whemd prlaani‘daeirmdwam rmdanrtmhiast,oxt hmdammmhr angfidited ftoc,v soi |

and nmai ntai ne |nan|nc Ql gl QF2 at 28C,
16h |ight” (60- ¢ }"‘felf}i\ﬁf az% ‘a tt@r@s% det 05:1 grge pots W|th
soil in a gr emmrwuﬁx@e Ibattfscmm ca‘oﬂumrf@rmehchowsey Pl ant
materials (such as callus, |eaf and whole 10 plantlet) were sprayed with a
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mM potassium luciferin and 0.01% (w/v)
polyoxyethylenesorbitan monolaurate (Tween—-20) and left
for 30 min. The luciferase luminescence from these
plant materials was visualized using an

15 .image—-intensifying camera and photon-counting image
processors purchased from Prinston Instruments Inc.,
3660 Quakerbridge Road, Trenton, NJ 08619. The '
exposure time was 6 min. The electronic images were
converted to Microsoft Powerpoint TIFF files and

20 printed out from a standard color printer.

Callus growing on selected medium for one month
was selected to test LUC expression with the wvideo
image system. The positive transformed callus had
white spots whereas untransformed callus did not. ©Out

25 of the 139 pieces of kanamycin resistant calli, 49
pieces were positive with LUC activity. The successful
transformation rate was therefor 35%, which was much

higher than that seen uSing cotyledon or hypocotyl as
explant (20%).
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Agrobacterium tumefaciens that harbors a
vector comprising an exogenous gene and a
selectable marker, the Agrobacterium being
capable of effecting the stable transfer of
the exogencus gene and selection agent
resistance gene to the genome of the cells of
the callus,

{(d) culturing the callus in the presence of
the selection agent to which the selection
agent resistance gene confers resistance so
as to select for transformed callus,
. {e) inducing embryogenic callus and somatic embryo

formation in the selected callus culture, and

(f) regenerating the induced somatic embryos

into whole transgenic cotton plants.

2. The method of claim 1 wherein the cotton fibrous
root explants are obtained by growing cotton
seedlings in the presence of multi-effect

triazole.

3. The method of claim 2 wherein the multi-effect
triazole is in a concentration of about 0.05 mg/l
to about 0.2 mg/l.
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~the callus in the presence of the selection agent to which the sel ection
agent resistance genertdFis sly ddi st A ayyragd ono ofepbouts @ 1t marsf.or med
callus, (e) inducing enbryogenic callus and somatic enbryo formation in
t he selected callus culture, and enerating the induced somatic
embryos into whole Th%ﬂﬁﬂﬁ?ﬂdbC%bﬁ#éhmp%aﬂb%re%ﬁ Hee CRECRBISBREL R 1
wherein the cotton flbrous root plant b b FOMAn ,cotton
seedlings in the pres%%c ePF%géng%rlaf%%g&%%ha¥ﬁ nmethod“of clai m

2 wherein %he nult|-£&i@ct trlazole is in a concentration of about 0.05
ng/l  to about 0.2 ng/l.

6. The method of claim 5 wherein the o naphthalene
acetic acid is in a concentration of about 0.01
mg/l to about 0.2 mg/l.

1. The method of claim 6 wherein the o naphthalene
10 acetic acid is in a concentration of about 0.05-
mg/Ll.
8. The method of claim 1 wherein the step of

regenerating the somatic embryos is carried out in

the presence of multi-effect triazole.

15 9. The method of claim 8 wherein the multi-effect
triazole is in a concentration of about 0.05 mg/l
to about 0.2 mg/l.

10. The_ method of claim 9 wherein the multi-effect

triazole is in a concentration of about 0.1 mg/l.

20 11. The method of claim 8 wherein the step of
regenerating the somatic embryos is carried out in
the additional presence of o naphthalene acetic
acid.
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mul ti-eff m%% 10 PCT/ S&9/ 00016 triazole is in a concentration of about
0.1 ng/1. 5. & nethod of claim 1 wherein the cotton seedAGTRESI0OMEe gr own
in the presence of a naphthal ene acetic acid. 6. The nethod of claim5
wherein the a naphthal ene acetic acid i s°Pn a concentration of about 0.01
ng/l to about 0.2 ng/l. 7. The nmethod of claim®6 wherein the a naphthal ene
acetic acid is in a concentration of about 0.05 M/I. 8. The nethod of

claim 1, wherei st he e r r.at.i | %n?r [ arried
out in the prggéncg%%fﬂﬁg PF—% f%@ﬁqbr?gzgng%%gagb%The ﬁ§?§88§8 “claim 8
wherein the nulti-effcettic acigzdlse ins aj goacevnsarttioat iodh abouabodu010. 05 ny/ 1

to about 0.2 ng/l. 1T dnof, ¢lahm 9 wherein the nulti-effect
triazole is in a co#’é%t?gtggﬁﬁgfoégoﬁﬁ?éfl nmg/l. 20 11. The met hod of

claim8 wherein the step of regenerating the somatic enbryos is carried
out in the addi:stiogal, pr f .napht hal a i | ept enber
2003 WO 00/ 537 3.26&%8Tﬁ§23§%8%§2gr%1& EE Qﬂe%%%n ol %rn%%tha%ege
5 acetic acid is in a concentration of about 0.05
mg/l.

14. The method of claim 1 wherein the step of inducing
callus formation is carried out in a callus
inducing culture medium comprising myo-inositol,

10 vitamin B; and a dimethylallyl (amino)purine.

15. The method of claim 1 wherein the step of inducing
somatic embryo formation is carried out in a
somatic embryo inducing culture medium comprising
myo-inositol, vitamin B,, and a

5 dimethylallyl (amino)purine.

16. The method of claim 14 wherein the callus inducing
culture medium comprises myo-inositol in an amount
from 50 mg/L to 150 mg/L, vitamin B, in an amount
from 0.2 to 10 mg/L and a

5 dimethylallyl (amino)purine in an amount from 0.1
to 7.5 mg/L.

17. The method of claim 16 wherein the callus inducing
culture medium comprises 100 mg/L myo-inositol,
0.4 mg/L vitamin B, and 5 mg/L
dimethylallyl {amino)purine.



12. The method of claim 11 wherein the-a naphthal ene ~at@TE%E 4°F2% in a
concentration of about 0.01 ng/l to about 0.2 ng/l. 13. The nethod of
claim 12 WRPE383t he a naphthalene 5 acetic acid is in aPCR$E8OIMGELI on of
about 0.05 ng/1l. 14. The nethod of cl ai m.1 wherein the step of inducing
callus formation is carried out in a cal I us inducing culture medium
conprising nyo-inositol, 10 vitam n Bl and a di nethylallyl (am no) puri ne.
15. The method of claim 1l wherein the step of inducing somatic enbryo

formation is cagrieg,Q etﬂo@ oS UBL{fe BIDLNOr & 1Y USh & G Sl il RniBRdioum

conprising nmyo-inosito tamn Bl, and a 5 dinethylallyl(am no)purine.
16. The method of ciacﬁmmgmelw:ﬁatrr@dbwm@mpﬁw H@YOTH}Q%}’(@M um

conpri ses nyo-inosi}ol EP?an‘SO £ & 00y, g/ kn ¥htamn Bl
in an anount from %8 aﬂn&u% L and a 5 di rr(ggfﬁyl al | yI (am noilpurl ne in an
amount from 0.1 toarﬁoﬁnhgftomlo’ 2 The hethodlo#ndl aim 16 wherein the callus
i nducing cculture i DOShEOhnt -y /oy vitam n
Bl and 5 rrg/L di mﬁ%ﬁgﬁfggi%fﬁ%%ﬁg%ﬁgékg%g%terrber 2%03 WO 00/ 53783
PGT/ S&@9/ 00016 27 180 The mefhod of claim 15 wherein the somatic enbryo

i nduci ng cul ture medi um conprises nyo-inositol in an anmbunt from50 to 100
mg/L, vitamn Bl in an anount fromO0.2 to 10 ng/L and 5
di et hyl al | yl (& noYherinnehpd afi akaimt 18rehepedn the somatic embryo

inducing medium comprises 100 mg/L myo-inositol,
0.4 mg/L vitamin B, and 5 mg/L
dimethylallyl {amino}purine.

20. The method of claim 1 wherein the step of inducing
‘callus formation is carried out in a callus
inducing culture medium comprising vitamin B,
(2,4—dichlorophenoxy)acetic acid, MgCl and

glucose.

21. The method of claim 1 wherein the step of inducing
somatic embryo formation is carried out in a
somatic embryo inducing culture medium comprising
vitamin By (2,4-dichlorophenoxy)acetic acid, MgCl

5 ~and glucose.

22. The method of claim 20 wherein the callus inducing
culture medium comprises vitamin B; in an amount
from 0.2 mg/L to 10 mg/L, (2,4-
dichlorophenoxy)acetic acid in an amount ffom 0.05
5 . mg/L to 0.15 mg/L, MgCl in an amount from 0.4 mg/L
to 1.2 mg/L and glucose in an amount from 1% to
5

o



to 0.5 mg/L. 19. The method of claim 18 wherein the sONERETBREr §8°3

i nduci ng nmedi um conprises 100 ng/L nyo-inositol,
mg/ L di nWOBEEBEy| (ani no) puri ne.

step of inducing

cul ture nmediumconprising vitamn B5, (

Myl and gl ucose.

to 10 ng/L, (2, 4-
ng/L to 0.15 ng/L,

23. The net hod of

e nethod of c

alm 20 whereln the ca

I n an anount rom

from0.2 ng/L to 10 ny/L,

25.

26.

27.

28.

29.

2,4
amount érom 0.2 mg/L to 10 mg/L, (2,4-
dichlorophenocxy)acetic acid in an amount from 0.05
mg/L to 0.15 mg/L, MgCIl in an amount from 0.4 mg/L

to 1.2 mg/L and glucose in an amount from 1% to
5

e

The method of c¢laim 24 wherein the somatic embryo.
inducing medium comprises 0.4 mg/L vitamin B, 0.1
mg/L (2,4-dichlorophenoxy)acetic acid, 0.8 mg/L
MgCl and 3% glucose.

A method according to any of claims 14-25, wherein

the medium further comprises gellan gum.

A method according to claim 26 wherein the gellan
gum is present in an amount from 1.0 g/L to 3.0
g/L.

The method of claim 1 wherein the step of inducing
somatic embryo culture is carried cut in a somatic
embryo-inducing medium comprising a nitrate in an

amcunt from 1900 mg/L to 5700 mg/L.

The method of claim-28 wherein the somatic embryo-

inducing medium comprises 3800 mg/L nitrate.

0.4 ng/L vitamn Bl and 5
20. The net hod of cl ai necr/sésoredls t he
callus formation is ca%Eied out in a callus inducing
, 4- di chl or ophenoxy) aceti c acid,

21. The nmethod of claim 1l wherein the step of inducing
somatic enbryo formation is carried out in a somatic enbryo inducing
culture nediu 0 [Si i ' . 202, A=di.chl p ) 3 keoacid,
o e e glr@uscdogrg_mgs ikndf] A MR 202, Aedesh! ehepagnoKy 1AG8L 1 Ao
i nduci ng cul ture raditwnsagstiivesonprasies Bs4i madh gibamin Bsonf Ol 2 ny/L

IR or0PhenQY)o I Lo k02 Upt of 0.05 5
A e B st P 0 h - B8k ol ucose
in an anmount from ™8Glo argh,3% WBemcdeber ' 2003 WO 00/ 53783 PCT/ SG9/ 00016 28
claim22 wherein the callus inducing culture nmedium
conprises 0.4 ng/L vitamin B5, 0.1 ng/L (2,4-dichlorophenoxy)acetic acid,
0.8 nmg/L MyC24%nd e gaidesk o4 lapme 2detvhededn Ehai srRratikeeBbryohe

somatic enbryo i NGyl g !l dditen B HedunP BRib 38 S %! L3FLRA1 RSBl NiANap @mount

I



di chl or ophenoxy) acetic acid in an amount from0.05 5 ngfir¥ees. $8%%y/L,
MyCl in an anobunt fromO0.4 ng/L to 1.2 ng/L and glucose in an anount from
1% to 50WQBNS3T8Ie net hod of claim24 wherein the somati cremRGyspeisnduci ng
medi um conprises 0.4 ng/L vitamn B5, 0.1 ng/L (2,4-dichl orophenoxy)acetic
acid, 0.8 ng/L MCL and 3% gl ucose. 26. 9 net hod according to any of
clains 14-25, wherein the nmediumfurther conprises gellan gum 27. A

nmet hod according to cl ai m 26 wherein the gellan gumis present. in an
anount from1.Q g/L to 3. g/L. 28. The nethod of claim 1l wherein the step .
of inducing sofatié E‘ﬁi’&?‘?@ é‘GFPEPé“FSt%a‘F%F%ﬂr ott2th 48 sofretPc
enbryo-induci ng nediw#eredpPihal REtaabet {atgai®,.an amount from 1900 ny/L to
5700 ng/L. 29. The nethod of claim 28 wherein the somatic enbryo- inducing
medi um conprises 3800 ng/L nitrate. 9 Septenber’' 2003 WO 00/ 53783

PCT/ S&9/ 00016 29 30. A nethod according to either claim28 or 29, wherein
the nitrate i s NaNGC3.



