Title: AGROBACTERI UM MEDI ATED TRANSFORMATI ON OF COTTON WRRPTRSFER CBXPLANTS
Abstract A nethod is disclosed for producing a transgenic cotton pl ant
conprising the steps of (a) obtaining cottonfibrous root explants, (b)
cul turing /5878r ous root explants to induce callus formetTs699/do6ds
exposing root callus to a culture of Ag;obacterinn tumef aci ens that harbors
a vector conprising an exogenous gene d a selectable marker, the
Agrobact eri um bei ng capabl e of effecting the stable transfer of the
exogenous gene and sel ection agent resistance gene to the genone of the
cells of the explant, (d) culturing the callus in the presence of the
sel ection agent to which the selection agent resistance gene confers
resi stance so as to select for transfornmed cells, (e) inducing somatic
enbryo formation in the selected callus culture, and (f) regenerating the
i nduced somatic enbryos into whole transgenic cotton plants. 9
Sept enber’ 2003 WD 00/ 53783 PCT/ S(29/ 00016 | Agrobacterium Medi at ed
Transformation of Cotton Wth Novel Explants Technical 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 Agrobact&ysiaia dtersimaed e iTRonel ot @1 Sof

‘ Cotton With Novel Explants

Te i 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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veget abl es and_other econom cally inportant crogs, w ||l be genetically
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1996; Fraley et al., 1986; Herrera-Estrella et al., ;. Hoekema et al.
1983; Horsch e?taP;;f1§§§§‘JEPF§F§BHFSE§S*}3R§§I§5"1égg$? Fekdt? ot t he

new technol ogyawi || 1bg3ysadrienl@tci aereasesyi ebdcreppoayelbsberrgamsjty and
create new varieties which are re%istant to heﬁgicidegé gest insect s,

h
nemat odes and dPS8asesIPIGRAEOR9OERSIBRN ESCREPLEAY ¥864: PIoNATR Revart,
1992; Minpay etnakeasel993ldRaliapekaeatiberabuall®9bandchebhte 106,

Stewart, - varieties which are resistant to herbicides, pest
insects, nematodes and diseases (John, 1996; John &
Keller, 1996; John & Stewart, 1982; Murray et al.,
1993; Rajasekaran et al., 1996; Schell, 1997; Stewart;

15 1992) . | |

1. Tissue Culture of Cotton: In 1935, Skovsted

reported the first embryo culture of cotton. Beasley
{(1971) reported callus formation in cotton as an
outgrowth from the micropylar end of fertilized ovules

20 on MS medium. Somatic embryogenesis was achieved from
a suspension culture of G. klotzschianum (Prive &
Smith, 1979). 1In 1983, Davidonis & Hamilton first
succeeded in efficient and repeatable regeneration of
cotton (G. hirsutum L.) plants from callus after

25 two-year cultivation. Cotton plants were since
regenerated through somatic embryogenesis from
different explants (Zhang & Feng, 1992; Zhang, 1994)
including cotyledon (Davinonis et al., 1987; Davidonis
& Hamilton, 1983; Finer, 1988; Firoozabady et al., :

30 1987), hypocotyl (Cousins et al., 1991; Rangan &
Zavala, 1984; Rangan & Rajasekaran, 19926; Trolinder &
Goodin, 1988; Umbeck et al., 1987, 1989), stem (Altman
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al ., 1985° GouPmikh:al2841963Wed phedles ShARS haoaWwabge)RO %ﬁﬁ%RNe enbryo

(Beasl ey, 197119504, eleak Flﬂi817_3& %gmrtléewusa&@ﬂ?& HbEDkemet i ol e
(Finer &5 Smth 1984 1990), | eaf

(Finer & Snithl%8684: r@ﬁﬁeﬂcﬁeﬁoﬁa§kér %g§§86§u°r%5ts§ gﬁﬁ§”X|a, 1991; Kuo

et al., 1989),cacalbusréfipet SchuMibheniod@BeTr31ohdalest efl .3l .199991)
and protopl ast (Chen et al 1989 10 g C?éégg Transformation: Explants
(such as hypoRBfyProEsPyrEdonChERI Plis2dene from hypocotyl and

cotyl edopp as wel |l as cHgebur ergafbEyemhthane bEgPlants (such as
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.
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hi rsutumcv. > 5415 . and irs .Cc i 12, aH6 not
r egener at§abl eD&glnraD?zr%%as#]%rercr%atﬂqé ’b&tg{é?ésg]mr?é{%hch%? %g'Se&tggr?gér' 2003 WO
00/ 53783 PCT/ &840 1 - disss exhron gaide \rico s eadqidriosigdind ft he i nventor's own

experimental dal. - JLOPSldd CLANGY oy G HSANUCLa0 5 (AL sdampe
achi eved usi ng he ypocotyl as arf explant. wever, the transformation
rate was only @D%ré&ddéifnaozabadptetardformkEgB8 e ldsseckd Jetlcad ., 1987).

Several factor d eakthr qu f n%fﬂf_f r i to
chinmeric call iﬁ%%ns -ésf?nbé&%fg p@eé.lc}rﬁ%n%%v%yl r?%tqzra;ns oérirrdgg'%cgﬁ%l}éslzc (t% | ow
kanamyciTo | evetsten hegblimvelard dedidnyci (2)i sxapedienae-tereotdent expl ant s
and calli); (deféggibgnfﬁ_fﬁ%ﬁ?"gﬂgges 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.
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(0] on

steps of (&) ob 2i ni ng o rous root explfants (b) culturing the
fibrous root exgfansndrres ke pnéseacealbis t@m@@nbo(fihd%@o%mq us
formation, (c) exposi root ca r gl;:gjagf;giéﬁgn

t umef aci ens th]é?gthacragg]‘rus %vec O#Héré Fi i gé%ncetée%génous gene and a

sel ect abl e nar ketiat tk{m:b%gfs)taa@éetbuntd&mngsmaabﬂ @xoijemuef fectianft he
stabl e transfer of the ogenous_gepe sel ectl Qn e gene
pA9EATL g%f e

to the genorre oft T?ﬁee"tcagﬁesmﬁ‘ft the g&% ‘g%lfc’ba(cat)e cuftarin %% call'is in the
presence t heeﬁﬂ@@iﬂ@&k@%mhbﬁ.@ whicdht 4 heo S edbec teixogenagengenesarst ance
gene conf S resi stance so as to

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.
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Det ai | ed DescriBFFOWEFHOG?déPdt6n8€§?§8n§M%%89f%§é§§ﬁg gan with prior art
met hods and i ncregsgrbRRaefibinGi €asyoat rboanskpimatisomerei bsedsfPbot
expl ants were used for 5 Agrobacteriuym nedi ated_tr.ansfer ' of cotton
Al t hough i B Ara@@€@§§P§eﬁF@WWEPPPéFEHC§r@PS%PFEﬁ%%§BW§?igﬁ%kgg'achieved in
Agrobacteriun}-ggghgh%g it SRS iGN hiighh effificdenayoetf expl ant s
(Val vekens, et al., I988), and the differenti tioQ1ofeyaun %igrgga 10
roots from cot t Garaos EvBMEEdIIMWESH EENHETE D 16 AFHCHERE r.wg:%gx_ G6 mg/ L 1 BA
has been 1 epor t ¢ (KirrfaiGon Gitrdleiprtiif)nodthenplantso (Verlorekens, t he

|

literature about =~ usin rous roots as expl ants f.or cotton ,
transformati on. et al.,91988), and the diffé}entlatlon of young fibrous

10 roots from cotton on MS medium 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
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preferably ab&u are also preferably used in the
nedi um used tovnaemlnraasg%n4tDsééﬁd47@&Fh¥2ﬁ9ﬁﬁ%ﬂ%ﬁﬂk%Qﬁﬁ 13544 in

amounts sim | afgq Lhesg s des shkbadebor ph-Beesandyl agotul byos gedium In a

preferred amognem he cal ormn%rm ium “vitam n B5,
CRDg

((2, 4- di chl or opfeeriropt HcdSi ooddi & H& 9-dcBgélare abeit Ear%ferabl y

about O. ng/ | o] ut 1 ggkllz 4 pakeUEs0 g4 sk, t aoglbout 1.2 10
ng/ | I\/gCIQ% and "&80 {3 #%tg%a %ut 5% gl ugoge m)sﬁ ot

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
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di met hyl al I yl (am no) purine, nost preferably about 100 ng/l nyo-inositol,
about 0.4 ny/l vitamn B, and about 5 ng/l dinmethylallyl (am no) purine.

20 The sane nedi el [ I, O, I
selection wt hdﬂad;\ltglijb gﬁ‘%sog?ﬂ)#%ﬁteﬁlgﬁg‘% Qx\/\??ﬂegolg&4%ge 7L (??Hm%%%mrre or
15- 30 ng/ L kanaeiwellTheown esenthe ofrhi ghd cdnmcrelt rizairormtprodt ditebl y

about 1900 nu/bréSerboitvent0Q o/ |It_ ggsg?,pgr@gfé&qusy t%b%t 25_3800 ng/L) of
e 0

nitrates (preferably NaNO3) was cruci al or t served eff &cti veness of
the differenti atdbhednbdisarngilY hsthaihi of cdgrebatsenbumexpt dhts, al t hough
the rate cal =l hducty s lo r 11 h, \QCQl,

cotyl edonf)g a hig e?ljn'?gf eHg)?QS%@t r%né\?%?%gwgnﬁg\%%%%%h‘f%%%%% '(Ilber%:%rﬂae(r}h%ess for
i nt roduci ng exoyesporsgehesfont bhe Ajoobatieni afn shiehtameat they will be

transerred st ablyy g Sepl eaber . Z00RV0 005357 PEILOLORMP ) Lo = pl ant

or plant tissue exposed to t robacteriu _ the art
and do not fornVpiittgte tdmrofaadsadium aventéneved ton sleadrdeageous to use a

strain or pl asriapeed Seiei gt 08 EEHERY o Budreenbuf iintn T the
tunor chi® act efoshdcionf thbéeltteratgatl (di geasprbadsed pBHAMI1 dardidy peEH
Agrobacterium af g, " eRYRL, QL dRAEVERLEDn, 1904)). Tt is further

' advantagious 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



Numer ous exanpl es of di sarmed Agrobacterium strains areSEBEEBRfd 4043t he
literature .(e.g., pAL4404, pEHA141 and pEH 105 (Wl kerpeach & Vel tern,
1994)). |tWDS0/63183 her advantagi ous to use a so-call ed bi FETSGIHR0LGF
system such as that described in U S. Patent Nos. 4,940,838 and
5,464,763 (Schil peroort, et al.) and Hoekema et 15 al., 1983. A binary
vector systemallows for nmanipulation in E. coif of the plasmd carrying
the exogenous gene to be introduced into the plant, making the process of
vector construction nuch easier to carry out. 20 Simlarly, vector
construction, iinclhaditey ittheroudenperndti 66816FtARNNRE I R2GERES2 conpri sing the
exogenous gene_that. ane sir I nt roodu ' hee pl antansemer be
carried out usﬁ?d’ aé'&%‘rﬂgquese V\n}g’ﬁﬂ -(}no(%ri e!i'r'l t%%ghg?tgrﬁand goes not form part
of the present deivertdhdre mfriEhi fankedgdves PAantdacbiPei BEOPPbRbt ers t hat

have activity S|1{ncc;.} rhgzsvg:%set ARy g A5 @7 LSTABRAr pdomoter e¥anple, it

I s advant ageous a series of " selectable markers for sel ection of
transformes celds tled NET i BUNGS qgmanduenhaovisn3iePHabEoRChEBReSS. A 30

sel ect abl e mar kte.rar{%‘(@ormgé(@@iaqq%e NEs CORMRY IddGenb@S! §kAaBCEhEE @B

anti biotic suchas Kananycin, otaxi me or streptonycCi n)} | i nki to a
promot er acti veddsSesd endave 2003-aN@sl 5373 theTPIEDY/ 6681659°Fh%bact eri a

woul d permit selection o 1 B 3 O A ey tike fickebnbll. @elation
transformants) .é%&né)%h%f gsgﬁge%'fea%ﬁl marker |1 nkeld to a plant-active
promoter, suchtasthéec@idig 35STRentfit e30 dihal TIMNRIPFGHSTeATdYEF 5 as the

NPT || NORy Pr OnpLers s 004 o8l LAY §&h€CH Ol erdssieiampd pkant cell's. The

exogenous gene
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.}).



desired to be introduced into the plant cell should cJofippigeexr 2003

pl ant-active.pronoter in functional relation to the codi ng sequence, so

t hat the PWOW®Ss¥B3 drives 10 expression of the gene in théearsaeybeneed

pl ant. Again, plant-active pronoters, such as the CaMv/ 35S, the NPT Il NOS
pronoter or any of a nunber of tissue- specific -pronoters, are well-known
inthe art and selection of an appropriate pronoter is well within the 15
ordinary skill in the art. The present method can be used to produce
transgeni c plants expressing any number of exogenous _genes, and i s not
linited by the choidgeobhctectua-gedtatedheotbPRcEFaRS EPTRRRLCRSTF ed

exogenous gene, dg ey £d08,2Qnkhe 0085 Bt ﬁ@gvif§e€‘£§ﬁ€fy ABFleRUAIRE OUS
exanpl es of S genes that could be used with the present invention.

are known in fThe @m&e¢esgr;esheffaﬂttynovarBa§FPPugaYﬁuP?ﬁﬁl%%%V% EBxi n

genes, herbicide i e €55 §ﬁ|k|gg§g synt basg4qgepes that 25
confer glypho%%igr§%§?§%ﬂ& eQE% g ggQ3%$O . 18§ 642, or a 2,4-D -

nonooxygeénase Zhemgtaiat l2omher mang, ﬂtDeFe§ﬁ§FaﬁééS BE?FéyhéYea
Theor et cal _anfle AR AL5R0EHL 8 Ol (A2 BAs B4Rt don]nl nel erility

genes such as I sense genes o Patent No. 30 5, 741, 684
(Fabi j anski , . sdttwtilon Mﬁ‘@M%ﬁamﬁhéOQIébobéﬁ@ad@ﬂéﬁ BRgt 8EREEN syst ems
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WO 00/ 53783 P Agrobacteriuzn-ne di ated cotton transformation
i s consider ecarich irfectrion ehaerdstieny tigslet yidbp Aedahe cteTRENCIREY

tS(raglngfsorf C%sé%neyar]%%lﬁ%%v%el%%%ﬁ ,h?ﬂ’ﬂctl'xo cab veehdlld ey easy 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);



5-Zhongmai n 12 and many other varieties still have diffTRUTH%Es?880ci at ed
with transformation. The situation is the sane for G barbadense and ot her
di pl oi d sPEY4088783particl e bombardnent, DNA injection and PGFEGIVeIPI6of
meristemtissue with Agrobacteriumare 10 sone alternative nethods, which
can be used to transform in theory, alllthe cotton varieties. The

probl ens associated with these nethods are: low efficiency of

transformati on and unstabl e/unreliable results. is believed that the

It
present nethod has 15 broad, applicabjli to.transf i f cotton
varieties, as it ovéBsdmis & Bﬁl i %1 éés{lgg‘\“}'@%él go?'?{qgﬁ'pggﬁfénﬁ associ at ed
wi th previous work rgl-atibngid @5 mettian)transformati on (such as breakthrough

of non- transfornmed callus, poor expla rowt h, apd O,t papsformati on
rate, poor somatic (Eéndr dtFoRPFCRAr 3u8% ﬂfﬁgougeaépgﬁyﬁoaé%go? expl ant s.

The fol | owi ng abbr evj akigons x\ahetised Ba desicgsat e 2gdlt gedlaedgamuseful in
connection with the present _inventiqgn: 25 LB nedi (I bact,e- L.k ypt one +
5g bact o- yeast extr&&ytﬁqeéﬁanz?GIg}“,a)Bg ﬁ)e&%ﬂmw&ﬁgﬁgp’a hg%éGS
Sigma, Cat. No. G T68) 2 Mugmedice® ¢Mioasli/gemgb-ahosit8a2+ 8i.gmg,/LCat .

No. 30 M5524); Sli lrreal.umé?t ewart & I—_%u, 1977. Planta 137, 113-117); 9
Sept enber' 2003 WO 0073 g rrs8p9/b0648 1P B YY (32 M5 + ' ,~ B5 Vitamin

+ 0 . Img/L NAA) ;|  GRicktR)(a1189 afB@oyPurine) + 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



CB-2.1 (M5 macro + B5 micro + 0.05my/L 2,4-D + 0.1 ngPLSRETHEeR 2083,
glucose + 2g/L gellan gum 5 (PhytaGeTM Sigma) + 0.93ng/L MyCl2. 6H20,
pH5.8) ;, WR®/SY8NME macro + 100ng/ L nyo-inositol + 0.4ng/ ECTHERAME B1 +
5Snmg/L 2iP (6 - (yy- dinmethylally(am no)purine)+ 0.2nmg/L NAA + 3% gl ucose +
2g/L gellan gum (PhytaGel TM Sigma) + 101@ 93ny/L MyCd 2- 6H201 pH5.8) ;
CB-3.1 (CB-2.1+ 500 ng/L cefotaxinme + 50ng/L kanamycin); CB-3.2 (CB-2.2 +
500ny/ L cefotaxinme + 50ng/L kanamnycin); 15 CB-4 (Mddified CB--3.1 or

CB-3.2 by addi ng double amount of K and renmovin {\Kg:g 20 nmo/L
cef ot axi ne andi@ohgyie KefarfRS m‘-’(%l\‘l'g‘{‘csl-?’;ro‘i’? éﬁgﬁcrose + gglgfa% g:el lan gum
(PhytaGel TM: Qi gBintts 0. 939/ ua MiChd ptia®))p énthent didaovitng recdepl es are

i ntended to |IIustrate t he present

, d t i m ‘
its scope, whikinger s@%l%}‘%’??@ed"’o@/e"ﬂé’l"&?aﬁ; %O%\%Eoé’at%y n\lg%yeﬁlgr alt imoﬁl '

of Cotton Planis; g @ RO0t mddSsne Whetsse é.’tSoPﬂ:@zpa&rai |tdmrofen?cx@tot15xpl ants:
Cotton seeds were “sterilized in 70% et hanol for

treated Vi th TODEBDOREY oFC FEADY SFIRT WeERt %}atijeré%% usm t}}}ensr%d i ?1

sterile water fo6;wf. ' Phéfe 28 arm-1 germgawds@m mr hﬁanmrl_ worrkedi um or

CB-1.2 nediumat 30 28C - 30C, "16h e 60- 90 S toten 9
Sept ember 2003 WO 0@)‘7“3@‘7‘880112056‘??%36%9/ Oggliﬁo‘dﬁy O%?%r %} s%%d?fi/]%g% t hus

grown were usegotQlpPhgPasRd EXPtanés. ohtcrag. iomaditmadr pLer2 i ul heal t hy
roots medium at 28°C - 30°C for three days, 16h light (60-30

10 pE m? s7?). The optimum size for root explants was 5-7
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



(longer and thicker) with white color were obtained ugi AgPEERE. 20Rdi um
whereas shorter and thinner roots 5 with grey to brown color were obtained
usi ng t hewsBools3zs3nedi um Therefor, CB-1.1 was chosen for jefsdRioyg K-

I nduction of calli: Fibrous roots were cut from seedlings and cultured on
CB-2.1 medium or CB--2.2 nediumat 28C2x3 30C for three days, 16h |ight
(60-90 10 uE M2 sT') . The optinmum size for root explants was 5-7 mm A
few smal | caI li initiated on the cut sites of root segnents in as little

as 3 days. eneral, transfornmed hypocotyl or cotyl edon expl ants started
to initi ate cheves bhan ndhRt ngl FedpYReeRter oF FRIY ISP HERAIENESpr evi ous

to the present (povensi on, atsaned ey B réootc X ANty Wanawgeneral Iy found
toinitiate callus onIy after 10 days of cultjvation. The color.of the

root explants WaSUGhiPR. anset ipRRIPERRtIoL RITICHANGY 3RBEETS 48 initi at ed
from other partgpoé ihepgpsf. 20 segnents. The col or of the root explants
changed to grey or_even brown. At the end of 2 weeks of cultivation,
calli ini¥?iated froRPERREGRABIEN @bt TORKpFahts: artf e feMontdyr & t wo

i nduci ng nedi aca;CB:L aezewﬁaﬁgﬂaﬁré@ t80hGe wedrhire af d M s UlRIuTRr@N onWhi | € 25
CB-2.1 did not. di ym root exgl ants grew well, and the

m crocal | us i n?%F]a‘FEdcgn t?ﬂem%ﬁ%u@l PESCHTZ - § MR B antBEtAT0 % PAFNSE 1 oot

expl ants ini tl@tesub@ah’cuﬁeaf tRe RALNrd €aysi Ofetdier rEdH AdBrda dhemt her
hand, while CB--2.1 npedium sugﬁorted the growth of the 30 root explants

wel |, there wa$ RB1EBPREsPRIPIGEIGH BAT %‘h%u‘é'iﬁo%l‘?%ssonﬁ@%ffl ci ency of
cal l us-ipducti gnbwi/bB. reoLt&xPhankadon- agﬁa,%ﬂn@ weel wnaes 0% whi ch

vas 9 et e e o 0. B ST a0 s mesLy Fespectively, 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.



| ower than that with hypocotyl or cotyledon explants (3R A%4mmary
of resulta,gﬂg&%gg callus induction and transformation efficiency appears
in Table"'C w. 5 Regeneration of root calli: After offel’#@¥4016t he
calli were transferred to new nediumfor subculture on either CB--2.1
medi um or CB-2.2 nedium After 2 nonths 1% subculture, the mature calli
were transferred to CB- 4 (wthout antibiotic) for induction of somatic 10
enbryos. G utanm ne and L-asparagi ne were added in anounts of 0.5 ng/L and

0.2 ng/L, respectively, to ronot e enbr e Is.. Prijmry _somtic enbryos

were formed on thePEﬁﬁﬁyﬁﬁeE?@p%E?WW %?¥§$ Qﬁ%%ﬁ? - ot %&ﬁt#@étion, with

2 subcul tures EF bahweentQpet heosareodd werdl autPrnTdree sondhiae .enbr yos were
subcul tured on ﬁe sane _nedia f

br yos vier o 1 BRAEBICBRR 65 RESSOERi EOerDrybe” deberopRt 15 bl antl ots.
These snal | p|ﬁﬂk&ﬁb§ weeemikeapsf @asefnt@b&Bed ondiga1f@m ¢oot i nduction.
were trandferr 8ameesol | TARIEREFRRAT ROEUPR CaRCRABLDAL B uhas Erotes
humidity for 3phtweeks atiqd8Q nitébgbhghbr (B0m@AubE aBdsafyerwadds hen
Agr obact er | um Fr 2RSS FEEFor S0 LT f dRTHIE b1 adit DAY (358 LUO) (see
Fig. 1) was geneiatadily,Clson adckbeitee LBdnegismquentbofitomthe
the pl asii d pviPSa ogde g wass89978 S0kB, Forn <2088 AobtsaTkas
PCT/ S@B941@0016 wi4h 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 colonies 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



Prepared cohpetent cells (400 nicroliter) in Eppendoff SeRBENET0RPIBOC wer e
put on ice to thaw Plasm d DNA was added in the cells. After gentle

m Xi ng, tEOAY5A78% e was i ncubated on ice for 45 5 ni nut espciReodgpoandor f
tube containing the mxture was put into liquid nitrogen for 1 mnute and
afterwards in a water bath (37C) for 3 XMnutes. After the incubation, 800
mcroliter LB nmedium (w thout antibiotics) was added into the m xture- and
the tube 10 with the m xture was incubated at 28C for 3 hours. After a
brief centrifugation at 12,000 rnp, 800 mcroliter, K supernatant was

removed. The raasitugfedt lge Chedi dmfAEstHPx@aYHel 60 + hak e(@%T?Odéq:I%t and

the mxture ugs, p'%h%deBEBuéBra&@ée@aﬁ@ﬂ&ﬁéﬁnéﬁkJi%kém&da£m5 kananycin and
100 ny/ L streptonym n. Successful transformed LBA4404 cells forned

col oni es on t fegnsirdses 51 0apmdt 288 hBgRBahed28EthAgReb&RtLri ura strain

LBA4404 harboru%% .&%QéﬁqueBBQ ﬁééébhyg%rwaﬁ thRkFhaiedsoacLBipl ate
wi th kananycin 0 ng/L 20 streptonycin and refanycin (50

ng/L). A5 si n@l%‘kfkﬂ%ﬁsﬁmlhgo@bﬁapéésmhﬂopﬁwI i agﬁdL%Hl (oo T t hout
ant i bi oti cs angd 8ew) %vferaya?. tlef Qr faws #8nh  AFL28C4eRiAa ¥ratory
e

shaker. The optical nsity val ue was adjusted to 0.1 - 4 in
liquid LB mediths Imqieial @Ol}%lOEXAWPEEIQOtTﬁﬁﬁéﬁBFﬁaWPBﬁ ﬁFl%S?dExpl ant

Ti ssue and nefeat | 98,01 i JhANSEENGE (FOth-e8-1) Peant anRaakj exshant s were
obt ai ned by c(t}ifjhel vati ng ste:rulsr F30 cot]%n seeds as Ielscrlted in Exanmpl e 1,

above, on CB Itwe ri&aissm Tlileblo@@s‘stmﬁl@ols@n@@ﬂéréﬁﬂoﬂr & §B8&dl i ngs and 9
Sept enmbeyg 2003 YW 00L A3/ B ReVa3P 9684438 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 calli
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



15 cultured on CB-2.2 for two days, 16h Iight (60-90 PESFREFEr1Y00%he
fibrous roots were then cut into small segnents (5-10 mm) and i ncubated
with the WOS38dspension culture of Agrobacterium tunmef aBCBREI%WIE n 5
LBA4404 harboring the plasm d pBKO (35S:LUC) (A600 = 0.1-0.6) of Exanple 2
for 15 min. After drainage of the bacteffal solution, the root explants
were cultured at 28C, 16h light (60-90 pE m2 s-') for an additional two
days. The optinmum concentration of the 10 Agrobacterium strain LBA4404 for

root .explants s _lower (A600=0.1-0.4).th h 0 | d
cot yl edon explegvﬁ\%é’ OFA( T .giFﬁ.“s)p}La&:lier’%asl Wore gheg“l Ecr%%(‘%gggﬁégt s did
not affect theogtdwd mefditire (CBet5) &opl amtes: dmdluctd osubs@leent cal | us

{
i nduction. 15 -cul tured explants were Wi ' terile.
di stilled wat é’rctoaéﬁ ‘e[trsaﬁlércgﬂ%é% ¢ °(EI§-’3.t?@eipng‘%rhemt%r%ngﬁfegrfﬁngai 5’%11 or
cultivation atarn2B@ailkflairddqghin E0-i9Cubltmr2 widEr hight dumfigdt ywdeks,
kanamyci n-resistant cal | o sel. e ngsubculd yrad anme
nmedi a for the 3-stled"oene Ssealte\(l?t%lr gﬁ. %%p ?ﬁ'gggtage&t %r(r)el}&%sg‘ne%(r)ﬁ t %@%a e?l wer e
sel ect ed t o detregtsficrerddJE ceXaress iport shiwitt it il o feergasenl nviusescence
i mage system (see Exanple 4, below). The process of inducing callus took

about 2 25 nonths. The efficiency of callus induction fromroot explant
was | ower conpEdAMPM t4r t hat Hetmmthypocdt yluaifkraset Wardori taxpl ant s.
Kananyci n-resi stant_calli re transferred to GB-4 j i nduce
enbryogeni e cal li apﬁf%tor%%ﬁecmeaﬁ]bsr-ygssgm 30 ,ﬁaflgilsd-,ér&\%ge%ggog%h(?&%ti vati on,
wi t h onatsubcuditamrtel etnatwe e sspwsyad eniirly os sxppeared amtdiaica 10..5

Plantl ets devw%eodcaagstieJny\enggigé&rg sQie d)fofgge(b?/‘%ept enber 2003
' 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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EXAMPLE 4: Detection of Luciferase Activity Plant materials.(such as

cal | us,

0.5 nM pot
nonol aur at e
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and 0.01
BmaLY, ©

pl antlets

ks at 28C, 16h light (60-90 }iE
In a green house.

| eaf and whole 10 plantlet) were sprayed with a solution containing

% (W v ol ygxyet hyl enesor bi t an
%ér‘?ﬁ%.as?ﬁééa& if )f/%se | um nescence

fromthese plant mat iAW, Phal i zed using an 15 i mage-i ntensifying
canera and—photon-counting joage .processors purchased fromPrinstaon
| nst runent gvduiety caﬁska@uatmnbr:i@ige tfaeadet Tr dmioongt NINA8649.noThg NoeXposur e
time was 6l m n. The el ectropftEairaggsaieried cqrvekangd| ¢ad 1 dredsofjtof
Power poi nt] TIFF fill es and 2D printed B3 rom|a standard coIdPCErFﬁFér.
Cal | us .grOA'_'é ng—oh selected diumfdr one nmontlh . vwas kel ect FA:EP test ILUC
expr essi on{ @bkbrt He358-damc | orgeo syqt®mo Me- geBt4 ve| 15ansflargred xal ljus
had ws te|l 3ppts Whereas ungransforned callus |did not} Qut 25 of |the 139
pi eces of Kamanycifmreststant——cart 1749 $;i ecgsS nereposttve—w-th—ttd
activity. [The' sucdes3HHUC t | &nddor ndt3 DM YA e [l2PX hef @Por 3% vhi ch |was
much * hi gher than |thai_ n| HS) cat r poCO| as [ expljant (20% .
AN Sl s e e L L A e L BB F A B
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' Agrobacterlum tumefaciens that harbors a
vector comprising an exogenous gene and a
selectable marker, the Agrobacterium being
10 ' 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
15 ' 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

20 (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

25 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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cal lus, (e) inducing enbryo enlc al lL.us 0 i Q. formation in
the sel ected callus cdfﬁﬁ%% and %F)pF%agﬁg?azgﬁ%IFﬁb Sggdaggﬁa iC
embryos 5 acid.
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. Thé_ 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 carriéd out in
the additional presence of o naphthalene acetic
acid.
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6 wherein the a nap | gne tinCc-aci.d,is in a concentration of about
0.05 M/I. 8. The #é?%oggofabglﬁgi r%' 2rle'i n the step of regenerating the

somatic enbryos is carried out in the presence of nulti-effect triazole.

15 9. The net hgqd of ¢l.ai r-ei he i-ef.fe i hS..Lh a
concentration o 'abgﬁlte @%@O\r@hg%fe C’Eig&a (:)Lg;]'w .efeer%ﬁl/ I(E&]elg{ r%%gllt?ﬁgtlﬁgg of
claim9 wherein theangittiic- efciectis tin az cloncies tinatd coornde@ooatti On 06f about
0.1 ng/l. 20 11. Thglgmit_hod of claim8 wherein the step of

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.



regenerating the somatic enbryos is carried out in tﬁes%m%egnﬁpoﬁr esence
of a naphthal ene acetic acid. 9 Septenber 2003 WO 00/ 53783 26

PCT/ SG9/WO®83782. The net hod of claim 11 wherein the a negRisGraloeme acetic
acid is in a concentration of about 0.012 /1 to about 0.2 ng/l. 13. The
met hod of claim 12 wherein the a naphthal’ene 5 acetic acid is in a
concentration of about 0.05 ng/l. 14. The nethod of claim 1 wherein the
step of inducing callus formation is carried out in a callus inducing

cul ture medi um gonpEiSi NG TYQ-4AOSI L0k, 13 0uNb LM Rl Afithtdic embryo

di met hyl al 'yl (am no)purine. 15. The nethod of claim 1l wherein the step of

i nducing somatic embdyoiferealiwre imedbyni @NRELSeH BYOSHRRLITOleddr yo

i nducing culture megdjiu rkEsing -4 i Yitamh Blinapgd a 5

di et hylal |yl (ami no} pus Foant  EOf 50 YO L0040, VLA Blincld 2 0
i nduci ng cul ture nedountcbnpni @ed hyold mg/kokndn an anount from 50 ny/L

to 150 ngilL, vitam g, i 2, 10,40, ot e andya o o

di et hyl a{sl yl (am no ﬁlﬁ#hgl?glgﬁ%ﬂn%ﬁ%ﬁﬁ%%ol}i at oa7. 5 nmg/L. 17. The
met hod of claim 16 whefebnmghk.cal |l us i nducing culture nedium conprises
100 ng/L nyo-inositol, 0.4 ng/L vitamn Bl and 5 ng/L

di met hyl al I yl (am no) purine. 9 Septenber' 2003 WO 00/ 53783 PGI/ SG9/ 00016
19. The method of claim 18 wherein 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



27 18. The nmethod of claim 15 wherein the somatic enb?y&PiHEGE AL Tul ture
medi um conpr.i ses nmyo-inositol in an anmount from50 to 100 ng/L, vitamn Bl
in an an¥@#0/5¥83m 0.2 to 10 ng/L and 5 di et hyl al | yl (ani reiysaasion@si n an
anount from0.01 to 0.5 ng/L. 19. The méhhod of claim 18 wherein the
somatic enbryo inducing nedium conprise§ 100 ng/L nyo-inositol, 0.4 ng/L
vitamn Bl and 5 ng/L dinethylallyl(am no)purine. 20. The nethod of claim
1 wherein the step of inducing callus formation is carried out in a callus
i nduci ng cul t yr Welclpsoldl t ( r )acetic .
acid, Md ang:segrﬁigloésje 21. 'F?qurfg;i?\no%@o%gﬁgﬁ% gnd g?g?hgt ﬁﬂaﬁe%)ﬁ
|ndUC|ng somatic éhﬁmyﬁff@EWEWWD@QNPH&@ﬁﬁl§d4o@g/LnVata§éﬁaBsc %nbryo

i nduci ng culture m chhogo oxy) ,
acetic acid, md m%i%nd%{ﬂdﬂd&s%gl%.rogge%%hg)g&?ﬁgg éfggrapmézgemger ein the’
cal lus inducing cHMaGk enfedutlewgse-ses vitanin B5 in an anount from 0. 2
ng/L to 10 ng/L, (2,4- dichlorophenoxy)'acetic acid in an anount from 0. 05 -
5 nm/L to 0.15 ng/L, MyA in an anount fromO0.4 ng/L to 1.2 ny/L and

gl ucose in an 24rourkihg makhog tof Swing 2depheredrn 2DO3SAMROGL58TBB YO

PCT/ S99/ 00016 28 23,4,Jhg, OchE‘édl%ﬂJ i %%m%%%'s”v&'ﬂﬁmﬁﬁ' BYS; ) Nghyci ng

cul ture nmedi um conprises 0. vitam n
amount from 0.2 mg/L to 10 mg/L (2,4~

dichlorophenocxy)acetic acid in an amount from 0.05

5 7 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%.

25. The method of claim 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.

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

the medium further comprises gellan gum.

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

28. 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.

29. The method of claim-28 wherein the somatic embryo-

inducing medium comprises 3800 mg/L nitrate.



my/ L (2, 4- di chl or ophenoxy) acetic acid, 0.8 ng/L Md andP SGEuEdLe. 24.
The nmethod of claim21 wherein the somatic enbryo inducing culture nmedi um
conpri sesWopEs8s B5 in an anount from0.2 ng/L to 10 ngp&risE&avobols

di chl orophenoxy) acetic acid in an amount fromO0.05 5 ng/L to 0.15 ny/L,
MyCl in an anount fromO0.4 ng/L to 1.2 mMf L and glucose in an anmount from
1%to 50. 25. The nmethod of claim24 wherein the somatic enbryo- inducing
medi um conprises 0.4 ng/L vitamn B5, 0.1 ng/L (2,4-dichlorophenoxy)acetic
acid, 0.8 ng/L_ MClL and 3% gl ucose. 26. A nethod, according to any of

clai ms 14-25, wer ePnmetRednBgrarfitnft heretbipr i SE31Betf P gttn 27. A

met hod according toyglein2énehgieirBtthesgghken gumis present. in an
anount from1.0 g/L to 3.0 g/L. 28. The nethod of claim1 wherein the step
of inducing somatic enbryo culture is carried out in a somatic
enbryo-induci ng nmedium conprising a nitrate in an anmount from 1900 ng/L to
5700 ng/L. 29. The nmethod of claim 28 wherein the somatic enbryo- inducing
medi um conprises 3800 ng/L nitrate. 9 Septenber’' 2003 WD 00/ 53783

PCT/ S&39/ 00016 29 30. A nethod according to either claim?28 or 29, wherein
the nitrate i s NaNC3. A





